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PREFACE 
 

The Eighth International Conference on Science, Mathematics and Technology Education was 
held in Jakarta, Indonesia in November, 2015. The theme of the conference was ‘Science, 
Mathematics, Engineering and Technology Education – Cultural Challenges and Opportunities in 
a Globalising World’ and it was organised jointly by the Science and Mathematics Education 
Centre, Curtin University, Australia and Universitas Negeri Jakarta, Indonesia. 
 
The conference provided an intellectually challenging and culturally enriching experience for 
science, mathematics and technology teachers, teacher educators, researchers and administrators 
from primary, secondary and tertiary education from around the world. It was for the first time 
that this particular conference or any other international conference in SMTE was held in  
Indonesia. The Universitas Negeri Jakarta conference featured the largest number of 
presentations, participants and workshops and the largest number of participating school teachers. 
This was a rare bilingual conference in Bhasa Indonesia and English in mathematics and science 
education.  
 
Over 157 abstracts were received from different countries and most states of Indonesia and 137 
accepted. The participant representing 11 different countries were from Australia, Canada, 
Indonesia, India, Malaysia, Mexico,  Nepal, New Zealand, Oman, Philippines and Saudi Arabia.  
The conference took place from 21-24 November 2015, starting with the one-day workshops on 
21 November by presenting 6 facilitators, namely David Henderson, Melissa Loh, and Kaitlyn 
Panzich for workshop 1; Esther Matemba and Natalie Lloyd  for workshop 2; and Elisabeth 
Rukmini for Workshop 3. Keynote speeches were delivered by Prof. Dr. David Treagust from 
Curtin University; Emeritus Prof. Paul Ernest from University of Exeter; and Prof Lilia Halim 
from Universiti kebangsaan Malaysia. All three keynote speakers authority in their own 
specialization presented thought provoking ideas in interesting manner.  Invited speakers: Prof. 
Dr. Zainal A. Hasibuan (The Head of National Education Standards Board/ Badan Standar 
Nasional Pendidikan (BSNP), Sri Rahayu, Ph.D (Head of Postgraduate School of  Science and 
Chemistry Education, Universitas Negeri Malang, and Dr. Anton Noornia (Head of  Postgraduate 
School of  Mathematics Education, Universitas Negeri Jakarta) appraised international delgates 
with current trends in educational research in Indonesia. On the sidelines of the conference be 
tour to visit Taman Mini Indonesia Indah was held, a place that represents Indonesia, where 
delegates appreciated the diversity and culture of ethnic groups in Indonesia.  
 
These proceedings are a result of the papers presented at the conference. All papers contained in 
the proceedings were presented at the conference and consequently submitted to a reviewing 
process. Each paper was reviewed by at least two referees. The papers have been organised 
alphabetically in these proceedings.  
 
We have continued our mode of publication as an electronic form. However, people may order a 
book of the proceedings by contacting one of the editors. 
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Abstract: The purpose of this research was to describe the method or learning model used in the natural science 
basic concept learning and to describe critical thinking skills in primary teacher education (PGSD) of PGRI 
University of Semarang in the year of 2014/2015. The method of this research was survey by using observation, 
interview and giving the questionnaire to the students. The result of the research explained that method or 
learning models that have been used dominantly (71.4%) are students’ presentation, question and answer, and 
discussion. The highest indicator of critical thinking skills is in formulating problem indicator which is 65.9%.  
The lowest indicator of critical thinking skills is in deduction indicator which is 54.6%. The total of critical 
thinking skill is in ‘poor’ category which is 80.9%. The conclusion is that the method or learning model used is 
not capable enough to develop the critical thinking skills.  
 
Keywords: Critical thinking skills, Natural science basic concept. 

 
 

INTRODUCTION  
 

Twenty-first century is an era when the competition is very firm in every sector. In this century, 
technologies have developed rapidly so it is easy to get the information nowadays. This case influences the 
change of the demand of human resources which possess good qualities. The aim of national education in twenty 
first century is to realize the nation’s goal, which is the prosperous society with honourable and equal position to 
other nations in globalization era, through the society establishment that consist of human resources which 
possess good qualities, independent person, and have willingness to realize the nation goal (BSNP, 2010). 

The meaning of good quality of human being, according to the law of Indonesia Number 20 Year 2003 
about National Education System, is the educated human being who believe and piety to God, have a good 
character, healthy, knowledgeable, skilful, creative, independent, also democratic and responsible citizens. 
Therefore, education is the core of preparing human resources who have good character and able to compete in 
every field in facing the demand of this era.  

The good quality of human resources in twenty-first century needs some skills. Khine (2013) stated that 
the world’s future depends on the society competence to adapt to every life. The adaptation abilities that needed 
are life skill, interaction, and collaboration between human beings. Trilling & Fadel (2009) explained that three 
skills that needed in twenty-first century are life and career skill, study and innovation skill, and information 
media and technology skill. Bishop (2011) believed that the skills that needed in the world of work in twenty-
first century are critical thinking, communication skill, collaboration, and creativity and innovation.  

Critical thinking is one of the skills that must be mastered in twenty-first century (Greenstein, 2012) 
because critical thinking is the way to think of reasonable case and focus in deciding what to do (Ennis, 2011). 
Critical thinking is explicitly based on the reasonable assessment and used the correct evaluative standard in 
finding the truth, advantage, and value (Yildrim&Ozkahraman, 2011). Critical thinking is a wider scale process 
that reflects human being attitude (Çimer, et al., 2013). Critical thinking is used to direct everyday life style, to 
utter the meaning of every occurrence (Johnson, 2011), to face every day’s problem, and to make a decision 
(Samanci, 2015).  

Related to that case, it is important to develop critical thinking skill among the students so that they are 
able to make a decision (Samanci, 2015). Critical thinking skill needs to be developed in class either in science 
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class or in another major. However, in reality, critical thinking skill is less noticed by some educators in teaching 
the students. Thus, this skill needs to be paid attention to make the students able to develop it. That case is 
related to Haryani (2012) who stated that critical thinking skill is an important characteristic in every level of the 
students; however, the teacher seldom teaches this skill.  

The requirements to develop critical thinking skill are: strengthen the prerequisite, formulate the 
question and appropriate assignments. The teachers can choose and organize those skills and implement them in 
classes in various methods. The learners can choose the knowledge and the important core of the skills; implant 
the critical thinking skills in the curriculum, unit, and learning plan (Rohaeti, 2010). The learning process that 
accommodates democratic freedom makes the learners involve in discussion and debate in different points of 
view so that the individual has the skill of internalization thinking, problem solving, criticizing, and decision 
making (Samanci, 2015).  

The activities that describe critical thinking skills are summarized in five activities: 1) giving the simple 
explanations such as focus in questioning, analyze the question and asking, and also answer the question of 
explanation and statements; 2) developing the basic skills that consist of considering the trustworthy and 
untrustworthy source and observing and also considering the result of observation; 3) concluding that consist of 
deduction activities or considering the result of deduction, inducing or considering the result of induction to 
make a conclusion: 4) giving the further explanation such as identify the terms and define the consideration and 
also dimension and identify assumption; and (5) setting the strategy and technic that consist of deciding the 
activity and interacting with other people (Ennis, 1996).    

In relation to the explanation above, this research is done to (1) describe the dominant method or 
learning model used by the lecturer in learning process of natural science basic concepts; (2) describe the skill 
qualification of students’ critical thinking skills.  
 
RESEARCH METHODOLOGY 
  

This research is a survey research to gather the information related to the dominant method or model 
applied in the natural science basic concept learning and the qualification skill level of students’ critical thinking. 
This research was done in an undergraduate program of primary teacher education (PGSD) of PGRI University 
of Semarang in the year of 2014/2015. The populations were three lecturers of natural science basic concept 
course and the first semester students who participated in the course. There were 9 classes for this population 
that consists of 419 students. The cluster random sample method was used to take a sample from 231 students in 
1A, 1C, 1E, 1F, and 1H.   

The instruments used were interview sheet, observation sheet, and questionnaire for critical thinking 
skill. The reliability of questionnaire instrument for critical thinking skill used previously has been tested by 
Alpha Cronbach formula. The result of reliability was 0.822. The indicators of critical thinking skill are; very 
critical criteria (81-100 score), critical criteria (61-80 score), less critical (41-60 score), and very less critical (20-
40 score).  
 
RESULT AND DISCUSSION  
 

The research was done on November 21 until December 21, 2014 in an undergraduate program of 
primary teacher education (PGSD) in PGRI University of Semarang in the year of 2014/2015. The explanation 
of the result are; (1) the description of the dominant method or learning model used in the learning process of 
natural science basic concept and (2) the description of critical thinking skills.  

The result of the research according to the four meetings observation (1 meeting = 3X 50 minutes) in 
natural science basic concept learning in PGRI University of Semarang and the result of interviews with three 
lecturers on December 18, 2014 can be seen in Figure 1.  
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Figure 1. Kinds of Method or Learning Model that Used in Learning  

 
Figure 1 shows the information that student’ presentation, question and answer, and discussion methods 

have dominated the learning system. The learning process shows that lecturers give the assignment to the 
students to present in a group about the material that was agreed in the first lecture contract. The discussion and 
question and answer are done afterward. The purpose of using those methods is that the students are able to 
master the concept by planning the presentation. In addition, the methods also help to achieve the purpose of 
learning. Erdemir (2011) explained that the presentation using power point media is able to increase the learning 
achievement (examination mark) than traditional learning (blackboard and chalk) and lecturing because power 
point is supported by visual and auditory information. That statement is different with Putra (2012) who 
explained that presentation produces the different learning result if it is compared with STAD method. In the 
case of attraction, the students’ attraction in presentation method is lower than in STAD method.       

The fact of the learning process is that the students have a passive attitude in presentation, discussion 
and question and answer process. That case is seen from the domination of some students in every group that is 
active in the discussion and asks the question. Moreover, the less courage in argumentation and the lack of 
concept understanding between group members in presenting the material in front of the class are also the fact in 
the learning process. The cause of those facts is the learning process that is quite impossible to involve the 
students. Tsai et al., (2013) explained that the way to organize class’s activities to be active is one of the factors 
that influenced the students’ involvement in learning process. In addition, it also influences the learning 
achievement.  According to Khine, (2013) interaction and collaboration are important to do in the discussion so 
that the aim of the learning can be fulfilled maximally.  

The initial condition description of students’ critical thinking skill is drawn by using the questionnaire 
of critical thinking skill. The distribution of the questionnaire was done before the treatment through learning 
process which has a purpose of developing the critical thinking skill.  The sample of this research is 231 
students. The descriptive quantitative technique was used to analyze the data. It is also used to get the general 
description of critical thinking skill. The total of critical thinking skill in each indicator can be seen in Figure 2.  

14.3%

71.4%

14.3%

0%
10%
20%
30%
40%
50%
60%
70%
80%

cooperative (Jigsaw) Students'
presentation, question

and answer and
discussion

assignment

pe
rc

en
ta

ge
 

Method or Learning Model 

3



 

 
Figure 2. The Percentage of the Indicator of Critical Thinking Skill  

 
Figure 2 explained that the highest indicator of critical thinking skill is ‘stating the problem’ which is 

65.9% and the lowest indicator of critical thinking skill is ‘making deduction’ which is 54.6%. Based on the 
explanation, the level of making a logic deduction, understanding the logic condition, and doing interpretation 
toward the question in the students is still low. The result of observation shows that the students’ skill in making 
a deduction does not quite show logical proof in understanding the question given. The students rather do not 
understand the question well.  

Low ability to make deductions due to the learning process raises less interaction between lecturers and 
students, so they are less able to explore ideas that are used in reaching conclusions. This is in accordance with 
the opinion of Moeed (2013) who mentions that the interaction is able to bring knowledge, exploration and 
reflection could improve understanding of concepts so as to make conclusions. Things can be done to improve 
students' critical thinking skills necessary to enable students learning model and increase student participation in 
the learning process. This is in accordance with the opinion of Suciati, et al. (2014) who suggest that the learning 
model that forces the students to participate in the classroom will improve critical thinking skills, understanding 
of the material, and the effect on learning outcomes. Sharadgah (2014) stated that the critical thinking skills can 
be enhanced through looking for information about a particular topic, collaboration, and rewriting the topics that 
have been studied. The magnitude of the critical thinking skills of students as a whole can be seen in Figure 2. 

The lack of ability in making deduction is caused by the learning that does not lead to the interaction 
between lecturers and students. This case makes that the students cannot discover the idea that can be used in 
making a decision. Moeed (2013) stated that interaction that emerges the knowledge, exploration, and reflection 
can improve the concept understanding to make a decision. The thing that can be done to improve critical 
thinking skill is improving the learning model which involves the students’ participation actively in learning 
process. In relation to that explanation, Suciati, et al. (2014) stated that learning model that force the students to 
participate actively in class will increase the critical thinking skill, material understanding, and influence the 
result of students. The result of Sharadgah’s research (2014) said that critical thinking skill can be improved 
through finding the information on a certain topic, collaborating, and rewriting the topic given. The total of 
critical thinking skill can be seen in Figure 3.     
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Figure 3. The Percentage of Critical Thinking Skill  

The figure 2 explained that student’s critical thinking skill is totally dominated in less critical criteria 
which is 80.9%. The less critical indicator is seen from the observation result. The result of the observation 
shows that the students are not brave enough in giving and answering the question from the lecturer in 
discussion. The students’ argumentations in the discussion are less appropriate, give illogic assumption, and give 
evaluation which is not based on the fact. It is because of the lack of stimulation, active involvement, and 
students’ readiness such as read the material prior to class in the learning process. Tsai et al. (2013) said that 
learning process that pushes the students to read and connect the knowledge to every day’s life is able to increase 
critical thinking skill and argumentation. It will increase concept understanding and achievement.  

The success of the learning process is determined by many factors. One of those factors is the active 
participation of students such as convey the idea, give the question and answer the question, and the use of 
method and learning model (Gultepe&Kilic, 2015). The participation opportunity should be pursued in learning 
process. Hence, the method and learning process that gives the opportunity to students is needed to make the 
students participate actively in group learning and sharing (Fitrihidajati, et al., 2010). Group learning is able to 
increase the students’ activeness and increase the result of the study (Muhlisin, 2012).   
 
CONCLUSION  
 

Based on the data analysis and discussion above, the research can be concluded as follows: The 
dominant methods or learning models used in the learning process of natural basic science concept are students’ 
presentation, question and answer, and discussion.  The highest critical thinking skill is in indicator of stating the 
problem which is 65.9%. The lowest of critical thinking skill is making deduction indicator which is 54.6%. The 
total of students’ critical thinking skill in less critical criteria is 80.9%. The method or learning model used is 
unable enough to improve the critical thinking skill.  
 
SUGGESTION  
 

According to the result of the research, the researcher has given suggestion to related parties. It is 
needed to improve students’ critical thinking skill by using a creative and innovative method or learning model 
such as RMS (reading, mind mapping, and sharing) learning model. That model can activate students in the 
learning process, participation, social interaction, and facilitate students to prepare themselves in learning 
process.   
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Abstract: The article portrays a one-year study of the development of a socio-critical and problem-oriented 
approach to learning chemistry on the topics of electrolyte and non-electrolyte, reduction and oxidation, acid and 
base, and colloid. The research was conducted in the academic year 2014/2015 with three classes of Year 10 and 
11 students. The socio-critical and problem-oriented approach developed by Marks and Eilks (2009) is aligned 
with the new curricula in Indonesia. A qualitative research approach was employed with multiple methods of 
interviews, observations, and reflective journals. In classrooms with different topics, the socio-critical and 
problem-oriented approach has helped students to develop their soft skills of critical and reflective thinking, 
argumentation skills, and collaboration with others. Different classrooms have different levels of students’ 
engagement, however the teachers developed different methods of implementing the socio-critical and problem-
oriented approach, including discussions, debate, and performances to engage their students. The research study 
found that this approach can be implemented in the teaching of chemistry topics that are relevant to the context 
of social problems in Indonesia. 

Keywords: Socio-critical and problem-oriented approach, Soft skills, Chemistry learning 

INTRODUCTION 

Education does not only aim to improve students' understanding, but more importantly to produce 
young people who have the ability to be an agents of change, character and culture. Education of character and 
culture have become an important issue in the curriculum at various levels. According to Chang (2009), the most 
important factor in the formation of a child's character is how children cope with problems in the neighborhood. 
One way to educate students to analyze the character, culture, and values that are owned by the integration issues 
of socio-critical learning. The implementation of the 2013 curriculum in Indonesia focuses on developing 
students' character facing challenges, especially in teachers’ difficulty integrated the approaches for developing 
the character of the students in learning (National Directorate of Primary and Secondary Education, 2014). 
Integration of socio-critical research study has been conducted by Marks and Eilks (2014) which aims to 
increase students 'interest in science and technology, finding the relevance of science to the contentious issue in 
the community, develop students' critical thinking skills in obtaining information and improving active learning 
that is relevant to the issues of social scientifically controversial (Marks & Eilks, 2009). The same problems are 
found also by Marks and Eilks (2014) in chemistry learning activities in Germany. His research states that 
learning chemistry in western Germany less attractive to students because of students found disconnection 
between chemistry and everyday lives.  

Chemistry is related to various discipline in the life sciences, including social. In daily lives, students 
are facing  with dilemmas problems which could create conflicts that require them to make a decision. Socio-
critical and problem oriented educate students to think critically, work together, accept and negotiate ideas, and 
solve problems and reflect on issues of socio-critical in daily lives. Therefore, chemistry learning should not only 
focus on developing the knowledge, but on how implement the chemistry knowledge to solve problems in daily 
lives. Science educators have repeatedly argued for making students competent in social-scientific reasoning and 
for making young persons able to participate in socio-scientific controversies (Roth and Désautels, 2002; Marks, 
Bertram, & Eilks, 2008). Based on the success of Socio-critical and problem-oriented approach against similar 
problems, researchers are encouraged to conduct research with socio-critical and Problem-oriented approach in 
learning chemistry at school in topics of "electrolytes and non electrolytes, redox, acid-base and colloid". The 
issues in these chemistry topics are expected to encourage student’s critical thinking on issues presented and the 
student to argue. Marks, Bertram, and Eilks  (2008, p. 269) states that“those which encourage personal 
connections between students and the issues discussed, explicitly address the value of justifying claims and 
expose the importance of attending to contradictory opinions.”  In this study, the researchers implemented the 
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socio-critical and problem-oriented approach in chemistry learning for chemistry students in secondry school in 
Indonesia in order to develop students’ soft skills in relation to new curricula. 

RESEARCH METHODOLOGY 

The research conducted at Secondary schools in Jakarta, Indonesia in chemistry classroom.  The 
methodology implemented qualitative approach with interview, classroom observation, and reflective journals as 
data collection. In the process of research, the researchers worked with chemistry teachers from four secondary 
schools in chemistry classroom with Year 10 and 11 which implemented the new curricula. The chemistry 
teachers implemented the socio-critical problem oriented in selected topics which related to the issues that 
relevant with Indonesia context. The researchers conducted classroom observations during the process, interview 
with chemistry students. The chemistry students also wrote their reflections on their learning experiences. 

RESULTS AND DISCUSSION 

This research was conducted by provide opportunity for student to criticize the issues and social 
problems through various media such as articles, videos, discourse, newspapers, and other media. Each issue is 
presented and can be evaluated from two different point of view that will bring out the debate with the aim to 
motivate students to think critically and communicate clearly. Students were divided into small groups of pros 
and cons on the issue given. At the end, they are given the task of creating the posters that described their views 
on social issues presented. Dealing with societally relevant issues which are actually discussed is of importance 
to students lives and also important for future participation as responsible citizens (Marks and Eilks, 2014).  

 
Meaningful Chemistry Learning Experience 

Integrated socio-critical problem oriented has provided students with exciting and meaningful learning 
experiences. The students said that they were excited with interesting chemistry learning experiences which give 
opportunity to learn for participating actively in different learning activities. Several questions were raised up by 
students showed curiosity and critical thinking of students. Students’ debate between pro and cons has lead to 
enthusiasm and motivation as several students states: 
 
"I am  excited with different learning experience and motivated me to develop my understanding in redox topics” 

 (Reflective journal, 11 February 2015) 
 

" When we conducted the debate, I was so exciting to argue my reasons in the issue” 
(Reflective journal, 20 February 2015) 

 
One of example of exciting learning experience for students are when discussing the issue of anti-aging cream 
which is widely used in the community. After students read the articles given and discuss with their group. They 
conducted debate and worked together in discuss their opinions as states by pro and cons group bellow: 
 

Pro : "anti-aging cream containing fruit extracts, vegetable extracts, antioxidants, and vitamin C 
which are good for the skin. Therefore anti-aging cream is not only to preventing aging also 
to nourish the skin to be healthier. " 

Cons : "But many anti-aging creams that contain harmful substances such as contained in the 
article and cause the woman experienced the redness and severe allergic on her face." 

Pro : "Therefore, anti-aging creams should be assessed by BPOM (national product assessment) 
so it is save. If using a cream that is not assessed by BPOM then the woman got that risks 
because the product is not passed the quality control and registered.” 

Cons : " Sometimes, buying the product  that passed and registered is also no guarantee. As we 
know sometimes ago BPOM cosmetic registered dangerous because they contain mercury 
and dyes which are prohibited, even with the well-known brand as the women used.  

Pro : "Therefore, it depends on ourselves. How do we choose the best cosmetic among the many 
cosmetics? We still can choose, if we are good consumers, we should read the composition 
contained in the packaging, whether there are harmful substances or not." 

 
In this debate, students were very enthusiastic, they learn to state their ideas which is not really often happening 
in their regular chemistry classroom. Each group learn to create the powerful argumentation with evidences. 
They provided the argumentation in term of healthy issues, chemistry product awareness, including national 
board of product assessment which lead to their awareness and knowledge in product assessment and customer 
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behavior. These debate provides the new knowledge for the students that chemistry is relevant to their daily 
lives. The implication of meaningful learning experiences and students’ motivation also lead to other learning 
aspect of students which is students soft skills development which is discussed bellow. 

Chemistry Students Soft Skills’ Development 

The results shows, the integration of socio-critical and problem oriented issues has transforming students 
learning and their soft skills such as learning to collaborate with others through discussions on social issues and 
to respect each other during the debate. Students were interested and motivated to learn chemistry through issues 
in articles, then they analyze and reflect on their values and learn to solve problems together through discussion. 
In this paper, we focused on chemistry students’ soft skills development as describe bellow:  

Collaborate with others 

The learning experience provide opportunity for students to work together in several activities such as in 
the discussion, poster development, debate and laboratory experiment. The classroom observation showed that 
several times of classroom activities in different chemistry topics of  acid-base, reduction and oxidation, and 
colloids, students working closely with their friends to solve the problems and complete their tasks, as their 
statement bellow on their collaboration. 

“While we conducted the debate, we tried to develop our argumentation, and we can solve it together” 
(Students Interview, 25 February 2015) 

Another students said,  

“ We are happy to work together in discuss the ideas, even sometimes we didn’t agree with each other, but we 
discuss it. We also created the poster to represent our ideas” 

 (Students Interview,  25 February 2015) 

Students showed that learning by integrating Socio-critical and problem-oriented approach has been able to 
develop the collaboration between students, especially to apply the concept of chemistry topics that they learnt 
into the social problems in their daily lives. This is  relevant with the government policy that stated that the 
learning process should be organized in an interactive, inspiring, fun, challenging, and motivating students to 
actively participate and provide space for innovation, creativity, and independence in accordance with their 
talents, interests, and physical and psychological development (Permendikbud, No.65, 2013).  Therefore, 
students should be given opportunities to interact with their friends so that students can develop their skills for 
facing the future  challenges and finding new ways to express  their ideas and feelings. 

Empathy Communication 

Empathy communication is required in learning chemistry with socio-critical approach and problem-
oriented when in groups so that students can share their different opinion with other students with mutual 
respect. They learnt to appreciate differences among them, not only within the group, but also with other groups, 
as students statement.  

"Communications are already well established and others can maintain communication to avoid 
misunderstanding" 

(Students Interview, February 13, 2015). 

"Communication is done very well, each member gives an opinion on the material that is being presented" 

(Reflective Journal, February 12, 2015). 

Based on interviews and student’s reflective journals indicates discussing and arguing with each other can be 
seen that students are willing to express their ideas or comments to the group respectively. In addition, students 
can learn to respect to each other and respect the ideas or opinions from other students for learning by using 
Socio-critical and Problem-oriented approach to solve and respond the problems that exist in the article together. 
In this context, socio-critical and problem-oriented approach has been able to bring out the empathic 
communication between students. On the other hand, some students also have negative experiences as stated. 
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" There are still some students who were not paying attention when other groups presented the results of their 
discussion to the class" 

(Reflective Journal, February 5, 2015). 

This negative experiences also followed my questioning what is learning for students, as students think that 
learning in teacher explaining the chemistry concept, not students expressing their ideas in different ways, 
especially through debate.   

Critical and Reflective Thinking 

Critical and reflective thinking are developed when students conducted the group discussion in the issues 
and group debates During the debate, student also learn to listen others before arguing their opinions. Students 
began to reflect their ideas and understand their values and beliefs, before understand others, as students 
statement bellow.  

When I listen different opinions during the debate, I was pretty upset. Actually I prefer to be on pro group, but 
my group was chosen, thus I tried to think critically to find good argumentation to pro on the issue” 

(Student Interview,25 February 2015) 

"While I prefer to argue the opponen, thus when opponents make a statement, I think in order to think critically 
for refuting the statement. But I still appreciate and without emotion " 

(Students Interview, 25 February 2015) 

Most students felt they required to think more deeply to understand the article, so that students can have 
argumentations to hold their views. However, based on the interviews, the students faced the dilemmas when 
they have to disagree with their own values and beliefs. Thus they become aware of their own values and beliefs. 
One of the main goals of learning activities Socio-critical and problem-oriented is the emergence of reflection on 
the problems and social problems in the community to reflect on values, beliefs and attitude through self-
reflections. Students are interested in studying chemistry through problems related to daily lives and thinking to 
use the dangerous chemical products as statement bellow. 

 

After the chemistry learning experienced, I developed new knowledge such as knowing the chemicals 
contained in the drug, the positive and negative effects of  medications which make me being careful to use the 

chemical products” 

(Reflective Journal, February 12, 2015) 

"After learning this, I want to learn more about chemistry in the future and develop innovation to solve 
the problems in the society” 

(Student Interview, February 25, 2015) 

Based on interviews and student`s reflective journals above indicates that the student had positive learning 
experiences as theimplications of reflection on social issues are discussed. Students became more understanding 
of the application of chemistry concepts their everyday life which lead them to be more motivated to learn 
chemistry. 

Self-Confidence and Argumentation Skills 

Self-confidence is one of the implications of  students’ soft skills which was developed within different 
learning experiences, especially when they have to express their ideas. In regular classroom, they used to shy and 
fell embarrassed to speak up their ideas.  Students’ self-confidence are also developed when they have to argue 
their opinion in debate. Dialogue and argumentation took place in debate and discussion. Students develop the 
arguments and exchange the ideas, as students statement bellow. 

"I was confused when asked an opinion, but I tried it and although I can not know if what I said was true or 
not. I became more confidence  to speak in front of the class and motivate to learn chemistry” 

(Student Interview, 20 February, 2016 
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"Today was formed groups to discuss articles that have been given. I cannot wait to debate the pros and 
cons of the articles " 

(Reflective Journal, 11 February 2015) 

"Chemistry lesson was fun for me, I have deep understanding on reducation and oxidation concept” 

 (Students Interview, 25 February 2015) 

The results shows that the Socio-critical learning and Problem-oriented given to give new experience in the 
classroom so as to make the students excited to learning chemistry. 

Creativity 

Integration of the approach has helped students to develop their creativity, not only in finding different 
solution on problems given, but also develop their creativiting in presenting their ideas in the posters, as students 
statement. 

"I know the idea of my friends when making a poster and it enriches my idea. We think of a concept that 
will be included in our poster 

(Students Interview, January 28, 2015) 

Although we made a poster that was not good, but we have triedto find different problem solution to 
defend our argumentations"  

(Reflective journal, January 28, 2015). 

Based on observation, students highly engaged in developing different way of communication in relation to 
presenting their ideas. 

Finally, integration of socio-critical problem oriented has helped the chemistry teachers in presenting different 
methods of teaching. This learning experiences has helped students to develop their motivation in learning and 
understanding the chemistry concepts. The teachers also learn to develop students’ soft skills which is relevant to 
the new curricula. 

CONCLUSION 

Integration of socio-critical and problem-oriented approach in chemistry learning in the topics of 
electrolyte and non-electrolyte, reduction and oxidation, acid and base, and colloid has positive implications on 
students learning. The meaningful chemistry learning experiences by creating relevant socio-critical issues in 
Indonesia context has developed students’ awareness of their society problems and found the solution. Students 
learn to stimulate their critical and creative thinking in finding the meaningful reasons for their argumentation 
which evidence and theoretical based. Debate as new learning experiences has provide opportunity for students 
to develop their self-confidence and argumentation skills within mutual respect environment among the students. 
Thus, this approach has added values in chemistry learning which is not only developing students understanding 
on chemistry concepts, but also students’ awareness for further action within their society problems.  In addition 
in relation to new curricula, development of different issues with different ways of chemistry teaching will 
enrich chemistry curricula and transform of students learning.  
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Abstract: Developmental of biology in the 21st century is known as the "New Biology", in which biology and 
other disciplines integrated each other to solve problems in our life. Developmental of New Biology in the 21st 
century needs to be supported by the good quality of human resources and skills to responsive for problems of 
21st century. One of the skills that required is critical thinking skills. This research aimed to improve biology 
students' critical thinking skills and to describe feasibility study of problem-based learning (PBL) based on 
LSBCAR. This research is a classroom action research that conducted in two cycles. Each cycle consists of 2 
open lessons (OL). Each open lesson consists of 3 stages, namely plan, do and see. The instruments used in this 
research were test sheet and observation sheet. Data of students' critical thinking skills was analyzed by 
calculating the percentage of the mean score which obtained from critical thinking test and then defined its 
criteria. Observation data was analyzed by calculating the percentage of feasibility study in PBL. Results of the 
research showed that percentage of biology students' critical thinking skills at the first cycle is 45.21% (Less 
Critical) and at the second cycle increased to 76.45% (Critical). The percentage of feasibility study in PBL at the 
first cycle is 90.30% and at the second cycle increased to 97.58%. The conclusion of this research is that the 
implementation of problem-based learning based on LSbCAR can improve biology students' critical thinking 
skills.  
 
Keywords: Critical Thinking, Lesson Study, New Biology in 21st Century, Problem Based Learning 

 
 
INTRODUCTION 
 
 Biology is a discipline that has developed quite rapidly in the 21st century. Developmental biology has 
delivered by many innovative researches, so that biology developed to be an approach to solve problems in 
various areas of life (NRC, 2009). Biology, by itself, or be integrated with other disciplines can be a major 
advance to solve problems in the economic and social fields (NRC, 2009). This paradigm is the basis for the 
development of a study called the New Biology. New Biology becoming an approach used to address the 
challenges and find solutions by conducting an effective and innovative research. It aims to solve global 
problems that are the focus of the 21st century, namely food production, protection of the environment, 
renewable energy, and improvement in human health (NRC, 2009). College became one of the institutions that 
play a role in preparing biologists to be able to contribute in supporting the development of New Biology in the 
21st century. AAAS (2009) states that:  
 “Students need to see biology as an evidence-based science as well as understand the basic connections 
among sub-disciplines. The curriculum, therefore, needs to engage students in the process of science while 
presenting biology as a vibrant, active, and relevant field. In the classroom, topics need to be connected to 
students’ lives, experiences, prior knowledge, observations, and interests” 
 A way to make New Biology success, individual scientist especially from biology or other disciplines 
requires deep knowledge. For this reason, we need investment to our students, so New Biology can give them 
initiative to solve real word problems. According to NRC (2009), Biologists in the 21st century need skills and 
abilities to think and contribute outside their disciplinary boundaries. Curriculum in the college should be able to 
create teaching and learning that can present New Biology today. Learning materials should help students to 
develop the skills needed in the 21st century, especially to support the role of New Biology. New Biology 
course, it will help students to develop their critical-thinking skills and increase the interest among 
undergraduates in biology majors (AAAS, 2009).  
 Critical thinking skills are one of the core skills needed for students to be successful life in the 21st 
century (Greenstein, 2013). Partnership for 21st Century (2009) states that to be a human who can survive and 
success in the 21st century, people need four essential components including 1) core subject, 2) learning and 
innovation skills, 3) information, media and technology skills and 4) life and career skills. Science including 
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biology became major subjects that need to be taught to students. One of the necessary skills students need to 
learn in the 21st century is the critical thinking skills. Critical thinking skills are the ability to take the best 
decision in evaluating the information that has been obtained (Anne & Kreitzberg, 2010). Ennis (1985) states 
that the indicators of critical thinking skills consist of the abilities to formulate problems, argue do deduction, 
induction, evaluation, and decision-making.  
 The state University of Malang has an Undergraduate Biology study program that aimed to produce 
graduates who are qualified and have skills to solve problems in society. From observations conducted by 
researchers together with lecturers in general biology courses, it was known that the critical thinking skills 
possessed by students majoring in biology is still very low, it was seen from at least the students who actively 
involved in learning as less active in asking and giving opinions. The students just want to talk if lecturers could 
provide questions to the students. From the observations result, it showed that the biology students' critical 
thinking skills are still low and need to be improved. Based on the observations followed by a discussion with a 
lecturer of general biology course, it was agreed to increase the students' critical thinking skills by doing Lesson 
Study-Based Classroom Action Research (LSbCAR) using problem-based learning (PBL). 
 Problem-based learning (PBL) is a learning strategy that shows the contextual situation of the problems 
that occur in the real world. It aimed to develop knowledge and skills in solving problems. Problem-based 
learning consists of several steps they are 1) orientation of students to the problem, 2) organizing students to 
learn, 3) Guiding students to conduct an investigation to solve the problems 4) develop and present the works 5) 
analyze and evaluate the process of solving the problem (Arends, 2007). According to Newman (2005), the 
essence of PBL is the way how students learn about the problems that occur in the real world and learn how to 
collaborate to solve the problem by involving disciplines or widely subjects. Reyes (et al, 2013) suggests that 
PBL has a role in solving the problems with the use of high-level thinking skills, especially critical thinking 
skills. The conceptual framework of this research can be seen in Figure 1.  
 

 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

Figure 1. Conceptual framework 
 
RESEARCH METHODS 
 This research Lesson Study-Based Classroom Action Research (LSbCAR) was done by applying 
problem-based learning. LSbCAR was a collaborative action that conducted to improve the quality of learning in 
the classroom (Susilo, 2014). This research aimed to improve students' critical thinking skills in supporting New 
Biology in the 21st century. This research was conducted in two cycles of classroom actions, each action 
consisted of 2 meetings. Each meeting was conducted by lesson study which consisted of 3 steps namely plan, 
do, and see. The instruments used in this study consisted of observation sheet and test sheet. Observation sheet 
used to see feasibility study of PBL in each cycle. Test sheet consisted of six written questions that are used to 
measure students' critical thinking skills. Critical thinking skills of students were analyzed based on six 
indicators they formulate the problem, making arguments doing deduction, doing induction, doing an evaluation, 
and decision-making. Each indicator was calculated based on the total scores that obtained, and then calculated 
the percentage. The criteria of critical thinking skills were determined by the percentage that obtained from the 
calculation. 
 
RESEARCH RESULTS AND DISCUSSION 
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The data of students' critical thinking skills through PBL by LSbCAR could be seen in Table 1. The data 
of feasibility study in PBL by LSbCAR could be seen in Table 2.  

Table 1. Percentage and Criteria For Students' Critical Thinking Skills 

 
Table 2. Feasibility Study in Problem Based-Learning 

 1st Cycle  2nd Cycle 
Open lesson I 

(%) 
Open lesson II 

(%) 
Open lesson III 

(%) 
Open lesson IV 

(%) 
Plan Do See Plan Do See Plan Do See Plan Do See 

The 
percentage 
of 
feasibility 
study in 
problem 
based-
learning 
by LS 
  

91,11 90 79,17 97,77 90 93,75 100 96,76 95,83 97,91 95 100 

The 
percentage 
of 
feasibility 
study in 
problem 
based-
learning 
by 
LSbCAR 

90,30  97,58 

 
 Based on the results of research, critical thinking skills of biology students have increased by the 
implementation of PBL through LSbCAR. Research shows that the critical thinking skills of students have 
increased in each cycle of the action. In the 1st cycle, the percentage of critical thinking skills was 45.21% (less 
critical), while in the 2nd cycle, percentage critical thinking skills of students was 76.45% (critical). The 
percentage of critical thinking skills that obtained in the first cycle and in the second cycle came from PBL 
through LSbCAR in 4 times of the open lessons. Based on the results of the open lesson which conducted from 
the first meeting until the fourth meeting, it was seen that the improvement of critical thinking skills increased 
relatively in the first, third, and the fourth open lesson, but it did not happen in the second open lesson. In the 
second lesson open, the percentage of students' critical thinking skills is lower than the previous and next cycles. 
It happened because students have difficulties in identifying the existing problems. In the second open lesson, 
lecturers less encourage students to learn more actively. Critical thinking skills in 1st cycle were classified as less 
critical, it was necessary to act in cycle 2 by reapplying LSbCAR. 
 In the third open lesson and in the fourth open lesson, there has been an increase in critical thinking skills, 
where percentage of critical thinking skills has increased to 65.83 % (critical). While in the fourth open lesson, it 
has significantly increased become 87.08% (very critical). In average, critical thinking skills has increased to 
76.45 % (critical) in the second cycle. The improvement of critical thinking skills was taken from the 
implementation of PBL learning through LSbCAR. This research was supported by the results of studies that 
have been conducted by Zukmadini (2014) which was stated that the implementation of PBL through lesson 
study can improve students' critical thinking skills. 
 The improvement of critical thinking skills performed by an implementation of PBL showed that PBL has 
a role in improving students' ability to think critically, especially in solving real-world problems that were 
oriented on learning activities. This was in line with the opinion of Nielsen and Andreasen (2013) which states 
that PBL can enhance high-level thinking skills of students, one of which is the critical thinking skills. In the 

Cycle Open 
lesson 
(OL) 

Percentage at 
each open lesson 

 

Criteria  Percentage at each 
cycle 

Criteria 

I I 49,37 Less critical 45,21 Less critical 
II 41,04 Less critical 

II III 65,83 Critical 76,45 Critical 
IV 87,08 Very critical 
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problem-based learning, students investigate and evaluate the problem-solving process. To be able to do this, the 
student required the ability to think complex, absolutely it is critical thinking skills. According to Joseph and 
Adeoye (2012), critical thinking skills are one of the skills associated with the ability to analyze and evaluate 
information, and it is needed to resolve the issue. 
 By relating learning strategy to the issues of New Biology such as food, environment, energy, and health 
could help students to learn about the social problems that exist in the vicinity. It could motivate students to 
study more complex in mastering biology, science or other disciplines. According to Yamamoto (2010), New 
Biology initiate students become interested in science so that it can be used to solve real-world problems. The 
role of PBL to increase critical thinking skills needed to support the New Biology approach in the 21st century, it 
indicates that PBL is very suitable to be applied in the 21st century. Barell (2007) stated that the problem-based 
learning is fundamental in developing life skills to face the global situation which full of challenges and changes 
in the 21st century. The people who live in the 21st century need to be equipped with the ability to innovate and 
solve existing problems. Walser (2008) stated that the skills needed by students in order to successfully live in 
the 21st century are the skills to think critically. 
 Improved critical thinking skills in biology students would be very useful to produce biologists who have 
abilities to find innovative research based on New Biology approach. PBL was a learning strategy that was 
suitable to give provisions for critical thinking skills of biologists. According to Osman (2013), problem-based 
learning strongly supports the role of New Biology as an approach to solving today's global problems. In the 
problem-based learning, students can develop critical thinking skills to find solutions to a problem with linking 
other disciplines. According to Kolmos and Erik (2003), one of the characteristics of PBL is learning 
interdisciplinary which related to problem orientation and directly participant process in solving these problems. 
The discovery of a solution to solve the problem can be done by the development of traditional subject-related 
boundaries and methods. It became an important thing and could be developed in a learning to real-world 
problems. 
 Critical thinking skills become very important skill possessed by biology students because these skills 
would be needed to support the New Biology as an approach to solving problems in the 21st century. According 
to the partnership for the 21st-century skills (2009), critical thinking skills is needed for looking the problem in a 
new way and linking learning across subjects and discipline. New Biology concept can be seen in Figure 2. 

“…the essence of the New Biology is integration-reintegration of the many sub-disciplines of biology, 
and the integration into the biology of physicists, chemists, computer scientists, engineers, and mathematicians 

to create a research community with the capacity to tackle a broad range of scientific and societal problems” 
(NRC 2009). 

 
Figure 2. New Biology Concept 

Source: Committee on a New Biology for the 21st Century, 2009 
 
 Critical thinking skills, in relationship to the biology in the 21st century, become essential skills are 
needed for biologists to support New Biology as a way to solve global challenges today. According to AAAS 
(2009), biologist needs new skills, including the ability to think and contribute outside their disciplinary 
boundaries. The existence of biology learning design that oriented to real-world problems in the classroom 
became a learning strategy that could improve students' critical thinking skills. The type of learning material that 
was taught using PBL learning strategy was learning materials related to issues or problems that could be solved 
with the New Biology. Learning which oriented to material related to the issue of the 21st century could improve 
students' critical thinking skills. According to AAAS (2009), New Biology course designs can help 
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undergraduate students in the biology major to develop critical-thinking skills. One of the ways to solve 
international problems, such as global warming and others problem, require highly developed critical thinking 
and problem-solving abilities. 
 Thinking critically was the most important aspect of learning because learning critical thinking leads 
students to develop other skills, such as deeper analytical abilities, and skills to solve problems. Therefore, 
learning that emphasizes on improving critical thinking skills were important for the students, especially for 
biology students. Students could use these skills to solve global problems that were the focus in the 21st century. 
Implementation of PBL to improve students' critical thinking skills needs support from the efforts of lecturers to 
design a collaborative learning. According to Susilo (2014), through collaborative learning that begins with 
careful planning and ending with reflecting the learning activities could improve the quality of learning in the 
classroom. The results of a study from the implementation of lesson study in any class action cycle showed that 
there was an increase in the percentage of students' critical thinking skills as well as the percentage of a 
feasibility study that assessed from three aspects, namely lesson study plan, do, and see. The implementation of 
PBL by LSbCAR could improve students' critical thinking skills was caused by collaborative learning. It is in 
line with a study from Susilo (2014), that PBL learning that is done with LSbCAR can improve biology students' 
critical thinking skills. 
 
CONCLUSION 
 
 PBL learning was not only taught students about various issues related to real-world situations but it 
could improve students' critical thinking skills that would become a biologist to resolve issues involving the 
biological sciences and various other disciplines. This was certainly able to support the role of a biologist to 
contribute in supporting the development of New Biology as an approach to solving the problems in the 21st 
century. The issues that would be the focus of New Biology in the 21st century were the problems related to 
food, energy, environment, and health. Through this learning strategy, students could learn about how to think 
critically and work together to get a deeper understanding in wide areas with others biologists or scientists who 
came from different disciplines. Critical thinking skills are essential skills for biology student to support New 
Biology as an approach to solving the problems in the 21st century.  
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Abstract. Despite limitations associated with short-term sporadic professional development programs, this kind 
of training is the dominant model of professional development or in-service training (INSET) in the Philippines. 
This paper provides an in-depth account of our experiences as teacher educators as we participated in one three-
day INSET program. The objective of this program was to promote pedagogical principles hinged on relational 
understanding by allowing teachers to reflect on their own practice. This paper aims to investigate the extent to 
which we were able to communicate pedagogical principles during the INSET, in a way that has potential impact 
in classrooms. The analysis was framed by Vygotsky’s Zone of Proximal Development (ZPD), in relation to the 
professional growth of teachers. The data suggests that the design of the INSET training was not aligned with the 
teacher’s ZPD, thereby limiting the impact of the INSET in the classroom. Instead, focusing on actual classroom 
needs may actually be more relevant for teachers within a short time frame. Pursuing the more lofty goals of 
developing content knowledge and transforming pedagogical principles to actual practice can be better realized 
in more long-term professional development settings. 
 
Keywords: INSET, professional development, zone of proximal development, Valsiner’s zone theory 
 
INTRODUCTION 
 

Despite criticisms of short-term in-service training (INSET) programs, it has been the dominant model 
in the Philippines for at least the past 30 years (Nebres, 2006), and the current infrastructure makes any 
significant change unlikely. It is thus important to investigate how to facilitate the practical implementation of 
pedagogical strategies introduced during an INSET program. Consequently, this study aims to determine the 
extent to which a short-term INSET program can communicate pedagogical principles and transform teaching 
practice.  

This article provides a rich first-hand account of our experiences as teacher educators who participated 
in such a program. As the authors grappled with the reasons why teachers seemed to find it difficult to relate the 
INSET to their classroom practice, Vygotsky’s notion of the zone of proximal development (ZPD) emerged. 
This realization prompted us to review the literature on ZPD in relation to the growth of teachers. We now 
describe a “learning-through-teaching process supported by reflective practice” (Llinares & Krainer, p. 447) 
whereby zone theory was used a framework for interpreting our INSET experience.  
 
ZONE THEORY 
 

Vygotsky emphasized the sociocultural influences on cognitive development. He developed the concept 
of the Zone of Proximal Development (ZPD) as the region representing the tasks that a learner can perform only 
through the guidance of a more knowing other. While this framework has traditionally applied to students as 
learners, more recent work has applied Zone Theory for describing the professional development of teachers 
(Blanton, Westbrook, & Carter, 2005; Goos, 2008; Warren, Cooper, & Lamb, 2006). These researchers also 
strengthened the role of social interactions in learning by drawing on Valsiner’s (1997) extension of Vygotsky’s 
concept of the ZPD.  

Valsiner (1997) proposed the Zone of Free Movement (ZFM) and the Zone of Promoted Action (ZPA) 
as zones representing a learner’s interaction with the environment. The ZFM defines actions that learners are 
allowed to take while the ZPA represents actions being promoted in order to influence a learner’s actions. 
Theoretically, the ZPA must be within the ZFM, and maximum learning occurs when the learner’s ZPD lies 
within the ZPA. 

Researchers contend that an understanding of teachers’ ZFM/ZPA complex can reveal teachers’ 
capacity for professional development within their ZPD (Blanton et al., 2005; Warren et al., 2006). Using this 
approach, Blanton and her colleagues observed that a teacher may appear to promote something that they do not 
actually allow, in which case the ZPA is not within the ZFM. For example, one teacher appeared to promote 
sense-making but the dominance of procedural short-answer questions she presented left little room for students 
to do their own thinking. To explain this discrepancy, Blanton et al. propose an Illusionary Zone of Promoted 
Action (IZ) to represent promoted actions that are in fact not allowed.  
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A different view is espoused by Warren et al. (2006). In their study, they observed a teacher whose 
lesson seemed to be conducted primarily in the IZ, prompting them to propose a further zone, the Zone of 
Survival, present within the IZ.  This zone may emerge when a teacher feels unprepared to present and organize 
the lesson. In this case, the dominance of the IZ places teachers on the spot—their main focus is shifted to 
“getting out alive”. They may be able to verbalize desirable teaching practices even when they cannot transform 
these theories to practice. In this case, the dominance of the IZ is not seen as a potential for development but as 
an indication that certain aspects of professional development programs may not be within a teacher’s ZPD.  
 
RESEARCH METHODOLOGY 
 

This study was conducted in the context of  a three-day INSET program. This INSET program forms 
part of the annual week-long INSET mandated across all government schools. Such INSET programs are often 
school-wide. It is not unusual to have teachers across all grade levels and all subjects to participate one general 
INSET program. However, in this study, funds from a civic organization made it possible to organize a separate 
INSET for 30 mathematics teachers of Grades 7-10. One author was approached by the organization to provide 
the training, and the two other authors were invited to help design and implement the program. 

The context itself presented several constraints. There was no time for needs assessment, and the 
program had to cater to participants who were teaching varied mathematics courses. As such, it was not possible 
to focus on just a single content area or a specific teaching need. Instead, it was decided to offer an INSET with a 
framework of developing relational understanding (Skemp, 1976) where teachers can be provided with 
opportunities to reflect on their own practice. The plan was to present general pedagogical principles that can 
promote relational understanding in the classroom.  

The first general principle was the importance of cognitive analysis as a pedagogical tool (Cobb & 
Wheatley, 1988). Such a perspective presumes that learners are always rational as they solve problems based on 
their current level of understanding. Errors then become more than just symptoms of gaps in learning but are also 
indicators of how learners construct meaning. 

The second general principle involved the interrelation of conceptual and procedural knowledge. This 
has often been a source of conflict among educators. A consensus is that both types of knowledge form 
important strands of mathematical learning (National Research Council, 2001). In connection, the affordances of 
multiple representations to communicate conceptual and procedural aspects of mathematics were emphasized. 
The structure of the INSET program involved cycles of introductory activities, lectures, and small and whole 
group discussions of the practical implications of the general principles.  
 
Data Collection 
The authors collected a range of data sources, as described below. 
Pre- and Post-assessments. The teachers were asked to respond to an assessment of mathematical pedagogical 
content knowledge (MPCK). The majority of the test items were piloted during a MPCK workshop (Tulao-
Fernando, 2010). 
Work Samples. Small-group discussions often included a writing component where the teachers synthesized 
their views on manila paper. These responses, as well as individual reflections on common student errors, were 
included in the data. 
Evaluation Forms. At the end of each day, teachers were asked what they have learned and what questions they 
might still have. They were also asked to complete an evaluation form at the end of the INSET. This evaluation 
form included Likert items on the logistics, the INSET facilitators, and the particular activities. Open-ended 
questions (e.g., which part was most/least useful?) were also included. 
Field notes. Immediately after each day of the INSET, the authors discussed and recorded the INSET as it was 
experienced. The field notes were both descriptive and reflective (Howard, 1995). It contained personal 
observations and feelings about the INSET.  
Audio recordings. Whole-group discussions were audio-recorded and transcribed. 
 
Data Analysis 
Responses to the assessments and evaluation forms as well as the work samples were typed and organized on a 
worksheet. These, together with the field notes and audio recordings made it possible to cross-reference findings 
and establish triangulation. Using a process of theoretical coding (Auerbach, 2003), each data source was 
initially scanned to get a sense of the data. During the second reading, the three authors individually identified 
codes by noting repeating ideas within the data corpus. They met over a series of six months to discuss these 
repeating ideas, with the goal of identifying a small number of themes and produce a coherent account of the 
INSET program. Three themes emerged from the data, and have been presented in the results. Supporting 
evidence from the set of repeating ideas have also been provided, forming a basis for how each theme was 
generated. 
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RESULTS AND DISCUSSION 
 

This study aimed to investigate the extent to which a short-term INSET program can communicate 
pedagogical principles and transform teaching practice. Three themes emerged from the analysis: (1) the 
difficulty in extending the range of teaching strategies, (2) the incongruence of conceptual and practical tools, 
and (3) the importance placed on non-cognitive aspects of teaching and learning. 
Difficulty in Extending the Range of Teaching Strategies 

Most teachers predominantly ascribed to teaching mathematics as a set of rules or procedures. For 
example, 16 of the 39 responses in the group analysis of student errors and 40 of the 49 responses in the 
individual analysis indicated that the primary strategy for rectifying errors was to help students recall rules. 
Common responses include: 

“[I will] explain to the students that when we divide both sides of the inequality by a negative 
number, the inequality symbol will be changed.” 
“I will let the student recall the meaning of the given expression:  if there are 2 terms in the 
denominator, then the denominators should be distributed, applying the simplification, another 
form of the expression will come up, which is also equivalent to the given expression.” 

One of the pre-test items required teachers to discuss how they will correct a common algebraic misconception 
of adding dissimilar terms.  The majority of teachers adhered to the rule of adding similar terms as shown by the 
following response. 

"I will convince the student that 2 and 3x are dissimilar terms and they are not supposed to be 
added since it violates certain rules in algebra. Explain the rule in adding terms and let him 
find the correct answer." 

Reliance on rules and procedures persisted even after the extensive discussion on instrumental and relational 
understanding (Skemp, 1986).  For example, one teacher shared her strategy for explaining why √20 2√5 and 
not 4√5 as follows: 

“If they are not unique, they’re left inside the house. Four is a perfect square, and if I move it 
out, it becomes a different person. Something like that.”  

Twelve of the thirty teachers utilized rules in correcting students’ misconceptions of certain mathematical 
concepts.  Additionally, giving students many repetitive examples and exercises of the same concept is a 
common strategy shared by the majority of the teachers.   

Teachers valued traditional tasks that can be solved using routine procedures. For example, many 
teachers found it difficult to modify textbook tasks to make them more open-ended and open for investigation. 
During the INSET evaluation, three teachers expressed that “tweaking” textbook questions was not interesting or 
useful because of the difficulty in doing so and because it was not seen as an urgent need for improving 
instruction.   
By contrast, it was observed that teachers were very engaged as they played a Bingo game that involved solving 
linear equations. Although the plan was just to show the teachers how the game is played through a few 
examples, the teachers requested to proceed and actively solved the equations.  

The continued reliance on traditional teaching approaches may also be due to certain weaknesses in 
content knowledge. This was evident in the discussion of the properties of the logarithms, where several teachers 
expressed confusion among the expressions log ∙ log , log  and log . Not surprisingly, these 
teachers said they would give additional drills and recall rules to assist students who found logarithms confusing.  
 
Gaps Between Conceptual and Practical Knowledge 

As mentioned in the methodology, the decision to focus on pedagogical principles rather than specific 
content stemmed from the fact that the participating teachers were teaching different year levels. The data 
suggests that the principles discussed during the INSET were well received by the teachers. When teachers were 
asked to write what they have learned in the end-of-day slips, 16  teachers in Day 1 and 10  teachers in Day 2 
clearly identified aspects that were emphasized during the INSET. Several teachers also indicated that they 
wanted to extend the seminar to at least five days, and stated their appreciation for the knowledge shared by the 
authors. 
However, there are some doubts as to whether the impact can be translated to the classroom. First, many teachers 
found it difficult to reflect on the principles in relation to their own practice.  Their focus was on the topics and 
the activities rather than the teaching and learning principles.  Several teachers mentioned in the evaluation that 
the topics used in the activities were not suitable to the level they were teaching:    

 “The examples do not fit the year level I am teaching.” 
 “There is no focus on only one topic or concept.” 
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They also expected to be given some kind of “cookbook” consisting of teaching strategies and activities instead 
of being given principles and opportunities to reflect on their practice. In the comments section of the evaluation, 
several teachers requested for more sample materials, activities and handouts. One teacher stated that the 
discussions involved very broad topics and that their thoughts should have been evaluated as right or wrong.  
It was also evident that there was lack of appreciation of the principles and ideas that were shared in the INSET, 
as revealed in this comment from one teacher: 

“From my point of observation, the speakers are all good but the focus of the seminar is not as 
interesting as expected. Probably what I want to get from the seminar is to be more informed 
about the strategies applied by their university that can be applied to public schools so that at 
least we can increase our level of mastery.”  

While teachers appeared to agree with the general principles presented in the INSET, they only provided vague 
statements about what they learned from the INSET. Of 28 teachers who completed the evaluation form, 15 cited 
the title of an activity and 7 indicated that all activities are useful: 

“Working with algebra tiles, because it has the least computation.” 
“All the part of the seminar, because I need all of them.” 
Some teachers even interpreted the pedagogical principles as statements to be parroted inside the 
classroom: 
“Our students should not only hear symbols/rules but they should also hear about concepts.” 
“When our students commit this error, we will teach them that not only the symbols should be 
learned but also the concepts. We will also tell them that I will give them concrete examples for 
them to understand the lesson.” 

 
Importance Placed on Non-cognitive Aspects of Teaching and Learning 

The data suggest that non-cognitive factors play an essential role in framing teachers’ decisions.  Fifteen 
responses showed evidence of these non-cognitive elements that teachers consider affecting their decisions and 
actions in the classroom.  One teacher shared that she found the activity on analyzing student errors the least 
useful because “if possible I don't like to find errors in the work of others.”  Another teacher expressed 
reluctance in correcting a student who gives an incorrect answer because it may humiliate them; instead, she 
suggests that another student may be asked to give another answer.     

Many teachers also cited non-cognitive reasons for student misconceptions.  A couple of teachers 
blamed the lack of study habits compounded by media-related distractions while another teacher stated that 
students hesitate to answer because they “are afraid they will be scolded” if they fail to give the correct answer. 
 
Discussion 

Carrying the dual role of researcher and INSET facilitator, we clearly knew what we intended to 
communicate. Based on the results, however, these ideas were interpreted in various ways. This analysis is an 
attempt to explain the difficulties in communicating pedagogical ideas during the INSET program through the 
framework of zone theory. 

The data suggests that teaching for relational or conceptual understanding is largely within the teachers’ 
IZ. Although teachers agreed that mathematical learning involved an understanding of concepts, gaps in content 
knowledge and the reliance on rules and procedures may actually prevent such understanding to surface in 
classrooms. Relational understanding is then a good thing to be strived for. However, implementation may be 
limited to informing students that they should understand concepts instead of constructing a learning 
environment wherein students can discuss and negotiate mathematical meanings. 
The teachers were less accepting of a cognitive analysis of errors. Some even indicated a reluctance to directly 
address errors. Thus, the data suggests that a cognitive analysis of errors is outside the teachers’ ZFM, and thus 
also outside the ZPA. The focus seems to shift from developing conceptual understanding to ensuring that a 
student does not feel hurt or humiliated.  

There were clearly different expectations between the researchers and teachers. Whereas the facilitators 
provided several opportunities for teachers to discuss and reflect on their own practice, the teachers desired 
immediate answers and more specific activities. As with Warren et al.’s (2006) study, the INSET was not 
presented in a form that the teachers could receive. That is, the INSET was not attuned to the teachers’ ZPD.  
The incongruence between the INSET and the teachers’ ZPD makes it likely that the teachers will continue to 
rely on old habits, as is evident in their primarily rule-based explanations for various mathematical concepts and 
misconceptions. As Day (cited by Warren et al. (2006)) stated, meaningful professional development occurs 
when teachers’ knowledge is taken as a valuable starting point and that, “if teachers are forced to choose, they 
will usually revert to their secure established ways of doing things” (p. 549). 
 
Implications 
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Increasing the potential impact of a short-term INSET program is not a straightforward task. Still, it is 
important to understand how to increase the effectiveness of INSET because for practical reasons, it will 
continue to be the strategy for training teachers to be equipped to teach challenging curricula (Nebres, 2006). 
This study presents a significant obstacle that short-term INSET programs need to address. Teachers have 
developed their own ZFM and ZPA over a period of several years, and expecting a significant shift within a 
period of three days is a little too much. One potential avenue for developing pedagogical theories is through 
teaching materials, which teachers often value and appreciate. The teachers in this study requested more 
materials, time, and specific strategies to accompany the discussion, then the development of materials that 
describe classroom activities that are directly aligned with the official learning competencies. Attention to the 
teachers’ day-to-day needs has to be an important focus of a short-term INSET program.  

 
The question remains on how to address teachers’ IZ. Bernardo and Limjap (2012) offer a bleak prognosis that 
short-term programs may, in fact, contribute to the missing link between teacher beliefs and practices. 

 
It seems that teachers think they are doing something progressive when they are actually simply 
doing the same old stuff with some new trimmings. All this may be [an] unintended product of 
sporadic, intermittent, and rudimentary in-service education programs (Implications, par. 4).  
 

Thus, it is not realistic, within a relatively short time, for INSET providers to stretch teachers beyond their ZPD. 
Within such a context, focusing on actual classroom needs may actually be more relevant for teachers. Pursuing 
more lofty goals of developing content knowledge and transforming pedagogical principles to actual practice 
may be realized in more long-term professional development settings. 
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Abstract: Indonesia faced the fact that the ability of mathematical problem solving ability of the students is so 
low. So, like other countries, Indonesia has the program to enhance this ability. The author conducted the 
research for the purpose of developing mathematical understanding ability (MUA) and mathematical 
representation ability (MRA) as the basis for problem solving, This paper described the result of a preliminary 
study to investigate both MUA and MRA of public junior high school (PJHS) grade 8. The population is all of 
the students of PJHS in Medan (North Sumatera) and Bandung (West Java). The samples are 33 students from 
PJHS 3 Bandung and 40 students from PJHS 27 Medan city. The techniques used for collecting data are test of 
MUA and MRA. Data is analysed descriptively. The research results show that the students’ achievement in 
MUA test as well as in MRA test is low. 
 
Keywords: Mathematical Understanding, Mathematical Representation 
 
 
INTRODUCTION 
 
 In order to improve the quality of education, each country seeks to make a good curriculum which is fit 
with the culture of the country concerned. For example, Singapore sets the five pillars of education to support the 
fulfilment of the curriculum (Lee $ Tan, 2004), the US published NCTM (2000), which was preceded by three 
great works of others, i.e., Curriculum and Education Standards for School Mathematics (1989), Professional 
Standards for School Mathematics (1991), and Assessment Standards for School Mathematics (1995). Indonesia 
itself has undergone a change of curriculum several times to fit with the times, ranging from Curriculum 1975 to 
Curriculum 2013 (K-13). Currently, the government urged the schools to return to the Competency-based 
Curriculum (KTSP, 2006). 
 In KTSP 2006, the general objective of education includes laying the basis of intelligence, knowledge, 
personality, character, and skills to live independently and to follow further education. Especially for 
mathematics, the objectives of giving mathematics in school is that students understand mathematical concepts , 
describes the relationship between concepts and apply concepts or algorithms in a flexible, accurate, efficient, 
and precise in problem solving. It implied that the students must be grasp the ability of mathematical 
understanding, mathematical connection ability, and mathematical problem-solving abilities which is in line with 
that proposed by NCTM (2000). 
 The ability of solving mathematical problems is definitely a must since the ultimate goal of learning 
anything is to enable one to solve problems. On the other hand, a student will be able to solve a mathematical 
problem if he/she has the capability of mathematical understanding, connection, representation and reasoning 
abilities. In other words, the ability of understanding, connection, representation and reasoning ability is 
underpinned problem solving. Conversely, when a student works on math problems or solving problem, he/she 
was sharpening the problem-solving ability (Minarni, 2015). 
 The ability of mathematical understanding and representations are the basis of mathematical problem 
solving. In fact, mathematical problem solving ability of the students of public junior high school (PJHS) in 
several countries, including Indonesia, was not adequate. The capability of mathematical representation of PJHS 
students can be seen in TIMSS 2011 (Mullis, 2012). Countries whose students achieve the best score in solving 
mathematical problem are Korea and the State of Singapore, with score respectively 613, 611. Indonesian 
students earned a score of 386, far from these two countries.  
 According to Hiebert and Carpenter (1992), understanding is in terms of the way information is presented 
and structured. A mathematical idea or procedure or fact is understood if it is part of an internal representation 
(internal network). More specifically, mathematics is understood if its mental representation is part of network 
representations. On the other side, representation ability is the ability of the students to represent information or 
problems in the form that make them easier in understanding that problems.  
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Understanding ability can be grasped by the students (Mously, 2004). This ability can be developed 
through five features of meaning-oriented instruction, they are: 

1. Broadening the range of mathematical content to give students a sense of the breadth of mathematics and 
its implications. 

2. Emphasising connections between mathematical ideas. 
3. Exploring mathematics that is embedded in rich and real life situations. 
4. Encouraging students to find multiple solutions and focusing students’ attention on links between the 

solution processes used. 
5. Creating multiple representations of ideas (e.g., drawings and physical objects). 

 In this study, the ability of mathematical understanding and representation are investigated as a goal, a 
process and as a tool through problem solving activities. Through this activity the students demanded to declare 
the problem into a form that makes them easier to understand situation of the problem and understand what is 
required in the problem.  

Some aspect of understanding which are proposed by Anderson (2001) will be used to analysed the 
students’ understanding ability. The aspects are included interpreting, exemplifying, classifying, summarizing, 
inferring, comparing, and explaining. Meanwhile, the following statements adapted from NCTM (2000) are used 
to analyse mathematical representation ability of the students, these are: (1) Visual representation including 
charts, tables, drawings and sketches, and diagrams; (2) Nonvisual representation including a numeric 
representation (number) and mathematical equation or mathematical model.  
 The achievement of various mathematical abilities of the students primarily depends on learning approach 
used by the teachers in the classroom (Slavin, 2006; Ronis, 2008). Until now, it must be recognized that the 
pattern of teaching learning in schools is still dominated by ordinary (classical/conventional) learning approach. 
Such approach puts teachers in a central position in the classroom, so it is called as teacher-center learning 
approach, it means that learning is dominated by teachers through lectures and expository method. The teachers 
rarely trigger the students to analyze in depth about a concept and seldom prompt students to use high logical 
reasoning as proving a principle. The teachers have no time to give the students the opportunities to present, 
communicate, and apply math in the context of everyday life because of too many subject mattes included in the 
curriculum. 
 The students who are taught in conventional classroom would be difficult and could not move forward 
whenever faced non-routine questions or complicated problems which cannot be solved in just one step 
completion. Such learning approach teachers used will not allow the students to gain the ability of problem 
solving or other high order mathematical thinking skills such as reasoning and representation skill. That’s why in 
CBC 2006, the teachers is provoked to use innovative learning approach that enable the students construct their 
own knowledge as proposed by constructivism. When the students are able to construct their own knowledge 
then it can be expected they will be able to solve problems since the process of constructing knowledge required 
patience, thoroughness, perseverance, curiosity, ability to connect prior knowledge with new knowledge. It is 
similar to the process of problem solving.  
 In this research, we investigate whether the teachers know learning approach such as problem-based 
learning approach (PBL) that emphasizes the importance of the students’ involvement in creating or constructing 
their own knowledge (Arends, 2008), whether the teachers know the innovative learning approach such as RME 
(Realistic Mathematics Education), Discovery Learning, Open-ended approach and others. If the teachers know 
such innovative learning approach, do they implement it. 
 The result of interview showed that the teachers did not want to use the student-centered learning 
approach because of it is time consuming and difficult to find the students who want to persevere. Thus, even if 
the teachers are trained and insisted to apply such learning approach, they will go back to use conventional one. 
The purpose of this research is to reveal whether the teacher used the student-centered learning approach in the 
classroom, made material-instruction by themselves, made the instrument of the test at the end of the semester 
(not designed along with material instruction at the beginning of the semester), and whether the students’ 
engagement in learning activity is good enough. But reported here is the main purpose of the research that is the 
topics related to the ability of understanding and ability of mathematical representations of students.  
 
THEORITICAL FRAMEWORK 
 

Learning with understanding is both essential and possible in school mathematics and supported by 
learning principle. The argument in favor of meaningful learning in school mathematics was made and supported 
experimentally as early as the 1930s and has been elaborated since then by many proponents of learning with 
understanding. It has also been corroborated by the results of many recent studies of varying instructional and 
theoretical approaches. Schoenfeld (1992) stated that these studies collectively emphasize the importance of 
having meaning related to learning activities of students of varied ages, backgrounds, and abilities; and reveal 
the need for more instructional attention to sense-making as part of school mathematics instruction.  
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In supporting of learning principle, the research suggests that all students can understand and apply 
important mathematical concepts. Also, this scholarly work emphasizes the merits of students developing 
conceptual understanding, and stresses the importance of the powerful connections established between 
procedures and concepts when one practices this kind of learning. 

According to Marzano and Kendall (2007), understanding involves two related processes: integrating and 
symbolizing of knowledge. Integrating involves reducing knowledge down to its key parts. In technical term, 
integrating is about creating a macrostructure for knowledge usually at a more general level than originally 
experienced, for example identifies the defining characteristics of a generalization or principle.  

The understanding process of symbolizing involves depicting knowledge in some type of non-linguistic 
or abstract form, such as when asked, the student accurately represents the major aspects of details in non-
linguistics or abstract form. For example, to elicit knowledge symbolizing, asked the student to illustrate what 
they consider to be the important aspect of the equation y = 2x using a graphic representation or a table. 

Important statement derived from Hiebert and Carpenter (1992) that define understanding in terms of the 
way information is presented and structured. A mathematical idea or procedure or fact is understood if it is part 
of an internal network. More specifically, mathematics is understood if its mental representation is part of 
network representations. 

In addition, learning mathematics with understanding involves making connections among ideas; these 
connections are considered to facilitate the transfer of prior knowledge to novel situations. Transfer is essential 
because most new problems require solution via previously learned strategies; it would be impossible for one to 
become mathematically competent if each problem required a separate strategy. 

Sierpinska (1994) clarified this by putting forward three different ways of looking at understanding. First 
of all, there is the ‘act of understanding’ which is the mental experience associated with linking what is to be 
understood with the ‘basis’ for that understanding. Examples: mental representations, mental models, and 
memories of past experiences. Secondly, ‘understanding’ which is acquired as a result of the acts of 
understanding. Thirdly, there are the ‘processes of understanding’ which involve links being made between acts 
of understanding through reasoning processes, including developing explanations, learning by example, linking 
to previous knowledge, linking to figures of speech and carrying out practical and intellectual activities. 

Nickerson (1985) examined understanding as an example agreement with experts, being able to see 
deeper characteristics of a concept, look for specific information in a situation more quickly, being able to 
represent situations, and envisioning a situation using mental models. He highlighted the importance of 
knowledge and of relating knowledge: ‘The more one know about the subject, the better one understand it. The 
richer the conceptual context in which one can embed a new fact, the more one can be said to understand the 
fact.’ 

Anderson (2001: 70-75) stated that the students are said to understand when they are able to construct 
meaning from instructional massages, including oral, written, and graphic communication presented to them 
during lectures, in books, or on computer monitors. Students understand when they build connections between 
the ‘new’ knowledge to be gained and their prior knowledge. More specifically, the incoming knowledge is 
integrated with existing schemas and cognitive frameworks. Since concepts are the building blocks of schemas 
and frameworks, then conceptual knowledge provides a basis for understanding. Cognitive process in the 
category of understanding are consisted of interpreting, exemplifying, classifying, summarizing, inferring, 
comparing, and explaining. 

Mathematical representation is a fairly complex cognitive process in learning mathematics, especially 
when such representation is intended to make the important mathematical concepts more easily understood. It 
will be more complicated if representation required to present in various types although it can be used by 
students to help them in developing a more profound understanding and flexible on a concept (Hiebert and 
Carpenter, 1992; Skemp, 1987). 

Carpenter & Lehrer (1999) stated that representation can be classified into two categories, namely internal 
representation and external representation. Internal representation is everything that exists in the cognitive 
structure of students, while the external representation can be poured from the internal representation into visual 
form (picture, table, graph, sketch, symbols) and nonvisual representation such as mathematical equation. 
Representation in the form of words; can be oral or written. Equations can be categorized as a visual 
representation because it involves symbols. 

According to Meira (2002), the students think through some representation models. Representation can 
bridge difficulties in understanding math and can make mathematics more attractive and interesting (not rigid 
and monotonous). Representation helps the students in presenting clearer picture and a better understanding of a 
concept or idea.  

NCTM (2000: 334) stated that mathematical representation will enables the students to create and use 
representations to organize, record, and communicate mathematical ideas; selecting, implementing, and convert 
a form of representation to another representation to solve the problems; using representations to model and 
interpret physical phenomena, social, and mathematical phenomena itself. The following statements are standard 
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mathematical representation process adapted from NCTM (2000): (1) Visual representation including charts, 
tables, drawings and sketches, and diagrams; (2) nonvisual representation including a numeric representation 
(number) and mathematical equation or mathematical model. 

In line with the Principles and Standards for School Mathematics (NCTM, 2000), the school mathematics 
curriculum in Indonesia stressed that the teaching program for kindergarten through grade XII should make the 
students be able to construct a variety of representations and use them in problem solving. 
 
RESEARCH METHODS 
 

The population of the research is Public Junior High School (PJHS) grade 8 in Medan city (North 
Sumatera) and Bandung city (West Java). Sample is randomly selected. There are two samples included in the 
study, one from PJHS 27 in Medan, another one is PJHS 3 in Bandung city. The instrument used to measure the 
ability of mathematical understanding and mathematical representations are two sets of essay tests. A set of 
mathematical understanding test consists of seven problems. Mathematical representation test consists of six 
problems. Math materials tested include Pythagorean rule and linear equation of two variables. 
Aspects of mathematical understanding used in this research are adapted from Anderson (2001), including:  

1. Interpreting: Stating the information in the problem to form a system of linear equations of two variables. 
2. Exemplifying: Giving specific examples of the concept of line equation. 
3. Classifying: Grouping (classifying) an example of mathematical equation into linear equations of one or 

two variables (complementary process of giving an example. 
4. Summarizing: Proposed a single statement associated to Pythagorean rule to disclose the information 

presented. 
5. Inferring: Find similarities or patterns in a given equation to determine the requested equation. 
6. Comparing: Detecting the difference or similarity between two or more lines to determine a requested 

gradient of the line. 
7. Explaining: Constructing and using the causal model of a system. 

 To measure the ability of a mathematical representation, the researchers adapted the standard process of 
mathematical representation process contained in NCTM (2000), these are: 

1. Change the information on the problem to the Pythagorean equation and use the properties of Pythagoras 
to solve problems. 

2. Represent scenario of real life problem in mathematical equation to reach the solution 
3. Create a linear equation of one variable and interpret that equation according to the initial problem. 
4. Using gradient formulation and algebraic manipulation to resolve the problem. 
5. Represent the information or problem into graph or chart and use it to solve problems. 
6. Using the representation of the problem and relate it to the Pythagorean rule to obtain the solutions. 

 
RESULTS AND DISCUSSION 
 
Mathematical Understanding of the Students 
 This preliminary study did not intend to discuss the difference of the students’ achievement in completing 
test of mathematical understanding, but only wants to know whether the findings are in line with the findings of 
TIMMS (2012). And, this study wants to reveal that the students who are taught by conventional teaching 
learning have always had difficulty in completing non-routine problems. For this purpose, we analyse the 
students’ performance in the test. The achievement of Mathematical Understanding Ability (MUA) of The 
Students at PJHS 3 Bandung and PJHS 27 Medan is presented in Table 1. 

Table 1. Mean and standard deviation of  The Students’ MUA
 

School N 
Mean of 

MUA Score Std. Deviation 
Std. Error 

Mean 
MUA PJHS 3 33 11,18 6,267 1,091 

PJHS 27 40 5,40 2,285 ,361 
           MUA Ideal Score Mean = 28 
 As an example of the student performance in MUA problem is presented below. The purpose of this 
problem is to elicit the student ability in giving example as well as contra-example of line concept. 

Problem 2 
Write down the equation of two parallel line and two line orthogonal to each other. Give 
your explanation. 
Answer: 
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Figure 1. Performance of  Problem 2 from Student A at PJHS 27 

 

 
Figure 2. Performance of  Problem 2 from Student B at PJHS 3 

 
 Problem 2 can be categorized as an open-ended problem, so there will be a lot of different solution. Open-
ended problems potentially develop students' skills in the retrieval of knowledge from their cognitive structure. 
This skill will support the ability to provide examples, which is one of seven indicators of understanding ability. 
The solution provided by the student at PJHS 27 (Figure 1) indicated that this student has not understood yet the 
concept of line equation. In particular, he did not know the difference between variables and coefficients 
precisely so that he mistakenly substitutes the value of the variable. Actually, he should substitute a value of 2 to 
coefficient of variable X, not substituted it into the variable X.  
 Solutions provided by one of the students in PJHS 3 (see Figure 2) shows that he has better understanding 
of the concept of straight line. In connection with the instruction to give the example of two parallel lines, this 
student gives the correct instance. This shows that he understands the concept of two parallel lines. On the other 
hand, with regard to the command to write two perpendicular lines, he gives wrong examples. This means that he 
does not fully understand the rule of two perpendicular lines. Many students provide a solution similar to the 
solution shown in Figure 2. In short, the students lack of understanding of the properties of two lines equation 
are probably because of this concept is not store firmly in their cognitive structure as stated by Hiebert & 
Carpenter (1992). 
 The students are not only fluent in giving examples of a concept but they also lack in other aspects of 
understanding ability, such as interpreting, classifying, inferring, comparing, summarizing, and explaining both 
the problems and their solutions. Analysis based on the solutions given by the students for the test of MUA are 
summarized as follows; more than 50% of the students at PJHS 27 Medan get score less than 50 in MUA test. 
While, 30% of the students at PJHS 3 Bandung achieve score above 50%. 
 The statements supported by the data presented in Table 2 that the achievement of students at PJHS 3 and 
students at PJHS 27 are equally below 50 %. These findings support the findings of TIMSS (2012), that is 
mathematical achievement of the students are so low. Interviews and observations reveal the teachers at both 
schools are still applying the conventional teaching approach, while the students’ prior knowledge is not too bad. 
Thus, it can be presumed that teaching approach used by the teachers is responsible for the students’ low ability 
in completing mathematical problems. 
 
Mathematical Representation of the Students 
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Mean and standard error of mathematical representation ability (MRA) of the students at PJHS 3 
Bandung and PJHS 27 Medan are presented in Table 2. 

Table 2. Mean and standard deviation of  The Students’ MRA 
 
School N 

Mean of MRA 
Score 

%of MRA 
Mean Std. Deviation 

Std. Error 
Mean 

PJHS 3 33 7,79 32,46 5,260 ,916 
PJHS 27 40 6,93 24,75 2,683 ,424 

             MRA ideal mean score = 24 
 

 Table 2 presents the achievement of students at PJHS 3 and PJHS 27 in the MRA test. Overall, the 
average achievement of the two classes from the two school do not differ much, which is about 32,46% for PJHS 
3 and 24,75% for PJHS 27. The achievement of MRA test is the resume of the students’ performance. Figure 3 
and 4 show examples of the students' performance in a matter that requires the ability to create charts. 

Problem 5 
A pair of  line are presented below, represent them in chart. Decide which pair is orthogonal and give 
your reason. 
    a.  2y – 4x – 4 = 0 dan y = 3x -3 
    b.   3y + x – 9 = 0 dan y = 3x + 1  

 
Answer: 

 
 

Figure 3. Performance of Problem 5 from Student C at PJHS 27 
 

 
Figure 4. Performance of  Problem 5 from Student D at PJHS 3 
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 It can be seen in Figure 3 that this student has not understand the concept of linear equation. There is 
misconception here, he decided to set zero for variable x, but he did not take any value for variable y, so he could 
not get a pair of ordered number to enable him in creating chart. Meanwhile, from Figure 4 we can see that this 
student has the ability to create chart for equation y = 3x -3 and y = 3x + 1 even though it’s not true. He has 
difficulty in creating chart for equation 2y – 4x – 4 = 0 and 3y + x – 9 = 0. In general, these equation can be 
stated in the form ax + by + c = 0. Actually, he should find two coordinate from these equations to help him in 
creating chart for an equation. It seems hard enough for the students to create chart for linear equation ax + by + 
c = 0. 
 Other results of the research show that some students have the ability to create a table to help them 
solving the problem, but only a few of them has the ability to turn a problem into the form of pictures, graphics, 
or a mathematical equation that will make it easier to obtain a true solution. 
 Few students both at PJHS 27 and PJHS 3 can exactly represent line equation into chart, but overall, the 
students ability in creating chart are so poor. In representing information into chart, more than 50% of the 
students at both school get score less than 50%. While, the students’ score in representing information (problem) 
into mathematical equation at both school is less than 30%, the average of MRA score are respectively  7,79  or 
32,46% for the students at PJHS 3 and 6,93  or 24,75% for the students at PJHS 27. 
 Results of this research also show that the cause of the inability of students in solving mathematical 
representations including the weakness of recalling the existing knowledge in cognitive structure that impact on 
the weakness in transferring knowledge into new situation or problem. That Solution for problem 5 that is 
proposed by the number of the students indicated that they could not recall knowledge about creating chart. 
Marzano & Kendall (2007) stated that the students will not able to recall knowledge if the knowledge is not store 
in strong connection with the existing knowledge in the cognitive structure. 
 The teachers at PJHS 3 Bandung city and PJHS 27 Medan city know that learning approach such as 
problem-based learning (PBL), discovery learning, and realistic mathematics education (RME) emphasize the 
importance of the students’ involvement in creating or constructing knowledge. Through such approach, at least, 
the students’ mathematical understanding and representation ability can be achieved since by implementing one 
of these approaches the students are encouraged to be actively discuss and solve real-life problems. But, the 
teachers still used conventional teaching learning approach because of it is time consume and required them to 
be patient whenever confronted with slow learner students. 
 The ability of mathematical understanding of the PJHS students is low at all, less than 50 %. Provisional 
estimates, it is because of learning factor. At both schools where the initial research was conducted, conventional 
learning is still used. In this study, conventional learning is referred to teacher-centered learning, it means that it 
is the teachers who transfer the knowledge to the students, give some problems and solution, and then students 
are asked to solve similar problems that are resolved by the teacher. Through this learning, the teacher never 
presented non-routine problems, no in-depth discussion about mathematical concept/idea between students and 
teachers. In accordance with the opinion of Ronis (2008), this kind of teaching learning cannot make students 
achieve problem-solving abilities. 
 The results of interview and observation with the students who have finished their work in solving the test 
of mathematical understanding showed that the difficulty the students faced in completing the given problems is 
because they have forgotten the material being tested. This means, the knowledge obtained by the students are 
not deeply embedded in their cognitive structure, and according to Marzano & Kendall (2007) and Anderson 
(2001), it can be because of low ability of understanding. More precisely, Marzano & Kendall (2007) argues that 
only if students understand the knowledge being studied, then the knowledge will be firmly entrenched in the 
cognitive structure of students. 
 Related to the ability of mathematical representation, the data showed that the students’ performance in 
test of mathematical representation is not much different from their performance in test of mathematical 
understanding ability. Mathematical representation ability is the ability to change/translating the information or 
problem proposed to other forms that are different from the original form but has the same meaning with original 
problem. For example, the students insisted to change the information or scenario of real-life problem into 
picture/graphics/charts/table. Actually, the ability of representation can be controlled by the student if he has the 
ability in mathematical understanding, because, according to Hiebert & Carpenter (1999), the ability of external 
representation represents internal representation. If the students’ external representation about a concept is firm, 
then this suggests that the concept contained in the student's cognitive structure is also firm. When the external 
and internal representation well-meaning then knowledge has been embedded with a powerful and has 
established a good network in the cognitive structure of students. 
 
CONCLUSION  
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Based on the research results it can be concluded that the 8th grade students’ achievement in mathematical 
understanding test is categorized as low. The 8th grade students’ achievement in mathematical representation test 
is also categorized as low. 
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Abstract: In the twenty-first century, the use of information and communication technology in the provision 
of counseling services is a necessity and inevitable. It is possible to provide E-Counseling services through 
the availability of internet facility in Syarif Hidayatullah State Islamic University (UIN) Jakarta. Currently 
the number of students, lecturers, and staffs in UIN Syarif Hidayatullah Jakarta is 23,596 people in various 
work units, institutions, research centers, faculty and the Graduate School. Thus, if the counseling service is  
provided in face to face technique, it will require a very long time because of the limited number of 
counselors. The purpose of research is to make the E-Counseling service available for students, lecturers, and 
employees of UIN Syarif Hidayatullah Jakarta by using the Extreme Programming method with Unified 
Modeling Language (UML), Hypertext Preprocessor (PHP), My Structured Query Language (MySQL). 
This application provides counseling service in an effective and user-friendly ways to the students, lecturers, 
and staffs. 

Keywords: Counseling, E-Counseling, Extreme Programming, MySQL, UML, PHP.  

  

INTRODUCTION 

The transformation of State Islamic Institution (IAIN) Syarif Hidayatullah Jakarta to become State 
Islamic University (UIN) Syarif Hidayatullah Jakarta in 2002 has been bringing significant changes in 
educational services as the growing number of students, lecturers, and staffs. UIN Syarif Hidayatullah Leaders 
Report in Leadership Meeting 2013, held on February 6-8 in Jakarta, reported that the total number of students 
by December 31, 2012 was 22,173 in Bachelor Program (S1) and Graduate Programs (S2 & S3) (UIN Syahid, 
2013). 

Data collected by Human Resource Department showed that UIN Syarif Hidayatullah Jakarta has 478 
staffs of various ranks/classifications from Junior Clerk (I/a) to Senior Administrator (IV/e). The number of 
faculty members is 945 lecturers varying from Instructor to Professor (UIN Syahid, 2012). Therefore, the total 
number of students, lecturers, and staffs in UIN Syarif Hidayatullah is 23,596 people. The population is spread 
into many units, such as Rector and Vice Rectors’ Office, Institutions, Centers of Studies, Bachelor Schools and 
Graduate School of UIN Syarif Hidayatullah Jakarta. Work complexity, workload, and work environment vary 
in each unit and moderately depend on psychological conditions of its lecturers, staffs, and students. Lecturers 
and staffs are demanded to give the best quality of educational services, whereas students are expected to earn 
higher grade. Due to those high demands, psychological problems occur among academic society members and 
staffs in UIN Syarif Hidayatullah Jakarta. 

In globalization era which supported by the advanced information technology and communication, 
counseling service has been given not only through face to face counseling but also the electronic platform or 
Electronic Counseling (E-Counseling). The internet service in UIN Syarif Hidayatullah Jakarta is capable to 
cover the E-Counseling service. Because the face to face counseling requires more time yet the number of 
counselors is limited, E-counseling will serve more effectively for 23,596 academic society members and staffs 
in various work units in UIN Syarif Hidayatullah Jakarta. Moreover, the E-counseling will ease academic society 
members and staffs to get counseling whenever they feel uncomfortable to go to face to face service. Therefore, 
the researchers by these reasons are encouraged to develop E-Counseling service model for academic society 
members and staffs in UIN Syarif Hidayatullah Jakarta, to be the efficient and effective counseling service.  
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COUNSELING THEORIES AND TECHNIQUES 
There are a lot of contemporary counseling theories and techniques a counselor can manage in providing 

counseling service to his/her client. According to Corey (1991) and Ehly & Dustin (1989), among many other 
counseling theories and techniques there are Psychoanalysis (Sigmund Freud), Person-Centered theory (Carl 
Rogers), Reality theory (William Glasser), Transactional Analysis (Eric Berne), and Rational Emotive theory. 

The implementation of those theories and techniques in providing counseling service depends on counselor 
and technology user competencies. A general statement of counseling that is often cited says: there is no single 
best theory and technique of counseling because we are dealing with human being who have unique personality. 
The same case happens in teaching; there is no single technique and strategy to teach students with unique 
personality and individuality. For this reason a professional counselor is implied to acquire a lot of counseling 
theories and techniques to work with many client’s conditions and problems. 

Nowadays, the utilization of information technology and communication in providing counseling service is 
inevitable. Forty one years ago Morril, Oetting and Hurst (1974) had predicted this; as illustrated in Figure 1 
below. 

 

Figure 1: The Dimensions of counselor functioning model. Adapted from Morrill, W. 
H., Oetting, E.R., and Hurst, J.C. (1974) Dimensions of counselor functioning. 
Personnel and Guidance Journal, 52, 354-359. 

Based on the above figure, according to Morril et al. (1974), it is clear that  the target of counselor 
intervention includes: (a) individuals-clients seen on a one-to-one or small group basis, (b) primary groups-
groups such as family  and intimate friends  who most  influence the individual’s self-concept, (c) associational 
groups-group based on choice  or chance associations whose “members share a consciousness of similar interests 
or needs and band or join together in some organizational way to pursue those interests”, and (d) institutions or 
communities-collective arrangements of individual who differ from associational groups in that they do not 
necessarily involve  any meeting of the members of the group.  

The purposes of counselor intervention as shown in the Morril model involve: (a) remediation-
intervention spawned by an individual’s pain or by a group’s failure, (b) prevention-intervention intended to 
anticipate and prevent future problems, and (c) development-intervention designed to enhance the functioning 
and developmental potential of healthy individual and groups.  

Furthermore, Morril et al. (1974) mentioned the three methods of intervention are as follows: (a) direct 
service-intervention that requires direct contact  between the counselor and the target, (b)  consultation and 
training- the means by which counselors indirectly affect the target population through allied  professional and 
paraprofessional, and (c) media-methods  such as computer-assisted counseling, video-taped interview, and 
programmed human relations training materials by which counselors enhance and extend their influence.  
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In line with the counselor functioning model, it is clear that in providing counseling service a counselor 
needs effective and efficient media, including the utilization of information technology and communication 
(TIK). 

Baker (2000: 2) specifically in counselor functioning in twenty-first century writes: 
“In the 21st century, school counselor will probably be more effective if they are able to provide proactive 

program that meet and enhance developmental needs, as well as to react to demands for interventions when 
required. They will be challenged to meet the needs of individuals having different worldviews, as well as of 
those sharing the same worldviews. Wide-ranging needs and demands  will probably require flexibility and a 
capacity for counselors to be proactive in providing services that enhance the personal and cognitive 
development of their student clients, help them acquire useful coping skills, and aid them in becoming 
multiculturally competent”. 

This statement supports that a counselor’s contribution for future generation is quite significant. As a 
professional who is morally and socially responsible to the future of nation, counselor is committed to provide 
the best counseling service to client. 
 
EXTREME PROGRAMMING 

There are many types of program to develop E-Counseling model; some of which are Code/Fix, 
Prototyping, Staged Delivery, Waterfall, RUP, and Extreme Programming (Baird, 2002). The researchers to 
develop this model choose Extreme Programming (XP), an agile software development which is also one of the 
agile methods pioneered by Kent Beck, Ron Jeffries, and Ward Cunningham. XP gives more responsive 
development process to customer’s (“agile”) needs than the traditional methods while we develop a better quality 
and most used software which is intended to give a new approach. Other researches demonstrates the utilization 
of agile methodology does not significantly influence the human well-being and work-related aspects. 
Meanwhile, in the agile practice, such as programming, continual integration and frequent release will induce 
team to work closely and experience higher well-being (Omar and Abdullah, 2015). 

XP is an approach which intended to improve the efficiency and flexibility in software development project 
by combining many simple ideas (Beck, 2000). There are four cycles of XP development, namely planning, 
design, coding, and testing. 

 

 

Figure 2: Extreme Programming (Goto, Tsuchida and Nishino, 2014) 

XP attempts to produce software quality which based on two parts underlying quality: the accuracy of 
requirement and the core of product (Baird, 2002). XP allows changing in product’s life cycle and attempts to 
improve the quality by immediately solving problems and providing constant feedbacks for products. XP 
provides the ability to combine the aforementioned two parameters (Baird, 2002). XP recognizes four essential 
values, namely communication, simplicity, and feedback (Crawford et al., 2013). The base values which 
contains inside Extreme Programming are (communication), (simplicity), and (feedback). Below are the 
foundation values that will become the soul in every steps of XP’s software development process (Baird, 2002) : 
 Communication 

XP focuses in a good communication relationship between each team members. Each team member have to 
build a mutual understanding, and it is an obligation to share knowledge/skills in developing software. The 
urge of every high programmers are they have to push and open themselves in working together with other 
programmers to write program codes. 

 Courage 
Each team member and the guarantor of development software has to always own integrity and conviction in 
doing their job. They have to preserve their integrity from pressures in any situations (for ex : from 
clients/company owners). To do anything with integrity, first we must build trust with each team members. 
This trust is what XP is trying to build and invest with other aspects. 

 Simplicity 
One of XP’s base value is simplicity. By using short and simple methods, avoiding complicated methods in 
making design, as well as omitting useless features. Other simple processes will always be XP’s main value. 

 Feedback 
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Giving feedback to each team member or other people who is involved in software development. By always 
express our thought and discuss mistakes which appear in development process. To always listen to other 
partner’s opinion, with this feedback, we will realize which parts are wrong or which software development 
we can improve. 

 Quality Work  
All of the values will end out in a condition to do with high quality job. With a high quality process, it will 
implicate in the result of a high quality software as well. 
 
Khrisna et. al (2013) investigates the development of XP implementation in various projects. He finds XP 

brings benefits, such as customer focus, improved teamwork and communication, estimation prior to 
implementation, simple and clean design, continual testing, and quality assurance. Currently, a new methodology 
has been developed initially from XP, namely Extreme Programming method for Innovative Software based on 
Systems Design (EPISODE). Its development cycles emphasize on planning, designing, coding, and evaluation 
to improve efficiency and creativity of open source software development in smaller group (Goto, Tsuchida, & 
Nishino, 2014). Qureshi and Ikram (2015) also attempt to improve XP. They propose the initial iteration for 
traditional XP method; then, the incremental iteration to fulfil the expected subsystem from milestones; and 
lastly, the final iteration for every milestone completed. 
 
RESEARCH METHODOLOGY 

The purpose of research is to make E-Counseling service available for students, lecturers, and staffs of UIN 
Syarif Hidayatullah. The service uses Morril model (Cube Model) which covers personal social counseling, 
academic counseling, career counseling, and family counseling services by using Extreme Programming method 
development and UML, PHP, MySql as tools. Research method and design are illustrated in Figure 3, where it 
start from the goals, we collect data to support the design and implementation of E-Counseling from observation 
and literature study some online service that already exist in Indonesia. There are several online services that 
provided by certain institution and non-government organization. Refers to data collection, we developed e-
counseling corresponding to conditions in UIN Syarif Hidayatullah Jakarta, where a user such as students, 
university administrative staff and lecturer can use this facility. 

 

 
 

Figure 3: Research Method 
 
 
RESULTS AND DISCUSSION 
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As clearly stated at the beginning of this article, the main purpose of research is to make the E-Counseling 
service available for students, lecturers, and staff of UIN Syarif Hidayatullah Jakarta by using the Extreme 
Programming method with Unified Modeling Language (UML), Hypertext Pre-processor (PHP), My 
Structured Query Language (MySQL).  The next section, it will describe result of each phase of XP. 
 
1. Exploration Phase 

In the context of UIN Syarif Hidayatullah Jakarta, the categories of counseling which are academic, family 
and career are very relevant with the client’s condition (university students, staffs and lectures). Below are the 
short reviews about 4 region counselling service categories :  
a. Personal-social: this service is given to clients so they will know more about themselves, to adapt and 

develop potentials both as an individual or citizen. This service also orientates to help clients that are 
related to their personal-social problems. Consists of stress, worries and confusedness difficulties in taking 
decisions etc.  

b. Academic: This academic service is tightly related with guidance to the right way in studying to overcome 
difficulties in them. Among these academic problems, we can use strategies that are effective, strategies to 
face exams, note taking skills etc. with this academic service, clients are expected to reach their success in 
studying. 

c. Family: This service is related to the client’s family problems in their relationship with parents/children or 
other family members. Their problems are variant, it could be from parent’s rearing, communication 
between children and parents or ways of giving them affection etc  

d. Career: This service is related with job selection in work place. The problems that appear in the working 
world are very variant, some of them are : choosing what kind of job they want to take after they graduate 
on scholar, adapting in work place/company, company’s atmosphere, and interpersonal relationship with 
co-workers etc.   
In this development of counseling service, when the counseling session is ongoing, clients can have one or 

more problems. For example, a client who has an academic problems cannot hide their problems from on family 
whether it is personal or social as well. In facing clients with more than one problem, counselors are charged to 
be capable in revealing their roots of problems and find solutions. With E-counselling system development, it 
will make the ‘Psychology problem map’ that college student, staffs and lectures of UNI Syarif Hidayatullah will 
face.  

This map will become a very important object to analyze more by policy taker in the faculty or head office 
level. Besides that, this map will know how many problems that are completed or not by counselling service, so 
it’s needed to be reconciled/referred by a more competent side.  

The system overview is described in the rich picture, the user story, and metaphor system. Overview of the 
current system can be seen in Figure 4. The current system is illustrated to identify problems. Figure 4 shows the 
complete procedure from register till set up the counseling session. First, student/university staff/lecturer comes 
to the counseling office/clinic and fills the counseling form for arrangement the schedule. After that, counseling 
staff set up the counseling schedule. Finally, the counselor and registrant (student/staff/lecturer) have a meeting 
as counseling service. This service has been eventually developed into a new proposed system in which users 
can get online counseling service. The next section is described about proposed system. 
 

 
Figure 4: Rich Picture of Current System 

 
The proposed system is illustrated in Figure 5. The user reads articles, downloads file, and sends message 

to counselor, then, the counselor replies user’s message. The counselor has obligation for download file, read 
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articles, and input testimonials. Meanwhile, Admin has tasks for manage users, counselors, download, and 
messages, and testimonials. A database server is a part of E-counseling as a back end of a database application 
using client/server architecture. It is a computer program that provides database services to other computer 
programs or computers, as a database storage and retrieval.  

 
Figure 5: Rich Picture of Proposed System 

 
Besides using rich picture, the depiction can be used by System Metaphor. System Metaphor is an abstract 

of the developing system. The result of this stage will be shown in picture 6 :  
 
 
 

                                                                                                       Date 

 

 

 The system developing can be linked as an online system which 
enable users to use a consultant’s service for their problems online 
without having to face them in person.  

 

Picture 6: System Metaphor 

Figure 6 is a future abstract system. User story is an explanation that is gained from interviews with clients. 
In this step, user story is divided to several user stories to describe the overall system development. User story is 
ordered based on the priority needs, just like figure 7.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

STORY NUMBER   : 1                                  TECH ESTIMATE: 20 DAY 

TASK DESCRIPTION: 

 

Creating user database for three levels (student, lecturer, and staff) and for 

administrator 

Creating the counselor management function 
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Task Card 1 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Task Card 2 

 
          Figure 7: User Story Client based on interview 

 
Therefore, the technology used to develop this system ate PHP 5, Web 2.0, HTMI 4.0 and AJAX as the 
language of programming. Because PHP is a language of program that has multi-platform, powerful and 
light, meanwhile AJX is used to hasten data communication to server. MySQL as data storage because it 
could keep massive data with system ranges that can be developed. There are few open source software used 
to integrate the system, and Apache as web server to operate applications in local computers while 
developing it. The Java Script JQuery technology is used to develop this system. Tools that are used to 
develop this application is Notepad++ as editor to make PHP script and JavaScript. If reviewed from the 
study of source worth energy, the developing system needs other sources like humans, servers, computer 
networks and other needed tools. We can find all of those sources in UIN Syarif Hidayatullah Jakarta. Each 
faculty staff can be assigned as admin. On server side, this developing system used server Apache, and UIN 
had used this server already, as explained on tools and technology. To sum up, by reviewing from energy 
sources, this system can be developed. From technology side, this system can be developed by PHP 5, WEB 
2.0, HTMI 40 and AJAX until this application can be distributed through intranet network or cloud internet. 
Other than that, this system is developed with several open source software so it won’t be illegal. Language 
of program which made with multi-platform PHP can run in any operating system. In this research, the 
writer used web browsers such as Mozilla Firefox and Chrome. 
 

2. Planning Phase 
This phase is a technical plan that would be done until the development system has finished.  
The stages are:  
1. Identify the work that would be done based from user story.  
2. Agreeing the space range and rule of system development that would be done. 
3. Planning the launch. 
4. Examine the system that would be done. 

 
 
2.1 Work Identification 

In this stage, the writer will identify the work that would be done to develop this system. The user’s needs 
will be put in user’s story which was made with exploration process. Through user story that was previously 
made, the writer will identify the work and result will be translated inside task cards. Figure 8 pictures Task 
card, where its description written resulted from user story 1. 

 
 

STORY NUMBER   : 1                                  TECH ESTIMATE: 20 DAY  

 

STORY NUMBER   : 2                                  TECH ESTIMATE: 10 DAY  

TASK DESCRIPTION: 

            

 

Creating information board for seminar or training information 
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TASK DESCRIPTION: 

 

Make user database with college student, lecture, staff and admin level. 

Make the function of management counselor. 

Make log in form for each user. 

Make text sending facility. 

Make counselor searching facility with choices of a certain counselor specialist 

    Figure 8: Task Card 1 

 

 

STORY NUMBER   : 2                                  TECH ESTIMATE: 10 DAY  

 

 

TASK DESCRIPTION: 

             

            

Make facilities to give information such as seminar/training activities. 

Make a downloading facility. 

Make news and video article to share information about motivation and self- 
development 

Figure 9: Task Card 2 

 

Picture 9 shows Task card where the Task description written was the result of work translation from user story. 
Pointed in picture 8, user story 1 is the first iteration step, also known as iteration 0. 
 
2.2 Scope Agreement, Needs, and Rule of System Development 

In this stage, writer will agree about the rules of system development to clients who are responsible for it. 
The agreement includes user story and rules of system development. The result from that agreement was Rule 
System Development. It is needed as a border between rights and obligation of system developer with clients or 
both. Besides that, it is needed to avoid non-exact timing. In this case, those agreements are : 

 
  Client can change the suitability of the first system which was made with the needs that they want to 

the developer. 
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 Client’s right is only to see between the suitability system made with the needs that they wanted and no 
rights to be involved with technical issues of the developer.  

 Developer cannot change the system based by their comprehension before they communicate with the 
client. 

 
 
2.3 Launching Plan 

The launching plan is the iteration plan from the developing system. The iteration’s priority was taken 
based from the work’s analysis based by needs. From that, we can take Launching Plan shown in table 1, where 
it was done by two iterations. User story 1 as the first iteration which will be done in the first system 
development. 

 
 

Table 1: Launching Plan 
Story Time Iteration 0 Iteration 1 

user story 1 20 day  √  
user story 2 10 day  √ 

 
3. Iteration Phase 

On the iteration phase, there would be a trial on user story, change of listing program, testing and changes 
from client’s needs. This phase is done to develop the system which made based by client’s needs. 

 
3.1 Iteration 0  

Based on the previous launching, this phase implements iteration 0 which is user story 1.  
The criteria’s are:  

a Access rights based by trials from user. 
b Success trials add, delete, read and update data. 
c Success trials shared data. 
d Trials on upload and download data. 

 
Trial Steps :  
1) Login based by user levels that are college students, lectures, staffs and admin. 
2) Transmit the text process to the counselor. 
3) Research process counselor. 
4) Admin level to add, read, delete and update data. 
 
Success Criteria’s :  
1) When logging in, every module system appears the same like the access rights from user level. 
2) No mistakes or problems from the accessed modules. 
3) Can be deleted, ready to change, update and add inside the system. 
4) Input dan output are resulted like the expectation. 

 
3.2 Design System 

Below is the design system which started from identification of E-Counselling actor. 
a. Identification Actor 

Tabel 2: Identification Actor 
No. Actor Description 
1. Admin People who can manage and organize all data inside counseling 

system 
2. User People who still registered in the system can see, access and do 

counselling process
3. 
 
 
4. 

Visitor 
 
 
Counselor 

People whom can only see some system, but if they register already, 
they can do counseling too 
People who gives counseling service 

 

b. Identification Use Case 
Tabel 3: Identification Use case 
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No Use Case Name Description Actor 
1. Login This use case pictures the input data login activity 

to enter the system. 
User, 
Counselor, 
Admin 

2 Logout This use case pictures process to end and exit from 
the system. 

User, 
Counselor, 
Admin 

3 Counselor’s 
Profile  

This use case pictures counselor’s activity profile 
by user and visitor. 

User, Visitor, 
Counselor 

4. Article This use case pictures activities of viewing article 
data. 

User, Visitor, 
Counselor 

5. Gallery and 
Video 

This use case pictures activities of viewing data of 
gallery and video. 

User, Visitor, 
Counselor 

6. Download This use case pictures activities of downloading 
and counselling. 

User, Visitor, 
Counselor, 
Admin 

7. Event and 
Seminar 

This use case pictures activities of data event 
management and seminars. 

User, Visitor, 
Counselor 

8. Registration This use case pictures the new data creating 
process to register as user. 

Visitor 

9. FAQ This use case pictures viewing FAQ data activities. User, 
Counselor, 
Visitor, 
Admin 

10. Contact Us This use case pictures ‘’Contact Us’’ activities. User, 
Counselor, 
Visitor, 
Admin 

11. Manage User’s 
Data 

This use case pictures data user management 
activities. 

Admin 

12. 
 

Manage 
Counselor Data  
 

This use case pictures activities of management 
and counselor. 

Admin 
 

13. 
 

Manage 
Consultation Data  
 

This use case pictures activity of management and 
consultation. 

Admin 
 

14. Consultation This use case pictures consultation activities which 
is given from the counselor. 

Admin 

15. 
 

Manage 
Reference Data 
 

This use case pictures management and reference 
activity. 

Admin 
 

16. 
 

Manage Media 
Data  
 

This use case pictures management media data 
activities. 

Admin 
 

17. 
 

Manage Data 
Event 
 

This use case pictures management data event 
activities. 

Admin 
 

18. 
 

Manage FAQ 
Data  
 

This use case pictures management data FAQ 
activity. 

Admin 
 

19. Manage 
Download Data  

This use case pictures management data download 
activity. 

Admin 

20. Manage Contact 
Us Data  

This use case pictures management data “Contact 
Us’’ activities. 

Admin 
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Interaction between user and E-Counseling system is maintained in use case diagram as illustrated in 

Figure 10. In figure 10, it is showing the interaction between user, visitor, counselor and admin towards the 
system. Users consists of college students, lectures, and staffs who can see counselor’s profile, articles, video, 
gallery, seminars and even the counselor’s consultation after logging in. Meanwhile, visitor can only see 
counselor’s profile, article, gallery and video, events and seminars. Counselors can answer questions filled by 
user after logging in. Therefore, Admin can fully interact to user or counselor, and arrange the front and back 
part of the system so it could run well. The next process is to build use case narration, a diagram activity which 
pictures activities that are happening inside the system, and class diagram to picture the system’s object 
structure, sequence diagram which used to picture the behavior of a certain scenario followed by: 

 
Figure 10: Use Case Diagram of E-Counseling 

 
 

The next design is to translate analysis task card result transferred to CRC index and user interface design.  
Based from task card 1, there are 4 user levels shown on table 4 below :   
 

Tabel 4: Level user 
Level User Keterangan 
College students College students  All college students  
Lectures  Lectures  All lectures 
Staffs  Staffs  Staffs whom are 

responsible on a certain 
system 

Admin Faculty admin  Person who has the 
position as he head of 
Pusdatin 
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In table 4, college students level are all of the students who are still studying in UIN Syarif Hidayatullah 
Jakarta, lecture level are all of the lectures teaching in UIN, staff level are all of the staffs in UIN who are 
responsible on a certain system, and admin level is every admin in the faculty who manages the system. After 
that, we start to design User interface which forms shapes of faces that users will see. Based on user story, we 
will make a user interface design program shown in picture 11. In picture 11, there is a login form design that 
user uses to enter the system. 

 
 

  

Figure 11: User Interface (GUI) E-Counseling Graphics 
 

4. Implementation 
 In this step, the implementation on technology and programming will be done. The first implementation is 
local server as a simulation before try-outs on the environment server that will be used. The server used to 
develop the system is XAMPP as emulation server. If the XAMPP installation is done, we have installed PHP, 
APACHE, & MYSQL. Next step is to run the service, by running it from the control panel. Next, technical 
process is coding programming. Coding programming was made based on CRC Card design. So, we will make 
coding class log-in, user, counselor and text. Then, there would be a test which code R will be used if the system 
can be accessed by user. A (add) is a process which allows user to change the data they input, D (delete) is a 
process which allows user to delete data they input. After testing, we will process analysis, which is the analysis 
of time estimation, user story and task card previously agreed. The amount of time until we receive the result of 
user’s test agreed with user story made by user’s needs and business process the user’s expected is based on the 
agreement at planning phase. It is summed up that the user’s needs with the system is appropriate and proper 
time estimation and test results matched the agreement. So the system development can continue to the nest 
process, which is the production process. 
 
 
4. Production 
 In this phase, we will produce a phase into the system. The phase starts with a simulation of pre-release test 
which have developed by doing repeated experiments in all applications functions. In this case, the test phase 
will be done by UAT process. UAT list will be shown by table below:  
 

Tabel 5: UAT 
No. Description Status User Snapshot # 

1 Login user page OK  1 

2 User Counselor    
  Counselor List OK  2 

  Find Counselor OK  3 

3 User’s message    

  See inbox OK  4 
  Send user’s message  OK  5 
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4 See article  OK  6 

5 View photo gallery OK  7 

6 See video  OK  8 

7 Download File OK  9 

8 View events and seminars OK  10 

9 Management User    

  See user’s list OK  11 

  Add user  OK  12 

  Delete user  OK  13 
  Edit User OK  14 

10 Management Counselor    

  View counselor’s list OK  15 
  Add counselor OK  16 

  Delete counselor OK  17 

  Edit counselor OK  18 

11 Gallery Management    
  View gallery list OK  19 

  Add gallery OK  20 

  Delete gallery  OK  21 

  Edit gallery OK  22 
12 Video management    

  View video list OK  23 

  Add  Video OK  24 

  Delete Video  OK  25 

  Edit Video   26 

13 Article management    
  See article’s list OK  27 

  Add  Article OK  28 

  Delete  Article OK  29 

  Edit Article OK  30 
14 Event management    

  See event’s list OK  31 

  Add  Event OK  32 

  Delete Event  OK  33 

  Edit Event OK  34 

15 Download management    

  See download list OK  35 

  Add  Download OK  36 

  Delete  Download  OK  37 

  Edit Download OK  38 

 
Picture 12 shows snapshots 1 and 2 for UAT process, from 38 full completed process. Therefore, picture 
13 shows the display of E-Counseling in UIN Syarif Hidayatullah Jakarta. 
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Figure 12: Snapshot 1 dan 2 Proses UAT 

 

 

 
Figure 13: E-Counseling Service System Syarif Hidayatullah State Islamic University  

Jakarta Web Page Display 

 
CONCLUSION 
Confirming to the theories and exposition, it can be concluded E-Counseling system provides easier and friendly 
user counseling and guidance service for academic society members and staffs of UIN Syarif Hidayatullah 
Jakarta. E-Counseling provides information about counseling service and counselor for academic society 
members and staffs of UIN Syarif Hidayatullah Jakarta. E-Counseling is more efficient and effective.  
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Abstract: Effective classroom instruction in mathematics is one of the widely discussed issues. Now –a – days, 
mathematics classroom activity is getting more suggestive than creative in the Nepalese context. The negative beliefs 
towards mathematics, low achievement of students in tests, less motivation of students towards mathematics learning are 
some challenges in context of Nepal. Every mathematics teacher has a significant role to minimize and overcome with 
such challenges. To create effective classroom activities, every teacher needs to consider three components of classroom 
instruction: content, process and product. Ongoing assessment is one of the leading elements under the process of every 
classroom instruction to make it contextual and students centered. Teachers' feedback strategies may have significant role 
in students' achievement in mathematics. Based on these issues researcher conducted the study through survey design 
under quantitative approach to examine the significant differences of teachers' feedback strategies in students' 
achievement in mathematics. By using purposive-simple random sampling techniques, 232 mathematics students of 
grade VIII were taken as sample participants of the study.  The contingency questionnaire with 0.74 value of internal 
consistency was used as the research tool. From the study, the researcher found that the teachers' feedback strategies does 
not make difference in students' learning achievement in mathematics except written and demonstration modalities on 
students' mathematics project work.  
 
Keywords: Assessment, Feedback, Achievement 
 
INTRODUCTION 
 

Feedback refers to meaningful words' that involves comments, constructive suggestions, criticism, opinion, and 
advice, which may play crucial role in holistic development of students’ learning. The researcher's point of view is in the 
line of Freeman and Lewis (2005) who argues that teachers' feedback on students' learning activities is a process, which 
scaffolds and motivates every student in learning as well as it should be positive, clear, informative for every learner. 
Teachers' feedback strategies may have a discursive role in making our basic level mathematics instructional activities 
contextual and global. The proper implementation of educational policies in context of Nepal is very critical. Different 
forms of formative assessment: classwork, homework, project work and tests, is a process used by teachers and students 
during instructional activities that provide feedback to adjust ongoing teaching and learning  and to improve students' 
achievement of intended instructional outcomes (Cowan, 2006; McManus, 2008). Is this happening in context of Nepal? 
It may be a leading concern of research regarding effective implementation of basic level education policies and their 
significance in students' achievement in mathematics.  

Achievement refers to the accomplishment of ‘something’ through self-motivation. Here ‘something’ means the 
articulated learning goals or desired objectives/goals of learning. In this study, ‘achievement’ indicates the academic 
achievement of every student. Achievement is the determination of a student’s academic competencies in related content 
areas, abilities necessary to succeed in school and real-world contexts (Bates, Shifflet, & Lin, 2013). The standardized 
tests and students’ grades/scores of summative assessment are popular techniques to measure students’ academic 
achievement in the Nepalese context. Like the study, National Level Examination (SLC) at the end of grade 10, District 
Level Examination at the end of grade 8 and National Assessment of Students' Achievement (NASA) under Education 
Review Office (ERO) are using the students’ obtained grades/scores in different subjects as their academic achievement. 

However, students' motivation, creativity and assessment for learning practices in Nepali public schools are not 
seem supportive in their leaning improvement (Parajuli & Das, 2013). Is the low achievement of students in mathematics 
due to such instructional practices? This is a very crucial issue to be addressed through academic research but researchers 
have not conducted any research on the issues in the Nepalese context in basic level mathematics education. To address 
the issue, the researcher carried out the study with examining the significant difference of teachers' feedback strategies in 
students' achievement in mathematics.  

In this paper, the researcher introduced the research issue by reflecting the teachers' feedback practices in 
students' learning activities. He reviewed the issue related literature along with the theoretical framework of the study. 
The researcher presented the findings and discussion of the study relating with the literature, theories and previous 
studies. Finally, the researcher concluded the study by addressing the dominant findings of the study.  
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THEORITICAL FRAMEWORK 
 

Feedback is a process, which helps to modify and improve the succeeding action based on the outcome of a 
current action. In this study, feedback means teachers’ feedback to their students based on their educational activities. 
Teachers' feedback needs to use to empower students as self-regulated learners and high performer/achiever (Nicol & 
Macfarlane-Dick, 2006). Feedback is also an integral part of instructional activities, which is necessary for students to be 
aware of status of their learning. Furthermore, feedback needs to be timely and specific to the criteria, corrective nature 
and include suggestions for ways to improve future performance (CERI, 2008). Similarly, Banerjee (2014) found in her 
research study that teachers’ feedback is one of the key turning points in effecting students’ learning. Therefore, the 
quality of feedback is a mainstay of students’ learning progression. In context of Nepal, National Early Grade Reading 
Program 2014/15-2019/20 (2014) clearly states that the teachers’ feedback (remedial support) will be made available to 
students lagging behind in meeting minimum learning competency.  

Teachers' feedback is a powerful component of ongoing assessment, which de/motivates the learners to learn 
progressively. It may be very powerful if carried out well. The power of formative feedback lies in its double-barrelled 
approach, addressing both cognitive and motivational factor at the same time (Brookhart, 2008). Teachers' feedback 
should be informative so the students get opportunities to know their status of learning as well as what to do next learn.  

According to Gilbert (1978) the improper guidance and feedback is the single largest contributors to 
incompetence in the world of work, and a principal culprit at school (as cited in Banerjee, 2014). So, the way to guide 
and provide feedback properly may be challenging for every teacher and stakeholder of education. The effective 
feedback of ongoing assessment may vary in feedback strategies; time of feedback, amount of feedback, mode of 
feedback, and audience of feedback (Brookhart, 2008). Not every feedback may be effective for a particular action. 
Therefore, there should be an effective connection between action of learners and teachers' feedback. The researcher only 
examined the significant differences of two strategies of teachers' feedback; audiences of teachers' feedback and 
modalities of teachers' feedback in the study.  

The researcher used Carol Ann Tomlinson's Differentiated Classroom Instruction and Assessment: Philosophy 
of Differentiation and Lev Vygotsky's Sociocultural Learning Theory: Zone of Proximal Development (ZPD) as the 
theoretical frame of the study. Tomlinson (1999) states that the philosophy of differentiation in classroom instruction 
provides multiple approaches to content, process and product based on students' needs and interests. Furthermore, the 
content, process and product means the input or what students learn, how students go about making sense of 
ideas/information and output or outcomes respectively (Tomlinson, 2001).  

Vygotsky's ZPD shows that there is distance between what a student does alone and with the help of others in 
their learning (Vygotsky, 1978). Learners have some expectation of remedial support from senior or capable peer to 
choose the right way in the span of their learning improvement. In such condition, the support from teachers or capable 
peer has significant influences in students' learning achievement which is called scaffolding in ZPD. According to Wood 
et al. (1967), the scaffolding provided by an expert or adult “enables a child or novice to solve a problem, to carry out a 
task or to achieve a goal, which would be beyond his unassisted efforts" (as cited in Khaliliaqdam, 2014). The Zone of 
Proximal Development (ZPD) is the area where learning takes place through a process of scaffolding and Scaffolding 
occurs when the more expert provides support through a process of interaction (Heritage, 2010) and in addition, the 
teacher’s scaffolding helped students to engage creatively and independently with mathematical tasks (Goos, 1999).  

 
METHOD OF STUDY 
 

This research study followed survey research design for both primary and secondary data. Creswell (2012) states 
that the survey research provides a quantitative or numeric description of trends, attitudes, or opinions of a population by 
studying a sample of the entire population. The researcher collected the required information by administrating contingency 
questionnaire to the sample students and their answers that creates the data to be analyzed (Fowler, 2009). 

How can we select the appropriate sample for the study? Which sample size is suitable for the research? These 
are the common questions in case of research. Cohen, Manion,  and Morrison (2011) state that there is no clear-cut 
answer for the correct sample size, which depends on the purpose of study and the nature of the population under 
scrutiny. The researcher took 232 number of sample students by using Yamane (1967), 1  where, 
n= required sample size, N= total population size, acceptable sampling error (as cited in Polonia 2013, p.8). The 
determination of sample size and procedure for sample selection, the researcher based on sampling frames designed by Ross 
(2000) for designing the national sample for data collection. The sampling frame suggested selecting at least 20 students from 
each sample school for the research.  Therefore, the researcher followed Ross’s sampling guideline and selected 232 students’ 
samples because all schools have above 25 students in grade 8 (District Education Office [DEO], 2014). Furthermore, the 
researcher used contingency questionnaire as a research tool with the value of Cronbach's Alpha 0.74, which is optimal 
(Singh, 2007).  
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TEACHERS' FEEDBACK STRATEGIES AND STUDENTS' ACHIEVEMENT 
 

The researcher examined the significant difference of teachers' feedback strategies (i.e. Audiences: individual, 
group and Modalities: written, oral, demonstration) on mathematics learning process (i.e. classwork, homework, project 
work and tests) and students' achievement in mathematics.   
Audience of Teachers' Feedback and Students' Achievement 

The researcher studied the significant differences between audience of teachers' feedback of formative 
assessment and students' achievement. Furthermore, he examined the significant difference of audiences (i.e. individual 
and group/class) of teachers' feedback on four forms of formative assessment in students' achievement in mathematics. 

Table 1. Feedback in Classwork and Students' Achievement 
Audience of feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Individual 120  38.78 10.91 28.13  
      .929 

Group/Class 96  38.65 11.58 29.96  
 

(Field Survey, 2015) 
The mean difference between two groups of students is in point (0.13). Standard Deviation shows that the scores 

in mathematics obtained by students are not widely dispersed on the basis of audience of teachers' feedback. The first 
group (who received teachers' feedback most of the time in individually on the classwork) of students' achievement was 
found higher than second group (who received teachers' feedback most of the time in group/class on the classwork) of 
students. The Coefficient of Variance also shows that the achievement score of first group was more consistent than that 
of their counterparts. While testing the hypothesis or significant test of the differences, the researcher employed 
independent sample t–test because the audience of feedback of classwork has two independent variables; individual and 
group/class. According to t–test, there was no significant difference between audience of teachers' feedback on students 
and students' achievement at p=0.05 < 0.929. The finding shows that there is equivalent strength of teachers' feedback on 
students whether it is provided individually or in group/class. 

Table 2. Feedback in Homework and Students' Achievement 
Audience of Feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Individual 75  39.36 12.56 31.91  

      .310 

Group/Class 127  37.72 10.12 26.83  
 

(Field Survey, 2015) 
The average achievement score of the students who received teachers' feedback individually on their homework 

frequently is higher than that of those students' who received feedback in group/class. However, the Coefficient of 
Variance shows that the achievement score of the students who received teachers' feedback in group/class was found 
more stable than that of their counterparts.  By testing the significant differences between mean scores of two groups 
through independent sample t-test, the researcher found that there is no significant difference between audience of 
teachers' feedback based on homework and students' achievement in mathematics at p=0.05 < 0.31. The finding also 
shows that there is equivalent strength of teachers' feedback whether it is provided to individual student or to the 
group/class on their achievement in mathematics. 

Table 3. Feedback in Project work and Students' Achievement 
Audience of Feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Individual 27 
 

36.67 8.87 24.19  

      .176 

Group/Class 95 
 

40.38 13.35 33.06  
 

(Field Survey, 2015) 
Comparing achievement scores, the second group of students who received teachers' feedback in group/class 

frequency is higher than the first group of the students who got feedback individually. SD values shows that the 
achievement scores of second group of students are widely deviated from the mean score than the achievement scores of 
first group. According to the Coefficient of Variance, the result shows that the first group of students who received 
teachers' feedback individually on their project work is highly reliable than the second group of students. According to 
the independent sample t-test, the value of p was found 0.176 with 0.05 level of significance. According to the p value, 
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the alternative hypothesis "there is significant difference between teachers' feedback based on students' project work and 
the achievement of mathematics students" is not sustained. It shows there is no significant difference of audience of 
teachers' feedback on the basis of students' project work on the students' achievement.   

Table 4. Feedback in Tests and Students' Achievement 
Audience of Feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Individual 35  37.03 14.14 38.19  

      .471 

Group/Class 179  38.54 10.72 27.82  
 

(Field Survey, 2015) 
The achievement score of mathematics students is highly deviated among the students who received teachers' 

feedback individually than their counterparts. The average achievement score of second group of students who received 
teachers' feedback on different test papers/answer sheet in group/class is higher than the first group of the students. The 
same result was found in Coefficient of Variance (CV). According to CV the achievement score of the second group of 
students is highly steady than the first group of students who received teachers' feedback individually most of the time. 
To test significance, the researcher employed independent sample t–test with 0.05 level of significance. According to the 
result of t-test, the value of p was found 0.471, which is greater than the level of significance. The result shows that 
"there is no significant difference between audience teachers' feedback on the students' answer sheet of different tests and 
achievement of mathematics students" is sustained. It is clear that there is no relationship between audience of teachers' 
feedback of test and students' achievement. 
 
Mode of Teachers' Feedback and Students' Achievement 

The researcher found out the relationship between mode of teachers' feedback on the basis of different forms of 
formative assessment and students' achievement. Furthermore, he examined the significant difference of modalities (i.e. 
oral, written and demonstration) of teachers' feedback on the basis of forms of formative assessment and students' 
achievement in mathematics. 

Table 5. Feedback in Classwork and Students' Achievement 
Mode of Feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Oral 41  40.39 12.95 32.06  

Written 140  37.64 9.80 26.03 .147 

Demonstration 35  41.11 13.68 33.28  
 

(Field Survey, 2015) 
The average achievement of students who received teachers' feedback on their classwork through demonstration 

most of the time is higher than other two groups of students who received teachers' feedback orally and in written. To 
check the significance of the mean difference among these different groups, the researcher employed the one way 
ANOVA test. According to the ANOVA table, the difference between mode of teachers' feedback based on students' 
classwork and students' achievement was not found statistically significant at 0.05. In the table, F-ratio is 1.933 at 
p=0.147. This is higher than the alpha value 0.05. So, the hypothesis "there is no significant difference between mode of 
feedback of classwork and students' achievement in mathematics" is sustained. Therefore, there is no significant 
difference of mode of teachers' feedback of classwork in students' achievement in mathematics. 

Table 6. Feedback in Homework and Students' Achievement 
Mode of Feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Orally 35 38.69 12.39 32.02  
Written 120  38.20 10.18 26.64 .974 

Demonstration 47  38.38 12.48 32.52  
 

(Field Survey, 2015) 
There is not higher difference between the achievement scores of three groups who received teachers' feedback 

based on homework orally, in written and demonstration. The value of standard deviation represents that the scores of 
mathematics is not widely deviated. Similarly, the second group of students' mathematics score is more consistent than 
other two groups which is shown by the value of Coefficient of Variance.  The researcher proceeded with one-way 
ANOVA test for the significance of the mean score of modalities of teachers' feedback on students' homework. 
According to the table of ANOVA the F-ratio 0.027 at p=0.974 is greater than the value of alpha 0.05. Therefore, the 
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hypothesis "there is no significant difference between mode of feedback of homework and students' achievement in 
mathematics" is accepted. 

Table 7. Feedback in Project work and Students' Achievement 
Mode of Feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Orally 18  38.94 12.05 30.94  

Written 53  35.81 6.70 18.71 .005* 

Demonstration 51  43.67 15.92 36.46  
 

*P<0.05                                                                                   (Field Survey, 2015) 
The trend of teachers' feedback on students' project work and students' level of achievement in mathematics has 

been found different. The students who received teachers' feedback on project work in written form scored less. The 
Coefficient of Variance is also found higher while comparing mode of teachers' feedback on students' project work 
through demonstration. While comparing the achievement score of three groups, the third group of students who received 
teachers' feedback on project work through demonstration is higher than other two groups.  To find the significance 
difference, one way ANOVA was employed. According to the table of ANOVA F- value between mean score of three 
groups of students is 5.487 at p=0.005 which is less than level of significance value 0.05. The mean score obtained 
through different mode of feedback of project work is statistically significant. Therefore, the alternative hypothesis "there 
is significant difference between mode of teachers' feedback on students' project work and students' achievement in 
mathematics" is sustained. The finding shows that there is a significant difference between the modalities of teachers' 
feedback based on students' project work and students' achievement in mathematics. There might be several reasons 
behind it.  

Table 8. Multiple Comparisons (Post Hoc Test) of Modes of Feedback 
Mode of feedback  Mode of feedback  Sig. 

Oral 
Written .345 

Demonstration .158 

Written 
Oral .345 

Demonstration .001 

Demonstration 
Oral .158 

Written .001
*. The mean difference is significant at the 0.05 level. 

(Field Survey, 2015) 
However, to conduct the multiple comparison of significant difference, the researcher employed the Post Hoc 

Test. The result of Post Hoc Test shows that there is significant difference between written mode of teachers' feedback 
and demonstration mode of teachers' feedback on students' project work. 

Table 8. Feedback in Tests and Students' Achievement 
Mode of Feedback  Achievements' Score 
Category N Mean SD CV Sig. 

Orally 35  39.40 15.45 39.21  

Written 125  37.89 10.01 26.42 .774 

Demonstration 54  38.52 11.26 29.23  
 

(Field Survey, 2015) 
The descriptive statistical findings show three group of students' achievement in mathematics. Comparing these 

groups, the first group of students, who received feedback orally based on the answer sheet of tests, is higher than other 
two groups. In comparison between remaining two groups of students, demonstration mode of feedback is better than 
written. According to the coefficient of variance, the first group of students' achievement scores is less consistent than 
other two groups and oppositely the second group of students' achievement scores is more consistent than other two 
groups. So based on students' answer sheet the written mode of teachers' feedback is better than other modes according to 
the CV. To check the significance the researcher employed the one way ANOVA test. According to the ANOVA table 
the F-value is 0.256 and p=0.774 which is greater than 0.05 level of significance. The result shows that the alternative 
hypothesis "there is difference between teachers' feedback based on students' answer sheet of different tests and students' 
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achievement in mathematics" is not accepted. Therefore, there is no significant difference of modalities of teachers' 
feedback on students' answer sheet of different tests in achievement of mathematics students. 
 
DISCUSSION 
 

Regarding students' motivation in learning Brown (1994) states that effective learners operate best in their 
learning when they have insight into their own strengths and weaknesses (cited in Tomlinson, 2013).  It may raise the 
question; how do the teachers can know and inform the students' strengths and weaknesses of particular subject matter? 
As an answer to this question Tomlinson (1999) suggests to create multiple approaches in process of classroom 
instruction and assessment, which also supports the findings of the study. Therefore, it is influential if the teachers' 
administrate multiple forms of students' assessment in classroom instruction to analyze the students' strengths and 
weaknesses.  

Informing students about their strengths and weaknesses in particular subject matter and the teachers' feedback 
strategy (i.e. time of feedback) play important role in improving learning achievement of the students (Ajogbeje et al., 
2013), which is also found in the study. The use of effective feedback provides the foundations for learner autonomy and 
a framework for high achievement and addition it is essential as the scaffolding that enhances the students' learning 
(Gould & Day 2013 as cited in McCarthy, 2015). The effective feedback always varies on its delivering strategies 
(Brookhart, 2008). Therefore, this study examined the significant difference of teachers' feedback strategies (i.e. 
audiences and modalities) on the forms of formative assessment (i.e. classwork, homework, project work, and tests) in 
students' achievement in mathematics. The researcher found mixed results.  

In audience of teachers' feedback, the researcher tested the significant difference of group audience and 
individual audience in students' learning achievement. It is better to provide the feedback individually to motivate to 
modify the existing behavior of every learner and it helps to become effective role performer (Ilgen, Fisher , & Taylor , 
1979). On contrary it is better to provide the teachers' feedback in group of peers which helps to promote students' 
learning achievement through the collaborative teaching and learning activities (Kio, 2015). However, with classwork 
and homework, the research findings according to the mean score of students' achievement depicts that it is better to 
provide teachers' feedback individually. It is not same with project work and tests. Furthermore, it is more productive to 
provide teachers' feedback in class or group of students on students' mathematics project work and tests.  

Nonetheless, these all results were not statistically significant. Therefore, there is no significant difference 
among  audience of teachers' feedback (i.e. teachers' feedback in group of students  and teachers' feedback in individual 
or in person to person) on the four forms of formative assessment in students' achievement in mathematics. So the 
findings oppose the controversial results by Ilgen et. al. (1979) and Kio (2015) for improving students' learning 
achievement. However, the teacher's scaffolding (i.e. remedial support or feedback) is necessary for students in the stage 
of ZPD because the scaffolding occurs when the more expert other provides support through a process of interaction with 
the learners (Heritage, 2010). Therefore, it is essential to provide positive and motivational feedback (Erturan-İlker, 
2014) but not necessary to prefer specific receiver like group/class or individual to improve students' achievement in 
mathematics.   

Another strategy of teachers' feedback is the modalities (i.e. oral, written, and demonstration). The researcher 
checked the significant difference modalities on the forms of formative assessment in students' learning achievement. 
Different research found different results on teachers' feedback modalities. Ice, Curtis, Phillips , and Wells (2007) found 
that the oral/audio feedback is more supportive than others to improve students' level of understanding. Furthermore, the 
research findings according to mean value of students' achievement portrays that it is better to provide teachers' feedback 
to students' on their homework and answer sheet of tests orally or through audio modality. The most interesting part is 
that one minute of audio feedback was equivalent to approximately 100 words and provided more in-depth and detailed 
review of students work than other modalities of feedback (Emery & Atkinson, 2009 as cited in McCarthy, 2015). 
However, the modalities of feedback based on the homework and answer sheet of tests were not statistically significant 
i.e. there was no significant difference of modalities of teachers' feedback on students' homework and answer sheet of 
tests in students' achievement in mathematics. Therefore, the teachers may provide effective feedback on the homework 
and answer sheet of tests through any modalities which does not affect in students' learning achievement.  

Regarding level students' perception McCarthy (2015) found that the majority of participants use the 
demonstration or video mode of feedback. Similarly, this research also depicts that the demonstration or video mode of 
teachers' feedback according to the mean value of achievement, is better in students' mathematics classwork and project 
work. Demonstration model of teachers' feedback can be easier to comprehend and act upon (West & Turner, 2015) and 
in addition video-based feedback are more individulised and personalised than text-based feedback (Henderson & 
Phillips, 2015). However, the significant difference of modalities of teachers' feedback in classwork is not statistically 
sustained i.e. there is no significant difference of modalities of teachers’ feedback on students' mathematics classwork in 
students' learning achievement. So, to deliver effective feedback on students' mathematics classwork, teacher may use 
any modalities because the modalities does not affect in students' learning achievement. However, it is not same with 
project work. There is statistically significant difference of modalities of teachers' feedback on students' mathematics 
project work and their learning achievement.   
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Among three modalities of teachers' feedback, written feedback often focuses on mechanical aspects of 
submission such as grammar, calculation, and process rather than concentrating the core of students' work (Duncan, 
2007) but Cann, (2007) states that the demonstration/video feedback can offer a richer format for feedback provision than 
oral/audio or written modalities (as cited in  McCarthy, 2015).  Furthermore, there is no significant difference between 
oral and written as well as oral and demonstration modalities in students' achievement in mathematics. The achievement 
of students in mathematics project work differed significantly on the basis of written and demonstration modality of 
teachers' feedback, which is shown by the findings of this research. Therefore, it is better to provide teachers' feedback 
on mathematics project work through demonstration (M = 43.67) than written (M = 35.81) to improve students' learning 
achievement. 

The teachers' feedback plays crucial role in analyzing and informing students' strengths and weaknesses. From 
effective feedback, students get opportunities to know about their area of proficiency which is more motivational to 
engage them in particular learning task than only grading (Tomlinson, 2013).  Metaphorically, teachers' feedback 
strategies are the parts of a bridge which have a significant role to connect the individual potentiality of the learner with 
the goals of particular lesson. Vygotsky (1978) defined that the role of scaffolding in classroom instruction as the role of 
teachers in supporting the learner's learning improvement and providing temporary support to improve students' learning 
achievement (as cited in Raymond, 2000), which also supports the findings of the study. Therefore, systematic remedial 
support which is called teachers' feedback strategies are more creditable in improvement of students'  mathematics 
learning and achievement, which is also shown by the above discussion.   

 
CONCLUSION 
 

The varieties of students' assessment (i.e. classwork, homework, project work and tests) in their learning process 
are necessary elements to identify the students' strengths and weaknesses in particular subject.  Students are motivated 
when they are informed of their strengths and weaknesses in particular learning tasks, which is possible through teachers' 
feedback. Teachers may provide required feedback in group/class or individual on four forms of formative assessment 
(i.e. classwork, homework, project work and tests), which does not make difference in students' learning achievement in 
mathematics. However, the results are not sustained in feedback modalities (i.e. oral, written, and demonstration). There 
is significant difference of teachers' feedback modalities of project work on students' achievement but it is not the same 
on three other forms of formative assessment (i.e. classwork, homework and tests). In addition the students' achievement 
according to their mathematics project work differed from written and demonstration modalities of teachers' feedback. 
Further analysis depicts that it is better to use the demonstration or video modality of teachers' feedback on mathematics 
project work to improve students' learning achievement. 

To create effective classroom environment for mathematics learning is not an easy task for every teacher. The 
multiple forms of formative assessment during classroom instruction are a road map for every student and teacher to 
create students centered classroom environment especially in mathematics. A teacher may create both types of classroom 
environment; motivated and demotivated. So, teacher has significant role to motivate the learners in particular learning 
task by analyzing and informing their strengths and weaknesses. It is possible by administrating the multiple forms of 
formative assessment to the learners and informing their strengths and weaknesses in particular learning task. The 
information delivery processes or strategies are also equally important in students' learning de/motivation. Teachers' 
minor mistake may create long term effect on students' motivation toward learning. So, teachers should be careful 
enough about students' learning motivation by providing constructive feedback on their learning activities. Therefore, the 
multiple forms of formative assessment and teachers' systematic support or feedback strategies are most persuasive 
elements of every classroom instruction to improve students' learning achievement, which is a dominant conclusion of 
the study. 
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Abstract: This paper is a breakdown of the ways which technology, in particular, simulation has changed the way we 
can teach and learn. It looks at the various technologies currently available, together with how they are used presently, 
and the possibilities for future development. Technology is progressively used far more within the workplace, hence the 
uptake of technology within the education sector is paramount. As the equipment used within the workplace has become 
more sophisticated so has the way in which people train to use it. Hence simulation is more widely used, often prior to 
the novice being allowed to lay hands on the actual equipment. This provides a safer and cheaper alternative, as well as 
potentially saving injury to both themselves and their future customers. The training aids adopted range from simulators, 
such as those used in pilot training, to role playing within a virtual environment. The theory behind some of the 
simulation tools and the history of their development is also included, together with a forecast into possible future 
developments. There are also problems when technologies replace the actual equipment, these are also highlighted. 
Studies have been done to assess the student’s perception of simulated versus actual environments with mixed results, the 
factors which influence these will also be examined. 
 
Keywords: Technology, simulation, education, training 
 
INTRODUCTION 

As the workplace becomes more technology focused educational institutes have to adapt to include the newer 
technologies. This paper looks at the use of one of the modern technologies, simulation, and the way this relates to both 
the workplace, and within education. These tools along with other technologies are being assimilated into a few 
educational institutes within New Zealand. Simulation encompasses a large range of tools from virtual worlds to 
specialist simulators such as flight or space pilot. There are even examples of simulations which use little or no 
technology such as the Assessment Centres operated by Alvin Lum (2005) in which technology in the form of cameras 
and microphones are used to assess the suitability, and train potential employees, but not the Internet. 

The use of simulation software has been in use for a large number of years to model projects where it is either too 
expensive or inconvenient to build physical models. Computer simulation began during World War II with the 
continuous Monte Carlo Models which produced graphs from data. Discrete simulation probably began in the late 1940s 
(Nance & Sargent, 2002).  In 2009, the Institute of Operations Research and Management Sciences undertook a survey of 
simulation software. The products they were interested in should be able to run on personal computers and to perform 
discrete-event simulations. There were 48 products from 26 vendors (Swain, 2009). This gives some indication of the 
proliferation of such software. 

The differences between the three terms games, simulation, and 3D Worlds are that a 3D world is a graphical 
environment where the player can become completely immersed, yet does not have to bear any resemblance to reality, 
simulation is an attempt to mimic reality and a game is more of an activity with set goals and rules (Shepherd, 2007). The 
Venn diagram shown in Figure 1 indicates how these three intersect and the effects of that intersection. This paper 
concentrates on simulation although some of this simulation is influenced by gaming and 3D worlds. 
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Figure 1 Venn diagram  Source (Shepherd, 2007) 

 
Types of Simulations 
Virtual Worlds 

3D digital graphics allow artists to express themselves using animations. which has become very popular, giving 
rise to a large number of applications such as Maya or Cinema 4D (Danaher, 2005). There are two main styles of 3D 
environments, those which adhere faithfully to natural phenomena, and those which do not; second life is an example of 
the latter.  There are now blended environments which incorporate multi-media with communication tools such as chat to 
give an overall immersive experience (Chard, 2006). 

One area of the application of digital 3D graphics is in virtual worlds. A virtual world is a computer based 
simulated 3D environment which allows users to inhabit and interact with each other (Kumar et al., 2008). The most 
famous example is Second Life, where people can join the community and even invest real money, which is then 
converted into the currency used within the virtual world. It is a totally fabricated world and allows its members to 
represent themselves as a software agent (bot) or graphical agent commonly known as an avatar. A 3D world which is 
true to an actual real life environment or situation is a 3DSim, but as this paper is only interested in these, it will be 
assumed that all Virtual worlds referred to within this paper are in fact 3D sims.  

Industry have embraced this technology in a number of ways, one of which is in the planning of their factories to 
allow optimisation of layout to give the highest efficiency, and cutting down lead time between various operations 
(Waurzyniak, 2015). They do this by importing the data and modelling the real life processes, as in the example 
portrayed in Figures 2 and 3 which were used in a chocolate factory to create a “virtual factory” (Back et al., 2010). In 
the 1980’s the only tools available to help with this type of planning was diagrammatic and textual based. 
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Figure 2. An Avatar in the Virtual Factory Source (Back et al., 2010) 

 

 
Figure 3. The Real Factory Floor Source (Back et al., 2010) 

 
Interactive Task Oriented Simulation 

Simulation is one of the tools used for gaming, and as a training tool in a number of areas such as operating 
machinery, flying planes and driving. In these cases a virtual environment is built, providing a number of scenarios, 
which the operator may experience in real life. This allows a semi-automated system to enable and test the person’s 
ability to act appropriately, thus eliminating the need for risking expensive equipment as well as preventing harm to 
people, equipment, and the environment. Multiple attempts at a solution may also be allowed, which fine tunes the 
problem solving aspect of the training and encourages the critical reactions necessary to become an automatic response 
making them faster and more appropriate. 

Trades can also use simulation to allow a safer environment for people to learn in. Figure 4 shows the equipment 
used to train welders at all levels. These may include those who are experienced and are checking their technique before 
attempting their regular certification, and novices who have no previous experience or expertise. 
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Figure 4 Welding Simulator source (Electric, 2016) 

When the researcher had a go on this equipment, the trainer explained that they use this to train the muscles and 
teach techniques, before allowing people on the real equipment. The personal experience of the researcher can support 
the claims made by the equipment manufacturer that it teaches such things as: Body position, Gun angles, Travel 
speeds, Gun position and Welding techniques allowing her to achieve 80% in all of these, thus allowing clearance to 
progress onto the live equipment, which is still to be achieved. 

Simulation is used extensively within health care both as a means to predict outbreaks of disease and subsequent 
progression of these outbreaks, and training students to perform specific procedures without the associated risks. People 
can practice procedures on manikins which react to the treatment in a similar way to a real patient, thus minimising the 
risks associated with practising on a real person. There is also research being undertaken into the use of simulation to 
perform procedures and operations from a distance, allowing specialists to widen their geographical impact. The progress 
in this area is progressing at a rapid pace with diagnosis and some treatments already being performed this way. A 
medical practitioner cannot be an expert in every field, so these methods allow the experts to become available to a wider 
group of people. 

Simulations as a research tool are also becoming more popular, with the rapid development of computer 
modelling to test possible theories before trying them on more expensive equipment. The processes which are being 
simulated can be run multiple times, change a number of different variables, and observe the effects of these changes on 
the outputs. This cannot often be achieved easily using other methods (Berends & Romme, 1999).  
Other uses of Simulation 

When the weather prediction is given on the TV or Phone, the predictions have been modelled using simulation 
and taking previous weather patterns and looking for trends or past experience. Climate change prediction also uses 
simulation to attempt to show the effects of climate change. The prediction of election results also uses simulation 
together with mathematical models to attempt to predict the outcome. All of these, as with any computer based software 
rely on the correct factors and data being input. Sometimes some of these are incorrect or missing vital pieces of 
information, which have an effect on the results, thus giving an incorrect prediction. 

A lot of simulation is used both in space training and training for expeditions into unfamiliar territory. This 
includes preparing the astronauts for space travel, and testing equipment to be used within alien environments. There are 
also programs which act as a tour guide through space. The original computer games were based on space travel with 
Space Invaders being one of the earlier ones. These games have become more sophisticated and use simulation tools to 
try and reproduce the experience of space for the user. Some are more true to life than others. 
 
Impact on Education 

Virtual environments have been used within education for a number of years now, giving people access to parts of 
the world, or historical events they would otherwise not have been able to experience. Even the teachers are using 
simulation tools to train and learn how to handle specific behaviour within the classroom before they enter one in real life 
(Bouki, Mentzelopoulos, & Protopsaltis, 2011). This means that when a similar situation arises during a teaching session, 
the teachers who have been exposed to these simulations are more likely to act with confidence and implement 
appropriate solutions. 

Technology is now an integral part of society, so the people who maintain and build this technology are in high 
demand. There is a real shortage of qualified people with appropriate skills worldwide, so any aid to training people in 
this field is an asset, and considering that simulation makes extensive use of technology it makes sense to use it to train 
technologists. Simulation software allows students to watch how their changes to equipment affect the overall running in 
real time. This helps in the training in such areas as hardware design and development, architecture and operating 
systems (Black & Komala, 2011). 
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In his case study, Alsaaty (2014) showed that the students’ results improved after using the simulation game. This 
game was designed to enhance their knowledge of business processes by allowing them to manage a virtual company. 
The number of functions was variable, which allowed the game to be played at different levels of complexity making it 
valid for all levels of students. 

As part of this research, the researcher was invited to look around the simulation labs within the health faculty of 
her institute, by the person who designed and operated them. A few observations were made by the lecturer involved, 
which were that not all uses of simulation are positive. One example of negative influence which he quoted was of a 
student who, as part of the simulation killed a patient, and was told they had killed the patient and to go home and think 
about it, which provided little or no learning, in fact, it could have prevented them from returning to the course. This 
strongly indicates that if simulation is to be used it must be managed appropriately and incorporating good constructive 
feedback. The recommendation is to video record the scenarios while the student is performing them, and then use these 
videos in a debrief session to indicate positives, and the areas where improvements could be made. The equipments 
shown were manikins with a wireless connection to a booth, which was not visible to the students, but where the 
instructor could watch and act as the voice of the manikin when questions were asked about symptoms. Some symptoms 
such as pneumonia or seizures could be triggered by the instructor. The researcher has been invited into this booth when 
simulation classes are being held. Actors are also used to mimic other patients and relatives to provide distractions and 
give a more realistic environment. 

Another way of using simulation is by using virtual worlds. One method is by allowing a number of different 
students to inhabit together in a virtual world, which acts as a real life environment. These students could conceivably be 
from different cultures, geographical areas, and be part of different courses. This fosters such things as communication, 
team work, and the how independent the students are. When assessing simulation tools the following criteria must be 
considered: 

 Number of participants allowed? 
 Level of structure – variations, dependencies etc. 
 Educational objectives – what are the learning outcomes? 

In order for these to be satisfied the factors of communication, interactivity, setting and recording capabilities have to be 
considered (Chodos, Gutierrez, & Stroulia, 2012). Ideally these simulations should be able to be adapted for the various 
departments within the healthcare environment for example: ER, Psychiatric, Post OP and ICU. 

In all these cases simulations do not replace real work experience but allow the students to be able to practice in a 
safe, economical environment before they enter the real environment. Hopefully this will mean a lower overhead in 
materials, lives and equipment damage. In theory, it should also reduce stress levels for the students as they will already 
be familiar with the procedures. As the instructor who taught wielding said “They teach muscle memory” so some things 
will be second nature by the time the student arrives on the job. 
 
Future Possibilities 

Over a great number of years simulation has developed from partial simulation on a single platform to a multi-
platform, multi-user and distributed system. This means that it has developed into its own separate discipline (Sun & 
Wang, 2008). As electronic communication becomes more reliable and faster, the ability to develop simulations which 
are closer to real time and real life will be greater. The processing power needed to drive such systems is becoming freely 
available and the trend for more processing power to become cheaper has not stopped. The number of systems available 
is growing by the minute, but as with all software development the quality is dependent on the ability of the people 
developing this software. 

Virtual reality is becoming more main stream as the hardware gets smaller, lighter, and cheaper. It is possible to 
gain a virtual reality experience with a smartphone and a set of cardboard glasses known as google cardboard. 
Development on these Virtual Reality platforms is growing, thus giving more options for the user of the hardware. 
Mainstream media are currently experimenting with 360 degree cameras to enable their productions to be viewed in a 
virtual environment. Think of some of the futuristic television programs such as Star Trek or movies such as the Matrix 
series, how far are we from realising the tools available within them?  

The main aim of the current research seems to be to bring all the available ideas and tools together to provide a 
rich and user friendly system in as many areas as possible, while reducing the cost of these tools. The future looks very 
exciting, and if the speed of the past developments is anything to go by, these ideas will permeate through all aspects of 
our lives. Education appears to have taken up the challenge of using modern technology, and is embracing it at all levels 
as a means to produce better prepared graduates. These developments also allow for opportunities to open up education 
to more of the worlds’ population. 
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ABSTRACT: Mobile learning is fast becoming a global phenomenon, resulting in a change to the way education is 
being delivered.  As society is now experiencing ‘mobility’ in all senses of the word, it is unsurprising that mobile 
devices are being used by both learners and educators as a natural extension of the tools and technologies available to 
enhance the learning environment.  Rather than being a sole delivery method, mobile learning aims to provide another 
layer of support to the students’ learning experience, alongside other delivery methods to enhance and support the 
learning process. This paper describes the results of a study carried out in a New Zealand tertiary institution which 
investigated whether the learning environment could be enhanced through the use of mobile technologies and therefore 
enrich the student learning experience in a tertiary environment.  Open ended questions and focus groups were used to 
gather perceptions of the students’ experiences of the mobile enhanced learning environment.  The analyses confirmed 
that the mobile enhanced learning environment was a positive one and that the increased levels of communication 
relating to both the learning content and administrative matters was found to have made a difference to their learning 
experience. Students’ responses also highlighted issues that educators need to pay attention to when using mobile 
technologies.  The issues raised suggest that a consistent and planned approach is needed when designing, planning and 
implementing a mobile enhanced learning environment. 
 
Keywords: learning environments, mobile learning, students’ perceptions 
 
 
INTRODUCTION 
 

In this study, a modified form of the Web-based Learning Environment Instrument (WEBLEI) (Chang & Fisher, 
2003) was used to examine the effect that mobile devices have on student outcomes and the learning experience in a 
tertiary environment.  The WEBLEI was modified and renamed the Mobile Learning Environment Instrument 
(MOBLEI).  This modified learning environment instrument was used to gather quantitative data about the associations 
between students’ perceptions of mobile technology enhanced learning environments and student outcomes in a tertiary 
environment that uses different delivery modes: online; face-to-face; and blended.  To obtain qualitative data, open ended 
questions were included in the MOBLEI and students were invited to take part in focus groups.  This paper discusses the 
results of the qualitative data that were analysed for this study. 
 
BACKGROUND 
 

While there are many different ways to integrate technology into classrooms, it is important that they all focus on 
learning theory and educational practices.  The use of technology should not occur without thinking about how people 
learn best (Jackson, Gaudet, McDaniel, & Brammer, 2009). Clark and Mayer (2011) point out that too much of a focus 
on the role of cutting-edge technology may result in ignoring the role of the learner.  Mayer (2009) believes in a learner-
centred approach to learning with technology and holds that technological innovations require adaptation in ways that 
will support learning processes.  As most tertiary institutions are experiencing rapid technological changes, continuous 
shifts in the learning environments, and a new generation of students exhibiting more advanced technological skills 
(Keengwe, 2007), it is important to consider the opportunities and challenges that educators face in order to effectively 
use technology to enhance learning. 

Many technologies used in higher education today include the use and application of methods such as e-learning, 
online learning, web-based learning or blended learning, each often in combination with learning management systems.  
Oblinger and Oblinger (2005) assert that as technology changes, educational institutions must also adapt to these changes 
and that the notion of classrooms as a physical space only, needs to evolve to a concept of learning spaces that are not 
limited to floors and walls.  However, it is important to note that for those students still engaging in face-to-face learning, 
expectations do include being taught knowledge and expertise from a teacher, but additionally these students expect 
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teachers to use technologies to enhance and support their learning.  “The use of technology in higher education should 
enrich and extend the student’s exploration of new territory. Educational technologies are of little value if they do not add 
richness and dimensionality to the experience of learning” (Weigel, 2002, p. xiii).  Reimer (2005) believes that it is not 
the technology itself that is improving student learning, but rather that the students’ needs are being better met through 
the use of technology.  Hagner and Schneebeck (2001) state that higher education institutions are challenged with 
creating a new institutional environment to accommodate and promote the use of these new technologies. 

Rickards (2003) believes that while information and communications technologies can enrich the learning 
environment and enhance learning, it is of paramount importance that the teacher effectively facilitates the experiences 
and responds to individual student needs.  He also holds that technology cannot replace the role of the effective teacher 
or facilitator completely – it only enhances what an effective teacher can provide in a classroom.   Technology in higher 
education may work most productively as a learning tool, not only when it is being used, but when reflection takes place 
as to how and why it is being used (Snart, 2010). 

While the notion of using technology in higher education is not a new concept, the application of the latest 
information and communication technologies have the potential to make a positive impact on the learning experience.  
There are issues such as pedagogical appropriateness that need to be considered and as Beldarrain (2006) points out, not 
all technologies are appropriate for every situation - it is the responsibility of the instructional designers, administrators 
and technology experts to determine which tool offers the best solution for the particular learning environment.  

Cochrane (2007) notes that as mobile devices are inherently social and because today’s learners are constantly 
connected to their social networks, educators have the opportunity to harness the educational potential of such an 
environment.  Ally (2009) believes that as more and more people use mobile technologies to complete everyday tasks 
and transactions, they will also demand access to learning materials using mobile technology.  Swan, van’t Hooft, 
Kratcoski, and Unger (2005) conducted research which indicated both teachers and students respond favourably to 
handheld devices, and that the students are more motivated, collaborate and communicate more, and benefit from having 
a portable and readily accessible tool. 
 
METHODOLOGY 
 

This study was undertaken in a New Zealand tertiary institution, where the researcher’s role was to develop a 
learning environment instrument (MOBLEI) and analyse and report on results.  Lecturers were asked to be active 
participants by administering the MOBLEI and by texting the identified student groups.  The lecturers used texting 
software in order to send texts directly from their computer keyboards.  A purposive approach to sampling was 
undertaken.  All students enrolled in the courses being surveyed were invited to be included in the study and no 
differentiation was made on the basis of ethnicity, age or gender.  These students were categorised into one of three 
groups according to their mode of learning: online, blended, and face-to-face.  The online students received all their 
learning resources via the web, while the face-to-face group of students attended classes on-campus and their delivery 
mode was a combination of lectures and practical classes.  The students studying in a blended mode of learning 
completed their studies off-campus and used resource-based materials such as workbooks. The quantitative data were 
gathered by utilising a learning environment instrument in which scale items were classified and coded. The qualitative 
data were obtained through the open-ended questions within the MOBLEI and follow-up focus group questions. While 
this research used both quantitative and qualitative methods to gather data, the focus of this paper is to discuss the results 
of the qualitative data. 

Open-ended questions are particularly useful when there are a range of possible answers and where the researcher 
may not be able to predict all the possible answers.  The use of open ended questions therefore enables participants to 
give a free response rather than restricting them to a choice from among stated alternatives (Ary, Jacobs, & Sorenson, 
2010). 

Focus groups are particularly useful to identify any qualitative similarities and differences among participants in a 
research environment where a rich body of data can be gathered.  This is due to participants being able to respond using 
their own words, expressions, thoughts and feelings (Stewart & Shamdasani, 1990).  Participants for the focus groups 
were invited to take part by indicating their interest on a separate sheet when completing the MOBLEI. 
 
 
RESULTS AND DISCUSSION 
 

Open-ended questions were included at the end of the MOBLEI designed to gather further comments and gain a 
richer understanding of the perceptions of students around the use of mobile technologies and the associated benefits, 
advantages or disadvantages to their learning experience and environment. 
The four questions in the open-ended comments section of the MOBLEI were as follows: 
 

1. What other mobile devices, apart from your mobile phone, would you like to use while studying? 
2. What are the advantages that you have encountered of studying in a mobile enhanced environment? 
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3. What are the disadvantages that you have encountered of studying in a mobile enhanced environment? 
4. Are they any suggestions to improve the delivery of the course in a mobile-enhanced mode? 

Question one asked students what other mobile devices, apart from their mobile phone they would like to use while 
studying.  From the 28 responses to this question, many students indicated that they were satisfied with just using their 
mobile phones.  Eight students noted laptops as being their next preferred mobile device.  Four students noted iPods as 
being useful, with another three mentioning iPads or tablets. 

The literature points to a new generation of students who are exhibiting more advanced technological skills 
(Keengwe, 2007) and who will expect teachers to use technologies  to enhance and support their learning (Oblinger & 
Oblinger, 2005).  There is beginning to be a significant uptake in the use of mobile technologies in higher education, 
therefore it is important for practitioners to consider fitness for purpose of the mobile technologies to be used, and ask 
questions such as what kinds of learners will benefit from using this technology, what sort of subjects and situations lend 
themselves to this type of delivery and whether it is possible to learn via small mobile devices (Kukulska-Hulme & 
Traxler, 2005). 

The second question asked students what advantages they have encountered while studying in a mobile enhanced 
environment.  There were 80 responses to this question and the majority of students indicated that the greatest advantage 
experienced was increased communication between themselves and their lecturer.  A recurring theme was that students 
appreciated receiving reminders for a variety of class-related activities such as assessment deadlines, advice of when 
assessments were ready to be collected, changes to timetables, meeting times, and exam dates and locations.  Students 
also commented that they found it an advantage to receive a text about a last minute change instead of having to check 
emails.   

Question three asked participants what disadvantages they had encountered while studying in a mobile enhanced 
environment. Forty two students provided comments to this question with the majority of disadvantages listed as being 
distraction and connectivity issues.  Students disliked receiving texts during lecture times as this caused distraction not 
only because they had received a message but because other students’ phones may not be on silent, thus causing noise 
during class time.  The main type of connectivity issues that students commented on included a delay in receiving texts 
that had been sent or not receiving a text that had been sent. 

Responses to question three provided valuable comments from students regarding perceived disadvantages of 
their learning environment that were not obtained from the quantitative data.  Similar issues to those raised in this 
research have been found in previous studies which have shown that the use of devices, such as in-class laptops, have had 
a negative impact on student learning, with students being distracted from their lessons (Fried, 2008; Hembrooke & Gay, 
2003). The literature notes the challenges surrounding the use of technology in higher education and cautions that 
technology needs to be used in theoretically sound ways in order to enhance learning (Herrington & Kervin, 2007).   

Question four asked for any suggestions that students might have to improve the delivery of their course in a 
mobile-enhanced mode.  There were 24 responses to this question and the main suggestions included consistency 
between lecturers in the use of texting; sending texts at a certain time of day, and providing students with credit to enable 
them to text back to lecturers. The responses from the open-ended question number four were useful in highlighting 
specific ways in which these improvements could be made. 
 
Seven questions were formulated for the focus group as a prompt to stimulate discussion.  These questions are provided 
below: 

1.  Can you describe in what way mobile phones were used by your lecturers during your programme of study? 
2.  Do you think the use of mobile technologies enhanced your learning experience? 
3.  Was the amount of contact using the mobile device appropriate? 
4.  Was the content delivered using the mobile device appropriate? 
5.  Are there any other ways you think they could have been used? 
6.  Do you think the contact you received via the mobile device increased your motivation? 
7.  Are there any other mobile tools you would to use e.g.; iPods, PDA’s?  In what way do you think they could be 

used? 
The focus groups were valuable in gaining further perspectives of the students’ experiences of their mobile enhanced 
learning environment.  They were also helpful in allowing the quantitative results to be analysed and compared to 
determine if any of the findings converged, contradicted each other, or were inconsistent. 

Students reported that the majority of texts they received were for assessment reminders, study tips and advice on 
test results. All participants were in agreement that receiving texts had made a difference to their learning experience 
with comments that they appreciated being noticed by lecturers and had a heightened sensed of being cared about.  The 
students considered the level of contact from their lecturers via texts was very appropriate and the overwhelming 
response from participants was for an increase in the use of texts, both in frequency and consistency, i.e. more widely 
used by all lecturers.  These comments confirm feedback received from the open ended questions and quantitative results 
which showed that students would prefer more of everything. When asked whether the content of texts were appropriate, 
the comments were positive and the participants confirmed that they would not want to have too much content sent via 
text as some did not have phones capable of viewing more than just a text message.   
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Suggestions of other ways mobile devices could have been used were for administration type advice such as 
library books being due and receiving exam results.  Students all believed that their motivation to study and attend 
classes had increased through the increased communication they received via texts.  Just that fact that their lecturer cared 
or might notice them not being in class was enough to motivate them to get out of bed in the morning. When asked what 
other mobile tools they would like to see used and how they would use them, responses varied from smartphones, iPods, 
and iPads including suggestions for the creation of applications like Moodle that could interface with their smartphones. 
 
CONCLUSIONS  
 

Qualitative data from open ended questions and focus groups provided insight into whether the use of mobile 
technologies had enriched the students’ learning experience. The responses from the open ended questions and focus 
groups added a rich layer of understanding into students’ perceptions and provided confirmation that the mobile 
enhanced learning environment is a positive one for those students who participated in the study. 

Students stated that other mobile devices they would consider using in their study were mainly laptops, followed 
by iPods and iPads respectively. Rickards (2003) provides a perspective that technology-based futures in education will 
always be linked to the technology that is currently available, which will be driven by what people want to use the 
technology for. There is no doubt that mobile devices will continue to gain popularity, not only to complete everyday 
tasks and transactions (Ally, 2009), but to demand greater access to learning materials anywhere, anytime (Mellow, 
2005).   

The main advantages provided by students were the increased level of communication and the receiving of texts 
for reminders about assessments and timetable changes. These advantages were also cited in Attewell and Savill-Smith’s 
(2005) UK study.  They found that mobile phones were suited to sending text messages to students reminding them to 
study for exams and as an effective way to attract, motivate and retain students. 

The disadvantages encountered were predominantly around distractions due to texts being received during class 
time and connectivity issues. This was valuable feedback to receive as lecturers were unaware of the consequences of 
sending a text message out to an entire class of students at a time when they were in a timetabled class.  This created 
distractions to other students due to the text message notification tone, and an unnecessary distraction for the lecturer 
when students felt compelled to check their messages in class time.  Connectivity issues arose with some students not 
receiving a text that had been sent to them.  This problem can be one of the drawbacks of text messaging in that there is 
no certainty that a text has been received.  Due to this, it is necessary for lecturers to be mindful that a total reliance on 
text messaging could be a risk when providing important information - consideration may need to be given as to whether 
a combination of communication methods such as email and posts on learning management course sites would be 
required. 

Suggestions for improvements were consistency in the use of mobile devices by lecturers and the provision of 
credit so that students could respond to texts without the financial constraints of not having available credit on their 
phones. The students in this study appreciated the increased interaction and enjoyment that their learning environment 
provided, so much so, that they would have liked all their lecturers to have communicated in the same way.  This is an 
important consideration when designing a mobile enhanced learning environment to ensure that all teaching staff are 
aware of the need to co-ordinate and plan how and what they will communicate to students in a consistent way.  While 
research has shown that a large majority of students have access to a mobile phone (Mellow, 2005), there are still 
financial constraints for students when it comes to being able to respond to a text from a telecommunications provider 
that is not part of their pre-paid plan. In this study, students were not expected to respond to texts, however it is apparent 
they would have liked the opportunity to respond.  This is a consideration that faculty may need to have when preparing 
budgets to support a mobile enhanced learning environment. 

Students’ responses to the open-ended questions and feedback from the focus groups also highlighted issues that 
educators need to pay attention to when using mobile technologies.  The timing of when text messages are sent to 
students is essential, as it was revealed in this study that when students received texts during lecture time, distractions 
were experienced by the other students and the lecturer.  The ability to respond to texts was considered desirable by the 
students, however due to insufficient credit on their phones, they were unable to.  Additionally, consistency in the use of 
the mobile tools was deemed important by students and as discussed in the previous section, students enjoyed the 
additional communication and interaction to the extent that they would have liked all of their lecturers to have 
communicated in the same way.  The issues raised suggest that a consistent and planned approach by educators is needed 
when designing, planning and implementing a mobile enhanced learning environment, along with appropriate 
institutional financial support to allow students to take full advantage of the mobile tools being used. 
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Abstract: This main objective of this research was to develop a learning program in Basic Biology course based on 
Curriculum 2013 by using multimedia.  This research expected that it could develop a learning model for basic biology 
course that is innovative and relevance to the development of three following aspects of students’ standard competence: 
cognitive, skills, and attitudes. The development program includes the implementation of curriculum in basic biology and 
its characteristics.  The model of learning covered three main subjects as follows: basic ecology, natural resources and 
their preservation, and climate change. The research was carried out using descriptive and observation method on 
students who took Basic Biology course. The steps taken in this research were as follows: identifying the problem, 
identifying the documents needed, and analyzing observation results. The observation results were then used as the basis 
for developing learning program, curriculum, and supporting instruments. The subjects of this research were the fresher 
of Mathematics Education, Nusantara Islamic University School of Education who took basic Biology course. The 
observation has successfully showed that there were several problems in the course including learning program, 
multimedia characteristics, structures and characteristics of the learning program, instruments (worksheets, evaluation 
rubric, pre-test and post-test, lesson plan, questionnaires, observation sheets, attitude sheets and their evaluation 
guidelines). 
 
Keywords: Learning with Multimedia, Inquiry, Scientific Work. 
 
 
INTRODUCTION 
 

As a process, sciences have given tremendous contributions towards the development of scientific works, critical 
thinking, problem solving, and communication skills that are highly important for students to compete in the twenty-first 
century (Rustaman, 2010). Biology as part of science can facilitate students to have those skills. However, in high school 
level, Biology courses are given in very limited credit hours, which have resulted in declining students’ scores in biology 
in 2012/2013 from 7.7 in 2011/2012 to 3.65 in 2012/2013 (Academi.edu: 2013). 

Students at mathematics education in college of education (FKIP) in Bandung must take Basic Biology courses 
for three credits.  This course is designed to strengthen students’ basic understanding about the subject.  The basic 
biology courses cover living organism, energy, biodiversity, metabolism, ecology, conservation, and natural resources. 
Meanwhile, in 2013 Curriculum, all courses are obliged to contribute to the development of students’ skills, attitudes, 
and knowledge, especially in classroom activities.  Therefore, referring to this policy, the learning objectives are to 
improve students’ capacity in knowledge, attitudes, and skills. Lecturers are encouraged to design learning models that 
can facilitate the attainment of the objectives. 

There are many factors supporting the attainment of learning objectives and the intended competence; one of them 
is learning media. Learning media plays significant role in explaining abstract concepts and discovering the hidden ones.  
Unclear and complicated learning materials enforce educators to develop learning media (Rotbain, 2007).  In Basic 
Biology course, there are several learning concepts that need media for explaining its difficulties and phenomenon such 
as cell structure, bacterial and viruses outbreak, blood system, and global warming. Those are some of the topics that 
many students find difficulties to understand. Therefore, a multimedia device may helpful to assist students to understand 
them. In addition, the use of multimedia devices is also intended to attract students’ interest and encourage them to have 
critical thinking and scientific attitudes. That is why, developing an innovative learning program using multimedia is 
critically important, especially in Basic Biology.  
  
RESEARCH METHODOLOGY 
 

The objective of this research was to develop a learning program in Basic Biology course that can be used to 
improve the quality of learning process of the subject.  This research employed descriptive qualitative method and 
involved the following activities: identifying document needed, analyzing the observation on students’ activities, 
conducting discussions, developing materials, instruments, and multimedia devices for searching information that were 
needed to make the learning process complete.  
 
RESULTS AND DICUSSIONS 
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Through observations, this research has successfully found that the students encountered difficulties in the course 
of Basic Biology. Their test scores indicated that in average the students’ scores were 3.58 (in 1-4 scales). The students 
also encounter difficulties in the learning process due to the overloaded materials and contents.  They also viewed that 
the tasks given to them were difficult to be completed in which the scores were 2.97. In addition, the way how the 
lecturer delivers the teaching and learning process were also considered to be poor by the students in which they gave 
scores 2.89 for the lecturer.  And lastly, students also employed difficult learning strategy to comprehend in which 2.75 
of them said that they felt difficulties. The situations were getting worse due to limited learning support system including 
libraries (Cahyani, 2013). Specifically, lesson plan for the course of Basic Biology covers three chapters as follows: 
Basic Ecology, Natural Resources and their Preservation, and Climate Change. Meanwhile, the flow of the plan is 
showed in the following table: 
 

 
 

Figure 1. The Flow of the Plan Programme of Basic Biology 
 
Characteristic of Multimedia 
1. The materials or sub-chapters selection must be based on the learning model to be; 
2. The contents of multimedia is in accordance with the learning materials; 
3. The contents of multimedia consist of indicators that will be observed;  
4. Multimedia can be the answer to the problem given in the learning process. 

 
Table 1. Learning Materials and research Instruments for three Main Materials  

A. Learning Materials Descriptions 
1. Syllabus Revising the current syllabus to make it in accordance 

with the objectives of the research. 
2 Highlights of learning topics Arranging the questions based on the skills tested. 
3 Developing multimedia-based lesson 

plan 
Identifying topics that are in accordance with the 
learning model, formulizing objectives, developing 
learning procedures, and identifying strategy of learning 
and evaluation. 

4. Multimedia assisted learning Developing multimedia assisted learning with the 
duration of 10 to 15 minutes. 

B. Research Instrument Description 
1. Test of concept understanding A multiple-choice test designed to identify students’ 

understanding of learning indicator. There are two tests: 
pre-test and post-test.  

2. Students’ worksheet (LKM) of 
scientific works with the rubrics 
needed. 

The worksheets were used as tools for measuring 
students’ scientific works based on the principles of 
inquiry learning.  The worksheets consist of the tasks 
the students need to work on before watching the 
multimedia, the tasks after watching multimedia, 
problems and questions. The worksheets were 
distributed in every session including discussions during 
the research process and the report about it.  The 
worksheets were graded based on the rubrics with 
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A. Learning Materials Descriptions 
certain criterions.  

3. Scientific attitude observation sheets The observation sheets are intended to record students’ 
attitude towards the learning process using multimedia. 

4. Observation sheets They consist of guidelines about how to records 
students and lecturer’s activities. 

5 
 

Questionnaires It is intended to measure students’ responses towards 
the learning process. 

6 Evaluation rubrics Guidelines for evaluating scientific works of the 
students during the learning process. 

7 Field notes  Research notes by the observer about all activities 
during the research process. 

 
The indicators of scientific works and cognitive skills are as follows: (1) utilizing data, (2) formulizing problems, 

(3) formulizing hypotheses, (4) identifying variables, (5) mathematical calculations, (6) developing table/graphics, (7) 
making predictions, (8) drawing conclusions, and (9) communicating (NRC, 2000., BSNP, 2006). The indicators of 
scientific attitudes are as follows: (1) having curiosity, (2) expressing ideas, (3) cooperative works, (4) diligent, (5) 
honest, (6) responsibility, (7) creativity, (8) open, and (9) caring to surrounding environment (Azwar, 2011) and 
(LeBlanc & Gallavan,2006) 

 
Table 2: The Plan of Structure and Characteristics of Inquiry based Learning Program using Multimedia on the 

Course of Basic Biology that Covers Three Main Subjects. 
Structures Characteristics 

Preparation  a.   Reanalyze the multimedia that will be used. 
b. Preparing students’ worksheet based on inquiry principles intended 

to dig students’ scientific works. 
c. Preparing the facilities for multimedia.  
d. Developing pre-test for evaluating students’ initial understanding. 
e. Developing observation sheets of students and lecturers’ activities.  
f. Developing observation sheets of students’ scientific attitudes. 
g. Identifying people to become observers  

Orientation a. Informing the learning model that will be used. 
b. Explaining the main steps of learning activities. 
c. Explaining the tasks the students need to do during the learning 

process. 
d. Forming groups and explaining briefly about the importance of 

developing scientific works and attitudes. 
e. Motivating students and explaining the objectives of the learning.  

Distributing Students’ 
Worksheets 

a. Distributing the worksheets. 
b. Providing students with opportunities to understand the worksheets.  

Multimedia Use a. Showing the multimedia. 
b. Showing the pause tools for certain shows. 
c. Students are collecting information/data based on the shows. 

Discussions a. Encouraging students to discuss and exchange ideas. 
b. Acting as facilitator in scientific works. 
c. Observers carefully observe students’ attitudes. 
d. Observers carefully observe students and lecturer’s activities. 

Reporting  a. Collecting the worksheets 
b. Grading the worksheets based on the rubrics  

Reflection Reflections of learning activities.  
 

 
CONCLUSION  
 
After completing all the stages and referring to the problem identified during the observation process in the Basic 
Biology Course (Cahyani, 2013), this research comes to the final arrangement of the multimedia-assisted learning 
program in Basic Biology for the 2013 Curriculum as follows:  
1. The learning program consists of three main subjects as follows: Basic Ecology, Natural Resources and their 

Preservation, and Climate Change. By referring to inquiry learning strategy, the multimedia devices play as tools 
for searching new information about the topics;  
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2. The observed aspects of the three chapters of learning materials include scientific works, cognitive skills, and 
scientific attitudes. 

3. The indicators of scientific works and cognitive skills are as follows: (1) utilizing data, (2) formulizing problems, 
(3) formulizing hypotheses, (4) identifying variables, (5) mathematical calculations, (6) developing table/graphics, 
(7) making predictions, (8) drawing conclusions, and (9) communicating.  

4. The indicators of scientific attitudes are as follows: (1) having curiosity, (2) expressing ideas, (3) cooperative 
works, (4) diligent, (5) honest, (6) responsibility, (7) creativity, (8) open, and (9) caring to surrounding 
environment.  

5. The characteristics of multimedia are as follows: it has contents reliable to learning materials and it can provide 
better solutions to research problems. 

6. The characteristics of learning program are as follows: preparation, orientation, students’ worksheet, multimedia 
utilization, discussions, report of activities, and reflection.  
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Abstract: Teaching practice is a compulsory subject for students in the Department of Biology Education. 
Courses that support the implementation of this teaching practice are Microteaching (MT), Teaching and 
Learning Strategies (TLS), and Development of Biology Teaching Program (DBTB). In the implementation of 
teaching practices, every student is mentored by a lecturer (LM) and a teacher (TM). Prior to the implementation 
of teaching practice in schools, the opportunity is given for the students to perform simulations on campus. This 
study aimed to determine how effectively the above aspects support the implementation of the teaching practice, 
as well as how the depth of material that has been given supports the practice of teaching, and the role of 
teaching practice in providing teaching experience for students. This research was a descriptive study that 
involved 77 students. Data were collected using a questionnaire, the responses to which were analysed by a 
quantitative descriptive technique. Results showed that more than 75% of student responses either strongly 
supported or supported the aspects MT, TLS, DBTB, TM and LM. Similar levels of support were given for the 
depth of the material aspect and the role of teaching practice in providing teaching experience for students. 
However, the simulation implementation aspect was strongly supported or supported by fewer than 55% of 
students. 
 
Keywords: Microteaching, Simulation, Teaching practice, Teaching and learning strategies 
 
 
INTRODUCTION 
 

The teaching practice is a subject that must be taken by students in Department of Biology Education. 
This event is held at the junior high school or the senior high school. The teaching practice is an activity to 
provide opportunities and experiences for students as prospective teachers to apply the theory they have gained 
into practical knowledge in the classroom. With this activity they will gain experience in terms of knowledge, 
skills, attitudes, and can recognize more clearly the school environment with all its dynamics. The activities of 
teaching practice cannot be replaced by other forms of teaching practice, as microteaching etc. Before taking the 
practice of teaching the students should have passed the supporting courses such as Teaching and Learning 
Strategies (TLS), Development of Biology Teaching Program (DBTP), and Microteaching (MT). 

TLS is one of the subjects that equip students with competence pedagogy. Pedagogical Knowledge (PK) 
is one of the competencies required of a teacher. PK is teachers' deep knowledge about the processes and 
practices or methods of teaching and learning. They encompass, among other things, overall educational 
purposes, values, and aims. This generic form of knowledge applies to understanding how students learn, general 
classroom management skills, lesson planning, and student assessment. It includes knowledge about techniques 
or methods used in the classroom; the nature of the target audience; and strategies for evaluating student 
understanding (Koehler & Mishra, 2009). Topics covered in TLS course are: teaching methods, approaches, 
media, as well as innovative methods in learning. System of lectures for this course consists of presentations and 
simulations to practice innovative teaching methods. With these courses, students are expected to know a variety 
of methods, as well as having the ability to choose the method and appropriate learning approach when 
implementing the learning process. With the provision of material that has been gained from the course of 
teaching and learning strategies (TLS), it is expected that the students are capable enough to carry out the 
learning process during teaching practice. 

DBTP is another course that equips students with the pedagogical competence. This course discusses 
about how to make a lesson plan, starts from formulating learning goals, plan the student's learning experience, 
determine methods and instructional media, and plan evaluation. In the lesson plans created by teachers it is 
determined what teaching methods are to be used, as per the characteristics of the teaching materials that will be 
delivered to students, as well as how the learning steps are to be implemented. Thus the lesson plan is a guide for 
teachers to implement the learning process in the classroom. Good learning process would have to start from a 
good lesson plan. Professional teachers are required to have the ability to make a lesson plan and implement 
learning plans with a variety of innovative instructional strategies (Ahmadi, 2012). 

In addition to SBM and P3B subjects, Micro teaching also equips students with competence pedagogy. 
Micro teaching (MT) is one approach or method used to develop the teaching skills in a "micro" or simplified 
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way. This simplification is related with each component of learning, for example in terms of time, material, 
number of students, the type of teaching basic skills practiced, the use of methods and media, and other elements 
of learning (Susantini Abdul, Bertha, Nuri, & Ulfi, 2014). The material covered in this course is about teaching 
basic skills, such as opening and closing skills, skills for providing reinforcement, variations in teaching, and 
others. In this course every student performs simulations of about 2 to 3 basic teaching skills conducted through 
peer teaching in a micro situation. 

In the implementation of teaching practice, every student is mentored by a lecturer (LM) and a teacher 
(TM) from schools where students carry out practice teaching. TM provides good guidance in the lesson plan 
and the implementation of learning in the classroom, as well as LM. During the implementation of the practice 
of teaching students carry out 3 exercise, every workout is observed and assessed by TM. After doing three 
times the exercises the students appear for one exam with supervision and assessment of TM and LM. Before 
carrying out teaching practice in schools, every student is required to carry out simulations on campus with LM 
guidance. This is done to convince the lecturers and students, that students have sufficient ability and are ready 
to carry out teaching practice in schools. 

This study aims to determine the role of each of the supporting aspects of teaching practice, i.e. TLS 
course, DBTP, MT, and implementation of simulation in support of the implementation of teaching practice. 
Additionally, we wanted to know how the role of TM and LM in the implementation of teaching practice, how 
the depth of the material (Biology) has been given on campus in support of the implementation of teaching 
practices, as well as the role of teaching practice in providing teaching experience for students as a prospective 
teacher.  
 
RESEARCH METHODOLOGY 
 

This research is a quantitative descriptive study, and all students of Biology Education program that have 
been through the course of teaching practice were a part of the study. The sample consisted of 77 students, all of 
whom have passed all supporting courses, these are teaching and Learning Strategies (TLS), Development 
Biology Teaching Program (DBTP), and Microteaching (MT). The implementation of the teaching practice of 
each student is under the guidance of a lecturer, and a teacher of the school where the student is carrying out the 
teaching practice. Before implementing the practice of teaching in the school, each student is required to carry 
out one simulation lesson on campus. Simulations are conducted by peer teachers under the guidance of the 
lecturer. The instrument to collect data was a questionnaire, and then the data were analysed by descriptive 
quantitative analysis. 
 
RESULTS AND DISCUSSION 
Support for each aspect of the implementation of teaching practice, can be seen in Table 1.  

Table 1. Support for each aspect (%) of the implementation of teaching practice 

 
The results showed that the subjects of TLS, DBTP, and MT, all three expressed support/strong support, 

with the total percentage for each course being above 84%. Teaching and Learning Strategies (TLS) is a subject 
which equips students with pedagogical competence. According to Koehler and Mishra (2008) there are three 
main components of knowledge that should be possessed by a teacher, the content (material), pedagogy, and 
technology. Furthermore, Koehler and Mishra (2009) define Pedagogical Knowledge (PK) as teachers' deep 
knowledge about the processes and practices or methods of teaching and learning. A teacher with deep 
pedagogical knowledge understands how students construct knowledge and acquire skills and how they develop 
habits of mind and positive dispositions toward learning. As such, pedagogical knowledge requires an 
understanding of cognitive, social, and developmental theories of learning and how they apply to students in the 

Aspect Strongly 
Support 

Support Less 
Support 

No support 

Teaching and Learning Strategies 
(TLS) 

44.16 54.55 1.30 0 

 Development of Biology  
Teaching Program (DBTP) 

33.77 50.65 14.26 1.30 

Microteaching (MT) 42.86 41.55 6.49 9.09 
Teacher Mentor (TM) 63.64 29,87 6.49 9.09 
Lecturer Mentor (LM) 33.47 42.86 18.18 5.68 
The Depth of Materials (Biology) 45.45 44.16 10.39 0 
Simulation 28.57 25.97 24.68 20.78 
The role of teaching practice for 
student 

85.71 12.99  1.23 0 
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classroom. Referring to the statement of Koehler and Mishra, a teacher must have the ability to select and deploy 
an approach and appropriate learning methods as part of a pedagogical competence, in order to create a fun 
learning environment, so that learning can take place with effectiveness. This learning approach is not good, as it 
will lead to poor learning outcomes as well (Priyayi, et al., 2012). Mastery and ability in choosing and applying 
methods, approaches, and learning strategies are competencies that must be mastered well by a teacher. It seems 
that the material that has been given in the course of TLS is sufficient to equip students in the implementation of 
teaching practices. Students had no difficulty in selecting and implementing methods of learning, because they 
already know and understand, even simulate a variety of teaching methods in the course of TLS. 

The number of students who stated strongly support and support in the course of Development of 
Biological Teaching Programs (DBTP) is also quite high at 84.42%. DBTP is a subject which equips students 
(prospective teacher) about how to make a lesson plan, before implementing the learning in the classroom. With 
a comprehensive lesson plan, the learning process becomes more focused and organized, so the learning process 
occurs effectively and efficiently. A good lesson planning is the first step that must be done by the teacher to 
ensure effective learning in the classroom. With a comprehensive learning plan that has been made, the teacher 
will have clear goals and measures when implementing the learning process in the classroom. The purpose of 
education can be achieved in the presence of an atmosphere of learning and a well-planned learning process 
(Prasetyo et al,. 2012). Lesson plan created by a teacher is the embodiment of the teacher's ability to integrate 
knowledge with pedagogical content knowledge (PCK). PCK is a type of knowledge that is unique to teachers, 
and is based on the manner in which teachers relate their pedagogical knowledge (what they know about 
teaching) to their subject matter knowledge (what they know about what they teach). It is the integration or the 
synthesis of teachers' pedagogical knowledge and their subject matter knowledge that comprises pedagogical 
content knowledge (Cochran, 1997). According to Shulman (1986; 1987) the PCK is the main component of 
teaching expertise. According to Anwar et al. (2012) teachers should continue to develop the process of teaching 
in the classroom, and a prospective teacher should always continue to train the ability in designing learning 
outcomes by understanding the PCK. With the ability to create a learning plan that has been given in the course 
of DBTP, integrated with the ability to select the method and learning media, which have been obtained in the 
course of TLS, students are not difficult to create a learning plan during the implementation of the teaching 
practice, this will greatly help facilitate the teaching practice and raises their confidence. 

In addition to courses TLS and DBTP, microteaching course also is a subject which supports the 
implementation of the teaching practice. 84.41% students expressed support and strong support for the course. 
Microteaching is a subject which discusses teaching basic skills that should be possessed by a teacher, such as 
skill of opening a lesson, closing the lesson, explaining, asking questions etc. Teaching job as a profession 
certainly requires special skills, starting from lesson planning to the implementation of these plans in the 
classroom. This professional work, must be supported by a specific competence, in this case is the competence 
pedagogy. Microteaching is one of the subjects, which also strengthens the pedagogical competence, which can 
enable the prospective teacher to have good teaching skills. Teaching will go well and interesting for the students 
if teachers master the basic skills of teaching, including classroom management. Data from this research shows, 
that students have learned a lot through microteaching and have developed skills to improve their teaching 
practice. 

The role of the Teachers Mentor (TM) in guiding students participating in teaching practice is very 
important as 93.51% of the students expressed support and strong support, while the role of the Lecturer Mentor 
(LM) was supported and strongly supported by 76.33% of the students. When the students carried out teaching 
practice, they interact a lot and got a briefing from the TM. In the implementation of this teaching practice, each 
student gets a chance to carry out the exercise three times and takes an exam one time. While the presence of LM 
only at the time of the exam, the intensity of them to interact with a TM is more than the LM. In addition, a 
meeting of students with TM outside of teaching hours is certainly a lot more, this is done during school 
orientation, distribution of learning materials, preparation of lesson plans, determining the schedule, and others. 
These activities are the responsibility of TM and does not involve the LM. The role of the TM is enormous in the 
implementation of teaching practices for students. This has also been reported by Sudarisman (2012), from his 
research note that 96.30% of students were satisfied with the support from TM. Although TM is a new figure 
known to the students, but their role in providing support for the implementation of teaching practice is very 
large. Each TM can provide appropriate solutions to students when they encounter problems during 
implementing the learning in the classroom and outside the classroom, as it is because every TM understands 
and knows the characteristics of the students and the school environment better than the  LM. 

The quality of Biological material which has been given to students, is supported and strongly supported 
by 89.61% students participating in teaching practice. This means that the material that has been given equips 
them to lead the profession as a teacher of Biology, both in high school and junior secondary schools. Mastery of 
the material by a teacher or prospective teacher is a very important aspect. A teacher must have a good mastery 
of the material as a content that will be taught to students, Koehler and Mishra (2009) stated that the Knowledge 
of content is of critical importance for teachers. As Shulman (1986) Noted, this knowledge would include 
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knowledge of concepts, theories, ideas, organizational frameworks, knowledge of evidence and proof, as well as 
established practices and approaches toward developing such knowledge. For a teacher mastery of the material / 
subject will be taught and how to teach it is of equal importance. Mastery of a good concept is not just to know 
or understand the concept, but also includes the ability to explore the attributes of the concept and its relationship 
to other concepts (Palmer, 2009; Schawarz et al., 2009). This capability will determine the students' ability to 
perform analysis to find the essential concepts. Determination of essential concept will also determine the 
appropriate learning experiences (Schonborn & Bogeholz, 2009). With a good understanding of the material, it 
will greatly help the students in carrying out the practice of teaching. They will have no fear or doubt, but they 
will be confident in conducting teaching practice. Sudarisman (2012) has also reported that from its search 
results to students participating in teaching practice, it is known that students are not ready to implement 
teaching practices because by several factors, one of which relates to the mastery of teaching materials. 

Implementation of simulation held on campus before the implementation of teaching practice in schools 
has less support compared with other ancillary aspects. The number of students who stated strong support and 
support for these aspects is 54.54%. The remaining states are less supportive and not supportive with almost 
equal shares. Support simulation of the teaching practice is relatively small if compared with the other aspects. 
This is probably due to the fact that simulations were carried out no different from teaching exercises that have 
been implemented in other subjects, such as microteaching. However, the simulation is important to be 
implemented by each student before they carry out teaching practice, because it is an exercise that gives them an 
opportunity to teach properly, although it is still done through peer teaching. Teaching exercises performed 
through simulated as well as real teaching, help apply all the basic skills taught as a unified whole, to deliver the 
learning materials. This is in contrast with the practice of teaching in the subject of microteaching, where each 
student practices only one basic skill. Simulation is closer to the real learning and is undertaken by teachers in 
the school or teaching practice, and thus remains an important aspect to be done before they carry out their 
teaching practice. Based on this fact, it is recommended that each Lecturer Mentor (LM) to carry out simulation, 
so that it remains interesting and challenging for students. In study activities of students they should work 
collaboratively, so that they can give a good feedback to each other when designing the lesson plan, as well as 
during the implementation of the design. If the simulation is packed with interesting approaches, students will be 
more interested to follow and give great support to the implementation of teaching practices. 

The role of teaching practice for students to provide experience in the organization of learning in the 
classroom, expressed support and strong support by 98.70% of the students, while the rest expressed less 
support, and no student expressed support for this aspect. This means that teaching practice is an activity that is 
meaningful to students as future teachers. Implementation of teaching practice actually provides practical 
experience for students, ranging from developing teaching preparation, implementing them in the classroom, as 
well as manage learning within classroom situations. From this activity the students actually have experience in 
solving the problems of learning that occurs in the classroom. Of course it is different from teaching practice that 
has been done on campus either on the course TLS, MT, and simulation. In the exercise phase, the teaching is 
done in peer teaching way so that the classroom atmosphere is more easily controlled, while the implementation 
of teaching practices that are conducted in schools, learning is done in a real life situations and confronted the 
students with diverse characters. Thus students as prospective teachers actually gain experience in dealing with 
students and classes that have a very dynamic situation. This is certainly very important for students as 
prospective teachers, so that they have experience in interacting with students so that they finally have the 
courage to carry out the learning process in the classroom. In the process of learning, the classroom situation will 
greatly affect the performance of teachers therefore exposing students as prospective teachers to real classroom 
situations is very important. 

In addition to providing real experience in implementing the learning in the classroom, teaching practical 
activities is also very important to provide mental experiences for students. On the implementation of the 
teaching practice students interact with all members of the school, students, teachers, and administrative staff. 
This will give them the opportunity to get to know the atmosphere of the school in a more real way with all its 
dynamics and provide them experiences they never acquired on campus. 
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Abstract: The purpose of the article is to highlight the effectiveness of Project Based Learning (PBL). The 
present paper presents an eloquent model for implementing the PBL strategy, in a Department of Chemistry, 
with a course on renewable energy. Students worked cooperatively in teams to conduct a series of laboratory 
investigations through which they explored the engineering aspects of renewable energy production, properties, 
characterization, quality control, performance testing and decided the proper strategy with a view to solve the 
problems at hand. The experiments were designed to be cost effective and transferrable. The laboratory 
experiments were conducted within the ‘how people learn framework’. A survey was used to evaluate the 
acquisition of specific and generic competences, as well as the students’ degree of satisfaction with respect to the 
use of these learning methodologies. The results of the survey and the perceptions of the lecturers show that PBL 
encourages students’ motivation and improves their results. They not only acquire better technical training, but 
also improves their transversal skills. It is also pointed out that this methodology requires more dedication from 
lecturers than traditional methods 
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Project Based Learning  

In recent years, a transformation in teaching and learning methods involves the transition from an 
education system based on teaching to a system based on learning, making the student the centre of the 
educational process.  In particular, subjects which have a very technological and systematic nature, are more 
suited to implement active learning methods such as Project Based Learning (PBL) (Mills & Treagust, 2003). 
PBL enhances not only the students’ acquisition of competencies specific of each subject, but also the 
development of generic competencies as communication, team work, leadership, etc., that are increasingly 
valued in the professional field. The core idea of PBL is that real-world problems capture students’ interest and 
provoke serious thinking as the students acquire and apply new knowledge in a problem-solving context. The 
teacher plays the role of a facilitator, working with students to frame worthwhile questions, structuring 
meaningful tasks, coaching both knowledge development and social skills, and carefully assessing what students 
have learned from the experience (David, 2008). PBL can take place both inside or outside the classrooms. 

PBL is a learning model that organizes learning around projects. Thomas (2000) lists five aspects that 
have to be considered in PBL projects:  

- Projects are central, not peripheral to the curriculum. 
- Projects are focused on questions or problems that drive students to encounter the  
    central concepts and principles of a discipline.  
- Projects involve students in a constructive investigation.  
- Projects are student driven to some significant degree. 
- Projects are realistic, not school like.  

The core idea of Project Based Learning is to connect student’s experiences with school life and to 
provoke serious thinking as students acquire new knowledge The empirical evidence shows that experiential 
education addresses specific methods and Project Based Learning is one of them. Moreover, PBL methodology 
emphasizes activities which:  are long-term, are student-centred, are based on collaborative team learning, are 
integrated with real world practices, have productive outcomes, have an impact on skills like self-management, 
teamwork, leadership, time management, communication and problem-solving and use technology-based tools. 

Several authors have pointed out the benefits of this kind of methodology. In particular, PBL contributes 
to the development of many soft skills with applications to the workplace which apparently will fulfil the needs 
of the 21st century job market (Musa et al, 2012). Luminiţa et al (2014) specially in teaching sciences, there 
must be eliminated the pedagogic practices centred on formalized and excessively generalized presentations and 
promoted the teaching-learning strategies axed on action, experimentation, scientific investigation and problems 
solving. Promoting these strategies, and especially Problem- Based Learning, we will help students to develop 
their cognitive, instrumental and transversal competencies, which will allow them to extend learning at lifelong 
scale. 

Xiangyun et al. (2013) developed a sustainability curriculum using the methodology of Problem and 
Project Based Learning (PBL) in a Chinese context. The results show that PBL can be an effective and efficient 
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strategy and method for sustainability education.  However, the success of the implementation process is highly 
dependent on its cultural setting. Therefore, a change of the curriculum itself is not enough for educational 
change; a broader scope of cultural change is needed within the institution, profession, and society (Blewitt, 
2004).  

Jacobo  et al (2015) describes the innovation activities performed in the field of space education 
involved implementing Project Based Learning (PBL),  as  the students learn how to communicate with 
satellites, how to receive telemetry and how to process the data. PBL methodology enhances students learning 
and improves not only their confidence about their technical skills, but also transversal skills increasingly in 
demand in the business world. The results of the study show that PBL encourages students’ motivation and 
improves their results. They not only acquire better technical training, but also improve their transversal skills. It 
is also pointed out that this methodology requires more dedication from lecturers than traditional method. It also 
points out the benefits of collaboration among students as they have to learn to work together to find solutions to 
problems, and how the PBL methodology promotes responsibility and independent learning. 

Rowan University has pioneered a progressive engineering program that uses innovative methods of 
teaching and learning to produce students who have the competencies to operate successfully in a dynamic and 
competitive global environment. Key features of the program were focusing on the educational process, through 
collaborative laboratory and course work. Experiential learning is the key factor of acquiring knowledge through 
experiencing things. It addresses specific teaching methods, which are believed to achieve a beneficial outcome 
to the learning ability of students. Project Based Learning is such a modern teaching method (Stephanie & 
Eduardo, 2014). 

Musa et al (2011)  studied  relevance of PBL in relation to equip learners with the employability skills 
required by employers. The findings have shown that students greatly benefit in developing their various skills 
such as team-work, managing conflicts, decision making, and communication skills. Engaging themselves in 
these skills has assisted learners to be more independent, confident, and productive in generating and discussing 
ideas. In the PBL environment, students build their own knowledge by active learning, interacting with the 
environment, working independently or collaborating in teams, while the teacher directs and guides (Thomas, 
2000).  
 
PBL Model 

The Project-Based Learning (PBL) consists on valorising the problems of the "real world" in the 
educational process, in order to facilitate the development of critical thinking, students’ problem solving 
abilities, and the assimilation of the fundamental concepts for the different study disciplines (Duch et al., 2001). 
Using PBL in the instruction demarche, the teacher assumes the role of a coach for his students, orienting them 
in the research activity, stimulating their interest for an authentic and relevant learning. The PBL model, 
involves the following 
stages and sub-stages: 
1. Understanding the problem; confrontation with the problem, identification of detained knowledge which 

might be necessary for the problem approach, definition of the situation/problem, students list the 
activities/tasks that must be effectuated and the factors which ensure their success. 

2. Curriculum exploring: collection of information/documentation, information exchange: students 
share/disseminate information and it is discussed their relevance for the investigated problem; 
 
Further on, an eloquent model for implementing the PBL strategy, in a Department of Chemistry at the 

State University of Jakarta with the theme: Biodiesel - How do we make biodiesel from waste cooking oil was 
presented (Table 1).  

Table 1. Applying The PBL Model with The Theme: Biodiesel 
No Topic Specific teaching and learning outcomes 

1 Problem 

Comprehension 

 The organization of a learning situation centred upon the presentation of 
a problem from everyday life, the increasingly apparent climate change, 
it becomes imperative to use renewable energy in the production of fuel 
that is environmentally friendly. 

 The initiation of a dialogue with students, having questions like: How do 
we prepare biodiesel from animal fats or vegetable oils.  

 The inventorying of anchor knowledge about: source of biodiesel, 
catalyst, transesterification reaction 

 Definition of problem-situation–students guided by their teacher, 
formulate the problem, make a list of the activities/tasks which must be 
accomplished and of the factors that ensures their success. 
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  Curriculum  

Exploring 

 

 The collection of new information referring to: raw material for 
biodiesel, catalysts, methods for production of biodiesel, properties and 
quality of biodiesel, what are the parameters in biodiesel production, 
how to improve the yields of biodiesel from waste cooking oil; 

 Exchange of information – students share/disseminate information they 
collected in their group and discuss their relevance for the investigated 
problem; 

 Generation of possible solutions – students synthesize the obtained 
information in order to generate more possible solutions, in the form of 
portfolio and projects 

3  Project 

Solving 

 Identifying the best solution – students organize the results obtained by 
their group and select the optimal solution; 

 Presentation of solution – students present the identified solution to the 
interested persons (stakeholder) 

 Reporting – students report the results of the problem, they complete 
their learning by following the other colleagues’ presentations, 
underlying the assimilated /formed contents and competencies; students 
will receive confirmation for the assimilated and experimentally verified 
knowledge, regarding the principles that govern the making of biodiesel  
from waste cooking oil using  microwave heating , and the validation of 
formed/developed competencies. 

 
RESEARCH METHODOLOGY 
Pre Laboratory Project 

The pre-laboratory session began with a motivating problem that would be explored during the 
experiment, helping students to organize their body of knowledge (knowledge-centred). During the pre-lab the 
in-class discussion provided formative feedback to both the students and the lecturer. The lecturer was able to 
assess the accuracy and quality of students’ pre-existing knowledge and linkages to new conceptual 
understanding, and to provide relevant formative feedback to the students.  

The hands on activities were also reviewed by the instructor before the students left the laboratory, and 
formative feedback was given regarding accuracy and quality of the investigation and analysis. The course was 
community-centred in the use of in-class breakout groups for brainstorming and discussion, followed by whole-
class discussion. Students worked in teams of 3–4 throughout the project with cooperative learning structures 
employed to promote positive interdependence and individual accountability.  Teams were formed at the 
beginning of the semester, considering the criteria of student schedule (compatible), ethnicity/race and gender 
(minorities not isolated), academic performance (heterogeneous), and commitment level (similar) which have 
been found to be important in student learning (Layton et al., 2010). A team size of four students was formed 
based on the nature of the laboratory tasks. 
 
Implementation of PBL in Biodiesel 

At the beginning of the semester, all the students participate in classes focused on renewable energy. In 
these classes they work in groups with the support of a lecturer who helps and guides them. Students 
participating in the PBL methodology are organized in groups of 4 members to develop a project in laboratory 
for preparation of renewable energy.  

All of the experiments for the project were conducted during the weekly laboratory meetings. A graduate 
assistant or technician set up the laboratory in advance, and this task typically took between 30 and 60 min. The 
laboratory was set up such that all glassware, chemicals and supplies were in a common area. Students 
assembled the necessary experimental apparatus before conducting each experiment. The instructor and assistant 
were both present during the laboratory meetings. The experimental procedures were straight forward enough 
that student teams could work independently, but questioning was encouraged. The basic laboratory procedure 
was provided in a handout that was distributed to students in advance of the laboratory experiment. Students 
were given some flexibility in the design of their process, for example, teams chose their own feedstock, 
catalyst, parameters in biodiesel production, method for improving the yields of biodiesel and were allowed to 
share data in order to assess how the choice of these affected the product properties. Other variations included 
the choice of transesterification reaction temperature, choice of distilled or tap water for washing, and power 
loads used in performance testing. Teams were also responsible for developing measurement techniques. The 
project used standard laboratory glassware and supplies to the maximum extent possible in order to minimize the 
overall cost.  
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Transesterification Procedures 
All experiments were carried out in a 200 ml round-bottom flask equipped with a magnetic stirrer and a 

water-cooled condenser. The transesterification reaction was performed with various amounts of catalysts and 
different methanol/oil molar ratios. The waste cooking oil and catalyst were charged into the flask and stirred. 
When the required temperature was reached, methanol was added into the reactor through the constant press 
dropper. After the reaction, the mixture was separated by the centrifuge, resulting in the formation of an upper 
phase consisting of methyl esters and a lower phase containing glycerine. Excess methanol in the methyl ester 
phase was evaporated by heating. Then catalyst was removed by adding silica gel and the impurities were 
removed by water which resulted in the production of biodiesel. The methyl ester contents in the upper layer 
were quantified using a GC-2010 gas chromatograph (Shimadzu, Japan). Heptadecanoic acid methyl ester was 
used as an internal standard. The biodiesel yield was calculated from the equation below: 

    Total amount of  methyl ester (mol) 
Biodiesel Yield (%)=  ---------------------------------------------------- x 100% 

                                                           Charge amount of triglycerides (mol)  
  
Properties and Quality Testing 

Physical properties including pH, viscosity, specific gravity, acid number and cloud point were measured 
either directly or indirectly. The pH of the wash water, oil, acidity or alkalinity of the sample and biodiesel were 
measured using full range and narrow range pH meter. Viscosity of oil and bio diesel were evaluated by 
measuring the time required to drain 12 ml from a 20 ml plastic disposable syringe without a needle. The 
viscosity was calculated using the Hagen–Poiseuille Equation. 
 
Assessment of Knowledge Gain  

To evaluate the impact of this project on student learning, specific assessment tasks: (a)  work 
assignments, written tests and  b)  specific component related to the project, such as oral presentations, project 
reports, prototypes etc. were used. Each of these two main components have a weightage of 60% and 40%, 
respectively, on students' individual classification. The students’ feedback was based on the filling in the 
assessment questionnaire of the research questions such as What are the advantages and difficulties of PBL ?, 
and can PBL help in developing skills for professional practice? 
 
RESULTS AND DISCUSSION 

The students’ feedback - after  implementation of PBL  is presented in the Appendix I. The hands on 
activities were designed for course of renewable energy   entitled “Biodiesel Project ; An educational experience 
converting waste cooking oil to biodiesel”. 
 
Difficulties and Challenges of PBL 

In the end of this course, a survey was conducted to obtain the feedbacks from students. Here are excerpts 
from several students. 

 “ I think the project theme of each group is too much different, which means the workload and 
difficulty of each group is also different. Time is not enough. This course needs much time in order to develop 
our technical and soft skills. But whatever be the challenge this course is perfect. The resources in the lab are 
not adequate, some special tools are unavailable, and the administrative procedures are too complex” 

“There is not enough time available in advance for ordering and machining designed parts, resulting in 
delay in assembly and debugging of the final physical system” 

“I had to stay at the university to work all afternoons! And when I wasn’t working on the project, I had 
to study for the tests. The subject content that we applied on the project wasn’t even enough to study for tests” 

 
Students identified the heavy workload which the project entails as one of the main constraints of this approach 
to learning 
 
Developing Skills for Professional Practice 

 
Students highlighted that one of the most positive aspects of PBL was teamwork. It provides the 

opportunity for students to develop transversal skills such as problem solving, time management, oral and 
written communication skills, amongst others. Students identified the benefits of working with people with 
different skills, ideas and perspectives, which allowed them to feel as if they were working in a real engineering 
environment. These findings are also consistent with the professional skills required for today's engineers. The 
development of these important skills can be seen in the following examples referred by students: 

“ the course timeline is across the whole semester, it is not uncommon to work very ‘‘loose’’ at 
beginning and very ‘‘tight’’ when approaching the end. The closer to the end, the more problems to solve 
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"I also learned how to work as a team, how to solve problems within the group members so that these 
would not interfere with the progress of the project.”  

I learned how to make an effective project report. In sum, we learned about things that we had never 
even thought about but they are going to be very important for our future." 

"I think participating in PBL was a positive experience because it allowed us to develop several 
competencies.” 

Teamwork was the most important amongst all, as it will be very useful in our future professional 
practice." 

“My hands-on skills were improved, and I hope we can get more help  from our instructors. This is a 
very good course, and our practical solving ability was enhanced greatly” 
 
The lecturers  also consider PBL as a good example of what awaits students in their future professional 
practice”.  
 
CONCLUSIONS 

 
As PBL represents an educational method that uses real world problems like an important context, in 

order for the pupils to think critically and to achieve skills for solving the proposed problem, the results obtained 
in the frame of bio diesel project emphasized that the quality of the communication between teachers and 
students is very important, the teacher being perceived as a partner, as an active participant, during the training 
activities. Students in the introductory physics and chemistry department worked on a semester-long biodiesel 
project which introduced engineering skills and topics related to biodiesel production and use: reaction, 
purification, properties characterization and quality testing, and performance testing.  

Drawing on the findings from this study, it is possible to recognize the importance of PBL to improve 
student learning and prepare graduates for professional practice.  Both students and teachers identified a set of 
benefits of PBL, such as teamwork skills, increased student motivation, articulation between theory and practice, 
problem solving, amongst others. The difficulties and disadvantages of PBL are identified by students such as 
the fact that the students’ final grade does not depend on a group and the workload is also much less, leaving 
students with more free time. Learning outcomes, teaching strategies and assessment methods need to be clearly 
aligned with the educational philosophy adopted. Thus, it is important to ensure diversity in teaching and 
learning methodologies and provide students with rich and challenging projects, that will engage them in 
learning and in achieving the essential skills required for their future professional practice.  
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Appendix 1 
 

Biodiesel Project: An educational experience converting waste cooking oil to Biodiesel 
1.The Goal of the Program  
To teach students of physics, chemistry and mechanical engineering, competencies and renewable energy. 
Furthermore, the school intends to produce, on campus, biodiesel produced from locally procured waste cooking 
oil. The full spectrum of planning, development, implementation, and quality control will serve as an 
experiential learning  
2. Project Objectives  
  1. Define the chemical process required to convert waste cooking oil into usable  
                 biodiesel  

2. Develop a standardized procedure to convert waste cooking oil into biodiesel  
3. Classifying a catalyst that will implement the procedure  
4. Develop a method to evaluate the quality of the biodiesel produced  

 
 
3. Background  
 
Bio Diesel is an attractive and cleaner burning alternative biofuel for diesel engines. The main advantages of 
biodiesel over fossil diesel are (1) availability and renewability (2) lower emissions (3) biodegradability and (4) 
increased lubricity (Yusuf et al., 2011). The most common way to produce biodiesel is by transesterification, in 
which a catalysed reaction between vegetable oil or animal fat and an alcohol yields fatty acid alkyl esters 
(biodiesel) and glycerol. The advantages and disadvantages of different methods of biodiesel production have 
been extensively explored (Balat and Balat, 2010). An alkali catalysed reaction was chosen for this project 
mainly for safety considerations. This reaction is shown below where the vegetable oil feedstock is a mixture of 
triglycerides, and biodiesel is a blend of fatty acid methyl esters (FAME) (Hoekman et al., 2012). After the 
transesterification reaction, the glycerine and biodiesel are phase separated, and purification is required prior to 
use in an engine. Two common techniques for crude biodiesel purification are water washing and adsorption 
(Gerpen, 2005). In the first year biodiesel project, students explored both water washing and adsorption as 
separation techniques. A number of standards have been established for biodiesel quality, most notably in 
Europe through the European Committee for Standardization (CEN) and in the U.S. through the American 
Society of Testing and Materials (ASTM). These standards ensure the quality of the product in several important 
aspects such as flash point, water and sediment content, free and total glycerine content, kinematic viscosity, 
acid number, density and cloud point (Methanol Institute, 2006). The relevance of these quality standards is 
described elsewhere. (Gogo et al., 2010). In this project the students use several simple property test methods in 
conjunction with semi-quantitative and threshold testing to characterize the fuel and ensure its quality prior to 
testing in a generator. These simplified test methods were chosen because they are more cost–effective and less 
time consuming than most standardized methods, and they are appropriate for the learning goals of the project. 
Biodiesel has a lower reported heat of combustion than fossil diesel, which results in a higher rate of fuel 
consumption at a constant power load (or a lower power output for a fixed fuel injection volume) (Andrade et 
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al., 2011). Biodiesel combustion results in reduced emissions in comparison with fossil diesel fuels. Carbon 
monoxide and carbon dioxide emissions are lower for biodiesel fuels, and nitrogen oxides are either slightly 
higher or lower depending on the engine family and testing procedures (Demirbas, 2007). Further, biodiesel CO2 

emissions are biogenic which reduces the impact of total biodiesel emissions to the environment, relative to 
fossil diesel. In this project, students compared the biodiesel and fossil diesel fuels on the basis of heat of 
combustion. Emissions were compared on a mass and energy basis 
4. Biodiesel Production 
Biodiesel fuel was produced using waste cooking oil from local fast food restaurants. The waste cooking oil was 
pre-treated prior to reaction. Approximately 1.0 L of waste oil were first filtered to remove solid food particles, 
heated to remove water (10 min at 1000C and 10 min at 130 0C, longer if necessary as indicated by splattering 
sound of water present in oil), and neutralized with sodium hydroxide to eliminate free fatty acids using 
phenolphthalein as an endpoint indicator. The biodiesel was produced via a transesterification reaction between 
oil and excess methanol with CH3ONa. NaOH, CaO/Zeolite, CaO/TiO2 catalyst. 1 L of oil was heated to 550 C. 
3.5 g sodium hydroxide was added to 200 ml methanol, and agitated until dissolved. This solution was added to 
the heated oil. The transesterification reaction was carried out in a 2-L beaker for 30min at 50–550 C and then 
transferred to a 2-L separator funnel and allowed to settle until the next laboratory period. After settling, the 
biodiesel phase the glycerine (by product) phase were separated. The crude biodiesel from was purified using 
gentle agitation washing with 500 ml water to remove residual methanol, soap, sodium hydroxide and glycerine. 
After washing, the biodiesel and water phases were allowed to settle and were then separated. The wash cycle 
was repeated two additional times. The masses of the biodiesel and water phases were recorded before and after 
each wash. 
 
5. Result and Discussion 
 
5.1 Experimental Results  
This section presents students’ results that reflect typical results obtained by teams in the class. Since each team 
used a different feedstock and had some flexibility in determining the experimental protocol, there was variation 
in the properties and performance of the biodiesel products. In this section we present the results from student-
produced batch of biodiesel.  
 
5.2 Effects of Catalyst Type and Amounts of Catalyst on the Yield of Biodiesel 
Experiments were carried out using different catalysts in order to investigate their influence on yield. 
CaO/zeolite, CaO/TiO2, NaOH and CH3ONa were used as the catalysts. The fractions of the catalysts were 0.50, 
1.00, 2.00, 3.00, and 4.0 wt%, respectively. As shown in Figure 1, the yield decreased with increasing amount of 
catalyst . The yields of biodiesel with CH3ONa catalyst were higher than those for NaOH catalyst. Similarly, 
Rashid et al. Found that CH3ONa catalyst was the most efficient catalyst tested, followed by NaOH, CH3OK, 
and KOH [69].  
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Figure 1. Effects of catalyst type and amounts of catalyst on the yield of Biodiesel 
 
 
 
 
5.3 Properties and Quality Testing of the Biodiesel Samples 
 
The results of the characterisations of the biodiesel samples, are presented in Table 1. 
 
Table 1: Characterisations of Biodiesel Samples 

No Biodiesel 

sample 

 

Acid number 

(mgKOH/g) 

Alkalinity 

(ppmNa/g) 

Glycerol(%) 

1 A 0.16 76.5 0.004 

2 B 0.11 27.9 0.006 

3 C 0.12 58.8 0.007 

4 D 0.10 54.6 0.007 

5 E 0.10 62.4 0.008 

 
The acidity index indicates the amount of fatty acids existing in biodiesel, that the acidity index showed 

good results for all samples within the limit established by the ASTM standards, i.e., below 0.50 mg KOH/g of 
biodiesel. It is an important factor to be determined, since free fatty acids favour the process of fuel degradation 
and compromises the life of the motor causing corrosion, deposit formation and fouling. 

The alkalinity is an indirect measure of the amount of sodium in the biodiesel. The sodium 
contamination is caused by the use of catalysts in the biodiesel production process in the form of NaOH. This 
sodium in the form of ions causes the formation of insoluble soaps which generate engine deposits. 

The glycerine concentration is an important quality parameter of biodiesel. The free glycerine in 
biodiesel associated with the presence of tri-, di- and monoacylglycerols is responsible for the formation of 
carbon deposits in the engine due to its incomplete combustion. Furthermore, according to the temperature and 
storage time, the glycoside present in the biodiesel tends to precipitate 

The density of the cooking oil was 905 kg/m3, and after transesterification the density of the biodiesel 
is 874 kg/m3. This density difference reflects adequate conversion of the transesterification reaction. The density 
of fossil diesel is lower, 855 kg/m3. The kinematic viscosity of the cooking oil is 73.2mm2/s; after 
transesterification- cation, the biodiesel has a kinematic viscosity of 4.20mm2/s. The fossil fuel had a slightly 
lower kinematic viscosity of 2.95mm2/s. The higher kinematic viscosity of the waste vegetable oil in 
comparison to the biodiesel is one of the main disadvantages of using unconverted waste cooking oil as a diesel 
fuel. The result of the cloud point test was 2.80 C.  
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Abstract: Mount Gede Pangrango National Park is often used for mountaineering activities, which may have 
some negative impacts on the montane ecosystem. Appropriate ecosystem knowledge and conservation attitudes 
of the mountain climbers are needed for the successful management of this National Park. The aim of this study 
was to gain information about the ecosystem knowledge and the conservation attitudes of mountain climbers, 
and also the correlation of these variables.  This quantitative correlational research study used a sample of 90 
mountain climbers taken by simple random sampling. Data were in a normal distribution and in a homogenous 
variance. The research indicated that the ecosystem knowledge of 46% of the mountain climbers was classified 
as good and 54% classified as very good, whilst in their attitude to conservation 2% were classified as quite 
good, 48% as good and 50% as very good. The Regression Model was Y = 16.71 + 0.063X and the coefficient of 
correlation was 0.588 and showed that 34.6% of the ecosystem knowledge was contributed to the climbers’ 
conservation attitude. This research showed that mountain climbers should have knowledge of the montane 
ecosystem in order to build their conservation attitude. This research recommended to Mount Gede Pangrango 
National Park that mountain climbers should be selected in order to contribute to the preservation of the 
ecosystem.  
 
Keywords: Mountain Climbers, Ecosystem Knowledge, Conservation Attitude 
 
 
INTRODUCTION 
 

Mountain areas cover about 20% of Earth's land (Warren and French, 2004). This area serves as a 
water source, soil, biodiversity hotspot, and also become a favourite leisure destination for residents in 
urban areas (Price and Achim, 2004). One of the recreational activities that can be carried out in the 
mountainous regions is climbing. Mountaineering is an outdoor activity carried out in the wild and 
aims to reach the highest point of a mountain. This is a high risk activity, so sometimes it takes 
physical strength and special technique (Pomfret, 2006). 

Mount Gede Pangrango National Park (TNGGP) is one of the locations that is often used for 
climbing in Indonesia. Each year 60 thousand mountaineers visit this national park to climb to the 
summit of Mount Gede and Mount Pangrango (Sastha, 2007). The high interest of the visitors to make 
the climb in TNGGP area due to the accessibility and is relatively easy as well as the climbing lane is 
sufficient. Some negative impact arising from the large number of climbers at TNGGP is that because of 
activities in May 2013 a total of 2,505 kg of waste was collected (TNGGP, 2013). In the month of 
February to October 1988 a recorded number of 636 flowers stalk was stolen from the region (Aliadi and 
Evrizal, 1990). There has also been vandalism, hardening of soil and groundwater contamination. These 
negative impacts will certainly disrupt the ecosystems in TNGGP. 

The types of mountaineers in TNGGP are mainly school students, college students, and groups of 
nature lovers. Lack of knowledge and awareness of mountaineers on how to behave in the wild is 
thought to be the one cause of the negative impact of climbing activities. To reduce the negative 
impact, the mountaineers should have knowledge of ecosystems and the good conservation attitude in 
preservation activities at TNGGP. Knowledge of ecosystems and conservation attitudes can be 
acquired through education with a variety of formal and informal approaches (Alpusasi, 2013). The 
formal approach involving institutions such as schools and colleges, while the non-formal approach 
involves institutions such as the group of nature lovers, a scientific group of teenagers, and others 
(TNGM, 2012). A formal approach brings the values of conservation through specific subjects or as 
part of other subjects. These negative impacts of climbing activities demonstrate that the 
implementation of conservation education or environmental education by the community are still 
lacking. This is confirmed by a survey conducted by the Ministry of Environmental Life in 2012 
which showed that the Indonesian public concern about the environment is low (MoE, 2012).  
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Mountaineering means outdoor activities in mountainous areas which aim to reach the highest 
point of a mountain. Satisfaction is attained when the mountain is climbed to its summit, in addition to 
the physical and spiritual satisfaction gained from contact with the grandeur of nature (Merriam Webster 
Dictionary, 2014). Mountain climbing activities are usually carried out in groups. These activities 
need supporting each member to reach the top of the mountain. Therefore, climbing activity requires 
experience, athletic ability, and technical guidelines to maintain safety during ascent (Cox, 2009). 
This study will describe and assess the knowledge and attitudes of ecosystem conservation 
mountaineers as one of the conservation efforts of the National Park of Mount Gede Pangrango. 
 
RESEARCH METHODOLOGY 
 

The operational purpose of this study was to 1) analyse the descriptive knowledge of ecosystems 
and conservation attitudes of mountaineers, 2) measures the strength of the relationship with the 
knowledge ecosystem and conservation attitude of Mountaineers in Mount Gede Pangrango National 
Park. This research was conducted at Mount Gede Pangrango National Park in May 2015. The method 
used is a qualitative research method through correlational studies. The independent variable is the 
knowledge of ecosystems while the dependent variable is the attitude of the conservation of mountain 
climbers in TNGGP.  

Samples were selected by simple random sampling of 90 mountain climbers.  This research used 
2 kinds of instruments, the instrument of ecosystem knowledge and the conservation attitude 
instrument. Aspects of knowledge instrument is based on the knowledge component consists of 
factual, conceptual and procedural. While the ecosystem aspect consists of components of the 
ecosystem, ecosystem functions, ecosystem management and ecosystem ethics. Ecosystem instrument 
scale was a dichotomous True and False scale.   

The attitude of conservation was assessed using a five point Likert scale. Score statement has a 
range of scores from 1 to 5 for positive and negative statements. The aspects of attitude conservation 
instrument are cognitive, affective, and conative (Anwar, 2007). While the conservation aspects were 
developed by The Law Regulation No. 5 of 1990 which consists of the activities of protection, 
preservation, and utilization. 

 
RESULTS AND DISCUSSION 
 

This study showed that mountain climbers had 3 purposes in mountaineering; 50% came for a 
new experience, 25% as a hobby and 25% climbed for fun (Diagram 1). The highest score of the 
knowledge ecosystem is 38 while the lowest score was 27. The average score of ecosystem knowledge 
is 32.43 and the standard deviation is 2.61. This research indicated that the ecosystem knowledge of 
46% of the mountain climbers was classified as good and 54% classified as very good (Diagram 2). 
The highest score of conservation attitude is 301 while the lowest score was 174. The average score of 
conservation attitude is 247.73 and the standard deviation is 24.17. This research indicated that the 
conservation attitude of 2% was classified as quite good, 48% as good and 50% as very good 
(Diagram 3) 
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This research obtained the knowledge of mountaineers in the category of good and very good. The 
results suggested that there is a significant positive correlation between ecosystem knowledge and 
conservation attitude with the regression equation Y = 16.707 + 0.063X. The Analysis of variance is 
shown in Table 1. 
 

 
Table 1. The Anova for significance Ŷ = 16,707 + 0,063X Y = -18.133 + 1,042X model 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 209.633 1 209.633 46.530 .000a

Residual 396.467 88 4.505  

Total 606.100 89  

a. Predictors: (Constant),  Conservation Attitude    

b. Dependent Variable: Ecosystem Knowledge   

This research showed that the correlation coefficient between ecosystems knowledge and 
conservation attitudes was 0.588, which is included in the strong enough category of relationship. This 
relationship indicated that mountaineers’ conservation attitude was strong enough related to the 
knowledge ecosystem that is owned by mountaineers. If the ecosystem knowledge of the mountaineers 
is good, the conservation attitudes will also be good. Likewise, if the ecosystem knowledge of the 
mountaineers is bad, then the conservation attitude will also be bad. 

 
Table 2. The Regression Model of Ŷ = -18,133 + 1,042X and the equation correlation between 

ecosystem knowledge and conservation attitude 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 16.707 2.316 7.213 .000

 Conservation Attitude .063 .009 .588 6.821 .000

a. Dependent Variable: Ecosystem Knowledge  
 

Ecosystems knowledge has strong enough power relationship with conservation attitude.  
Attitude is formed by various aspects, one of them is knowledge. Ecosystem knowledge will shape the 
attitudes towards conservation. Ecosystem knowledge that is owned by the mountaineers was obtained 
and was found that 56% had excellent knowledge and 44% had good knowledge. Ecosystem 
knowledge included biotic and abiotic components, functions and benefits, management systems and 
ethics of society. These aspects were part of the conceptual, factual and procedural aspects of 
ecosystem knowledge. 

Mountaineers experience ecosystem knowledge since the elementary school until high school 
level. Mountaineers have mastered conceptual aspects of the ecosystem. They also understand the real 
and factual aspects in the field of ecosystems, and they understand procedurally in applying the 
concepts of the ecosystem in the field in this case when climbing a mountain. 

An excellent ecosystem knowledge helps in formation of a good attitude as well. Attitudes include 
cognition, affection, and conative aspects while aspects of conservation, including protection, preservation 
and utilization. The mountaineers who has a good conservation attitude will show good behaviour in 
climbing. This attitude is important in order to preserve the nature, among others in the mountains. The 
mountaineers’ conservation attitude was rated as 50% excellent, 48% good and 2% good enough. A 
good attitude is to support the conservation attitude. Good knowledge of the ecosystem will shape a 
good conservation attitude. A good attitude will build good behaviour. Therefore, someone needs to be 
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given ecosystem knowledge, and hope that eventually conservation areas on the face of the earth can 
be protected and preserved. 

Ecosystems knowledge and conservation attitudes have become important also for the 
management of protected areas, especially mountain climbing places where a lot of the population turns 
to climbing activities. Management blunders that ignore conservation principles will bring to the 
destruction of ecosystems and conservation areas that will ultimately harm the public as well. 

Ecosystem knowledge contributed as much as 34.6% to the conservation attitude of 
mountaineers and 65.4% was contributed by other variables include environmental awareness, 
environmental responsibility. Other aspects also need to be nurtured and developed so that it becomes 
an integral and supporting conservation attitudes and behaviour. Management in various aspects is 
important done either through schools, youth groups, formal institutions because mountaineers in the 
community are mostly young men and women. Ardahan (2012) reported that there is a positive 
relationship between behaviour and environmental impact of a person's participation in activities that 
interact with nature such as mountain climbing, hiking, camping, caving, etc. 
 
CONCLUSION 

 
This study concluded that the ecosystems knowledge has strong enough relationship with the 

attitude of conservation of mountaineers. This study implies that to preserve conservation area, a 
mountaineer needs to know the basics of ecosystem knowledge, because knowledge of the ecosystem 
will relate to the conservation attitude. Suggestions for future research could be made with the addition 
of samples from various categories such as gender, educational background and education, given the 
character of mountain climbers is very varied. This is important for environmental preservation efforts 
of conserved areas. 
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Abstract: An enormous number of online resources available on the internet are being used by authors in report 
writing. Instead of paraphrasing with proper references and citations, some writers opt for shortcuts to generate 
new documents from documents already published on the internet, by using word spinning software. Some of 
these word spinning tools are known to be capable of evading plagiarism checks. For this reason, some argue 
that there would not be any legal obligation related to plagiarism in word spun reports. However, ethical and 
quality issues of such documents cannot simply be disregarded. Despite an apparent lack of literature published 
on this issue, this paper includes a fairly comprehensive analysis of different views related to ethicality and 
plagiarism, from published articles and user forums. In recent years, staff members at Waiariki Institute of 
Technology have encountered word spun reports submitted by students for assignments. The quality of some of 
the sentences of such reports was found to be lowered or distorted. This research was also focussed on 
examining both the quality of sentences and the degree of plagiarism of documents created by using a number of 
word spinners available on the internet. The plagiary of word spun documents was tested using Turnitin 
software. The quality of each sentence from a number of word spun documents created by a number of word 
spinners was categorised as ‘improved’, lowered’, or ‘distorted’ and then analysed using QSR NVivo10 
software. The findings of this research indicate significant quality degradation in the word spun documents and 
total evasion of plagiarism checks. 
 
Keywords: Word Spinning, Plagiarism, Ethics 
 
 
INTRODUCTION 
 

A large number of research papers have been published on issues related to plagiarism. Some literature 
focuses on the issues in detecting plagiarised materials whereas other researchers focus on the consequences of 
using them. Bretag (2013) contends that plagiarism must be dealt with as it breaches academic integrity. About 
two decades ago the difficulty in dealing with plagiarism was the “lack of reliable empirical data on the 
frequency, nature and extent of plagiarism in student assignments” (Walker, 2010, p.41). It was not only time 
consuming and costly to detect plagiarised materials used by students in reports, but also tedious to penalise 
them for such actions (Martin (1992). Further, according to Martin (1992), some plagiarised parts of a report 
could not be recognised and it was even difficult to prove suspected plagiarised contents. 

The technology has changed over the years; most sources of literature are digital and available on the 
Internet today. Students use massive amounts of these online resources in report writing today (Cyber Plagiarism 
& Statistics, 2016). According to Bailey (2015), Wikipedia is the source of information most widely used by 
students in both secondary and higher education sectors. The accepted practice of using such resources is to 
paraphrase the related readings with proper referencing and citations to avoid plagiarism. This practice is being 
used by many students in writing reports for their assessments. Unfortunately some students use copy and paste 
facilities along with electronic editing tools to produce reports from the resources available on the internet 
(Bailey, 2015).  It is timely and vital to examine the ethicality of such actions and also the originality of such 
reports. This paper uses non-consequentialist ethical theories as a basis for evaluating ethical aspects of the use 
of word spinning. 

Most word processors provide a list of synonyms for a selected word in a sentence and the user can 
replace the said word with an alternative word to improve the quality of the writing. This feature enables the user 
to do some word spinning using synonyms. According to Sinha, Singh and Kumar (2009) there is some element 
of plagiarism in editing an original source document by substituting synonyms for some words; it is a common 
practice in the educational sector. This research also examines the ethicality of using synonyms in word 
processors for word spinning when writing reports. 

Most higher education institutions use Turnitin software for detecting plagiarised contents of 
electronically submitted student reports. Turnitin software is capable of detecting the original sources students 
copied from such as internet pages, published journal articles, books, or even other students’ reports which were 
previously uploaded on to this software.  In addition, Turnitin is capable of determining the legitimacy and the 
quality of such sources (Bailey, 2015).  
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In recent years, some staff members at Waiariki Institute of Technology, Rotorua, New Zealand, have 
encountered many word spun reports submitted by students for their assignments. The WIT staff use Turnitin 
software for checking the originality of the electronic documents submitted by their students. Unfortunately, 
Turnitin software highlights only the plagiarised contents and is not capable of identifying documents prepared 
using word spinning tools. Some tutors found poor quality, meaningless, distorted sentences in word spun 
documents. Therefore, tutors had to spend more time, reading over a report multiple times to understand the 
meaning of some sentences. The researcher was inspired to embark on this research project to find answers to 
the research questions listed in this paper. In order to explore the quality and the effectiveness of word spinners, 
three freely available word spinning software tools were chosen, experimented with and the results were 
analysed. 
 
BACKGROUND 
 

A definition of the phrase ‘Word Spinning’ cannot be found in most English dictionaries. The Merriam-
Webster online dictionary defines word spinning as “an action or process of expressing one-self in words in a 
showy or especially verbose manner” (Merriam Webster Dictionary, 2015, p. 1). According to this definition, 
word spinning may be a useful process to improve the quality of a sentence. Despite a lack of literature written 
on the legitimacy of using word spinning, there are different views of the legitimacy and ethicality of this 
expressed in blogs and forums. For example, Hexham (1999) describes legitimate paraphrasing as re-writing of 
an original text using different words with the acknowledged sources. According to Hexham’s (1999) 
description, word spinning using synonyms in word processors should be legitimate. Chambers (2014) describes 
word spinning as clear cut plagiarism. According to McClellan (n.d.), word spinning is worse than plagiarism, 
due to the user’s attempt to conceal the originality of the source. Chambers (2014) refers to his first experience 
of creating a blog article, using word spinning on an already published article, as shocking, stating “it sounds 
like a clear-cut case of plagiarism to me” (Chambers, 2014, p.1). In addition, Chambers (2014) says that some 
word changes can alter the meaning of a sentence completely.  

The following comments are found on the V7N forum with regard to the practice of word spinning (V7N 
forum, 2012).   

 Word spin tools may be used, but spun content should be reviewed to make sure it makes sense. 
 Spinner tools make hundreds of duplicates from one original article. 
 Word spinning could be somewhat a case of machine domination over humans. 
 Word spinning is used because some are too lazy to write themselves 

Although paraphrasing is similar to word spinning, it has different definitions. A free online dictionary defines 
paraphrasing as restating a passage using different words, especially to clarify (The Free Dictionary, 2016) 
whereas the Oxford English Dictionary (online) describes paraphrasing as rewriting something in one’s own 
words expressing the original idea (Oxford Dictionaries, 2016). Pechnick (2001; p.10) argues “Don’t plagiarize. 
Express your own thoughts in your own words….  Note, too, that simply changing a few words here and there, 
or changing the order of a few words in a sentence or paragraph, is still plagiarism. Plagiarism is one of the most 
serious crimes in academia”. 

The meaning of the word “ethics” varies in different contexts. According to the Oxford English 
Dictionary (online) (2015), ethics are the moral principles that govern a person’s behaviour, or govern the 
conducting of an activity. There are many theories available on ethics. The three main categories of ethical 
theories are: Consequentialist theories, Non-consequentialist theories, and Agent-centred theories. According to 
Bonde and Firenze (2013), the duty-based approach of non-consequentialist ethical theories is concerned with 
the intentions of the individuals’ ethical actions.  

Currently there are a number of word spinning software tools available on the internet (see Table-1). 
Some of the free software, such as Spinbot and Free-Article-Spinner, spin a whole article without providing any 
options of words to choose from. The free word spinning tools such as Best-Free-Spinner provide the user with 
synonyms to choose from, enabling the user to choose a suitable word without affecting the meaning of the 
sentence. Word Spinners such as Article Writer suggest synonyms for some words and also allow the user to 
enter their own word to replace a word (see Table-1). Although most word spinners ignore capitalised words by 
default, this is optional for the user. Most word spinners are known as article spinning tools and are also 
described as text rewriting and content creation tools (see Table-1) 

 
Table 1. Popular Word Spinners. 

Name of Word Spinner Description 
Spinbot Article spinning, text rewriting, content creation tool 
Article Rewriter Article rewriting tool. 
Free Article Spinner Article spinning tool 
Best Free Spinner Article spinning tool 
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Paraphrasing Tool   Text rewriting tool 
Ant Spinner Article Writing tool. 

 
 
RESEARCH QUESTIONS & METHODOLOGY 
 
The research aims to answer the following questions: 

1. Do the Word Spinning software tools evade plagiarism? 
2. Does the freely available Word Spinning software improve the quality of the sentences of the 

documents?  
3. Is the use of word spinning software tools in creating documents from already published materials 

ethical? 
4. Is the use of word spinning an act of plagiarism? 

 
This research explored literature on activities such as: Word Spinning using word spinners, Word Spinning by 
substituting words using synonyms in word processors, and manual paraphrasing used in electronic text editing. 
The secondary data from published literature were analysed and the ethicality of the use of word spinning in 
report writing was explored. The duty-based approach of non-consequentialist ethical theory is concerned with 
the intentions of the individuals’ actions (Bonde & Firenze, 2013). Therefore, this research used the duty-based 
approach as a basis for discussion on ethicality in this research.  
 
As a part of this research, a document was word spun by three word spinners: Spinbot, Free-Best-Spinner, and 
Free-Article-Spinner and then the quality and the degree of plagiarism of the generated documents were 
examined. A published article on the internet containing plain English was chosen as the source document. This 
source document was copied to each word spinning software and subsequently generated three word spun 
documents, using the auto spin option. The degree of plagiarism of the three word spun documents was checked 
using Turnitin software. The quality of each sentence in each word spun document was compared manually with 
the corresponding sentence in the original source document. This was done by an English language specialist 
who is a native English speaker. Comparing the quality of each sentence in the three word spun documents with 
the corresponding original sentence, each sentence was categorised as ‘improved’, ‘lowered’, or ‘distorted’. The 
QSR NVivo10 software was chosen to analyse the data due to its capability in analysing qualitative data.  Each 
word spun document was uploaded to QSR NVivo10 software and each sentence was grouped into one of the 
following groups: ‘improved’, ‘lowered’, ‘distorted’. This process was repeated for each word spun document; 
the data was then analysed.  
 
RESULTS AND DISCUSSION 
 

The more appropriate definition of paraphrasing is “rewriting something in one’s own words that 
expresses the original idea” (Oxford Dictionaries, 2016, p.1). According to this definition, there is a clear need 
for attribution from the author for their rewritten work and the authenticity of contents is not questionable. But 
according to some other definitions such as one found on a free online dictionary, paraphrasing is “restating a 
passage using different words” (The Free Dictionary, 2016, p.1).  Based on the second definition, paraphrasing 
could be legitimate even if an author uses synonyms in a word processor, or any word spinning software in their 
rewritten work.  Most word spinners restate the submitted text using different words without user intervention. 
Such word spinners could be far away from the first definition as there wouldn’t be any effort from the user to 
improve or individualise paraphrased content as the computer program does this itself. 

On the other hand, if word spinning is used by someone with the intention of avoiding plagiarism checks, 
according to the duty-based approach of non-consequentialist ethical theory, it becomes a clear unethical act. 
Some word spinners provide a manual option to the user, listing a number of synonyms for most words of the 
original document so that the user can choose a suitable one. According to Sinha, Singh and Kumar (2009) there 
is some plagiarism in using synonyms in a word processor for editing electronic source documents. In addition, 
this has been reaffirmed by authors such as Pechnick (2001). Some authors describe word spinning as an action 
or process to improve the quality of paragraphs (Hexham, 1999). 

Turnitin software was used to check the originality of the three word spun articles produced by three 
word spinners. Turnitin was unable to identify the website from which the original article was copied in each of 
the word spun articles and found zero plagiarism. This research established the fact that most word spinning 
tools are capable of evading plagiarism checks. 

The quality of the sentences generated by the three word spinners is shown in Figure 1. According to the 
findings of this study, the Free-Best-Spinner produced the worst results. The quality of 70% of the sentences was 
lowered. The meaning of 20% of the generated sentences were found to be distorted (see Figure 1). According to 
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this result, Free-Best-Spinner with the automatic spin option is not suitable for word spinning to improve the 
quality of the contents of an article.  Unfortunately, the manual spin option available in this word spinner was 
not functional at the time of carrying out this research. The other two word spinners: Spinbot and Free-Article-
Spinner generated better quality sentences in comparison to the Free-Best-Spinner (see Figure 1). These two 
word spinners produced similar sentences with moderate quality. Both Spinbot and Free-Article-Spinner 
improved the quality of the sentences of the original document by 24% (See Figure 1). Both of these word 
spinners lowered the quality of the sentences of original document by 47%.  Although the Spinbot provides no 
manual option word spinning, Free-Article-Spinner has this feature so that the user can choose the best word 
from a range of words suggested by the word spinner. 
 

 
Figure 1. Quality of word spun documents. 

 
Some users use word spinning software with the intention of improving the quality of their own articles whereas 
some others use it to evade plagiarism checks and/or to generate a document without any or minimal 
contribution. Therefore, the duty-based approach of non-consequentialist ethical theories was found to be the 
best option for analysing the ethicality of the word spinning actions (Bonde & Firenze, 2013). According to this 
theory, the intention of the user when using a word spinner measures the ethicality of the action. 
 
CONCLUSION 
 

It is evident that word spinners are capable of evading plagiarism checks. If an author uses a word spinner 
using the auto spinning option with no contribution from the author to the generated report, then the user should 
expect more quality degradation than quality improvements. In addition, it is obviously unethical to claim the 
authenticity of such reports. Therefore, user intervention to identify improved, low quality and distorted 
sentences and also the need for rewriting some identified sentences is essential to produce a better quality 
document.  

Despite some elements of plagiarism, the use of synonyms in a word processor to select better words or 
using a word spinner with manual spinning which enables the user themselves to select better words, could be 
slightly preferable as there is some contribution from the author. What is important in this activity is the 
intention of the user using these software tools. If an author uses a word spinner with the intention of evading 
plagiarism checks, it should be seen as a clear act of plagiarism and is unethical. Most free word spinners 
generate poor quality outputs and are not intelligent or capable enough to improve the quality of most sentences; 
the worst scenario is the distortion of the meaning of some sentences. 

The outcomes of this study will be significant for students who use word spinning tools with good 
intentions. It also provides some insight into the quality and the ethicality of the use of word spinning tools to 
stakeholders: students, teachers and researchers. This research indicates further research is needed on the use of 
word spinners on documents with more technical jargon, as this research was limited to the use of word spinners 
on documents with plain English such as stories. 
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Abstract: Mathematics Classroom cannot be far from its components like surroundings, objects, effects or 
situations, and these effective elements create the environment of mathematics classroom. Using the theoretical 
grounds of ‘What is happening in the classroom?’, and ‘Mathematics Classroom Environment Instrument 
(MCEI)’, the study aims to examine the students’ perceptions of mathematics classroom environment on the 
basis of the students’ gender, age groups, and religions. It was done using the simple random sampling of 279 
samples out of 679. Five point Likert scale was used to collect the data from survey and both descriptive and 
inferential statistics were used to analyse the data. The findings from the research indicate that there is positive 
perception of students towards mathematics classroom environment. On the basis of gender, findings of the 
study show significant differences in perceptions of students towards teacher support and student cohesiveness. 
While concerning the age group of the students, the results show that there is a significant difference in 
perception of students towards students’ cohesiveness, teacher support, cooperation and equity; however, student 
involvement was not found significant. Similarly, in the case of religion, students’ perceptions towards 
classroom environment is significant for the teacher support scale. The students who are enrolled in additional 
mathematics perceive significant difference in equity in their classroom environment. The implications of this 
study can be used in educational institutions, for curriculum design and for other researchers to identify the 
causes of low learning achievement in mathematics.  
 
Keywords: Perception, Classroom Environment, Gender, Achievement
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INTRODUCTION 
Mathematics Students’ Perceptions of their Classroom Environment 

 
Mathematics Classroom cannot be far from its components like surroundings, objects, effects or 

situations, and these effective elements create the environment of mathematics classroom. Basically, here are 
two types of environments, “external and internal” (Bhattrai, 2004, p.51) affecting the mathematics 
classroom and this study is concerned about the internal mathematics classroom environment. Internal 
mathematics classroom environment relates to those elements, which are particularly faced inside the 
classroom.  Maybe the learning process of students is influenced under the mathematics classroom 
environment as “learning environment” of classroom affects the teaching and learning of mathematics 
(Yilmaz & Cavas, 2006, cited as in Ntow, 2009, p.1).  

Process of learning mathematics is either self-developed in students or it can be created through 
learning environments inside the mathematics classroom. Sammons and Michelle (2011) agreed on class 
room learning environment which included real life math task, data analysis, math word walls, instruments of 
measurement, mathematical communication, class created math charts, graphic organizer, calendars, 
evidence of problem solving, circulation of fresh air inside the classroom and classroom infrastructure to play 
a vital role in the learning process.  

When I was in grade 7 at a community school, I used to sleep in mathematics class. We were 70 
students in a dimly light classroom that had only one window. It seemed that it was due to the classroom 
environment, that I felt sleepy in the class. I did not pay attention to the teacher in the math class due to 
laziness. As a result, I always failed in mathematics. My parents changed my school due to my poor 
performance in all subjects. They believed that the so-called better school would be better for students and 
help achieve good marks in every subject. I really found that the learning pattern was different in the new 
school whilst the classroom infrastructure, classroom decoration was similar as of the previous school. It 
seems that there is no significant difference between the attributes of these two school classrooms except the 
classroom-learning environment.  I was in grade 9 when I was shifted to another school where I enjoyed my 
math class. My new mathematics teacher dealt with mathematical problems in a different way. My 
mathematics teacher taught me in both grade nine and grade ten. We had to present the solution of class 
work, even if it was incorrect. My mathematics teacher guided me during the presentation in front of the 
class. I got similar chances every 4/5 classes. It was not only for me, but for others also. Really, I got both 
theoretical and practical concepts about mathematics whilst in the secondary school. 

Those who can make a good “tuning” (Presmeg, 2014, p. 11) in practice and understanding on 
mathematics will have opportunities and options for shaping their future (National Council of Teachers of 
Mathematics, 2000). It seems that mathematics can be important for easy and better life. If so, isn’t it 
important to work hard to improve the performance of math teachers in teaching and learning mathematics in 
the Nepalese context?  
 
Assertion of Ailing 

In this era of science and technology, the teaching and learning process in mathematics is changing 
day by day. Instructional pedagogy is being used in mathematics education inside the classroom, and students 
are engaged in it. Although, the fail rate of students in mathematic is still a problem for all stakeholders, 
mainly for mathematics education researchers. This is a problem for the whole world. In the context of our 
country Nepal, students' fail rate is going up in mathematics subject in the School Leaving Certificate (SLC) 
exam year by year. From the past analysis, 22.46% in 2009, 24.72% in 2010, 35.97% in 2011, 47.29% in 
2012, 52.90% in 2013, 65% in 2014, and 70% in 2015 have failed in mathematics subjects only.  

The given statistical data shows that the fail rate of students in mathematics subject in the SLC exam 
is very high, which is increasing year by year. So is happening with other developed countries. Camoy and 
Rothstein (2013) state that in the USA there is very poor performance in mathematics and they had 
unacceptable results for grade eight students.  This problem is not only a matter of concern for us, but for 
others also. To find out the reason, many researchers have done several studies as to understand the 
achievement as well as performance of students in mathematics. Likewise, Koirala (2012) wrote that   lack of 
long term learning pedagogy inside the classroom also increases the fail rate in mathematics. It is a big issue, 
but we are not much clear about the particular reason why students are failing in mathematics. 

Maybe the classroom environment can minimize the problems.  Danso (2009) states that the 
classroom environment is an important factor for better performance in mathematics for higher level 
students; it seems that classroom environment may support better performance of students in mathematics 
subjects, but there arises a question--what are the students’ perceptions of mathematics in our context? Is it 
only for senior students? Or, it might be useful for only secondary level students? Thus, I intend to measure 
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the perception of grade nine students towards Mathematics classroom environment and this might be an 
important factor for creating interest in learning mathematics in Nepalese context for further study. It is clear 
that the classroom-learning environment is important for mathematics learning but what type of learning 
environment is necessary to be established inside the classroom? What kind of learning environment is in the 
students’ interest? How students think about their classroom environment? This study attempts to answer 
these questions. 
 
 
Research Questions 
Following research questions have been framed or the study: 

1. What are students’ perceptions of their mathematics classroom environment? 
2. Does mathematics classroom environment differ on the basis of the students’ age, their gender and 

religion? 
3. Does mathematics classroom environment differ with the students’ selection of optional 

mathematics? 
 
Research Hypothesis 

By making the assumptions we start hypothesis testing. Generally, in research hypothesis, we test 
the hypothesized value and actual value from the sample data, which are collected from the population size.  
Sthapit (2003) states, hypothesis is used to examine “whether the prior knowledge is supported by the sample 
information or not” (p. 225). Researchers compare and analyse by using some inferential statistics concepts 
for hypothesis testing. For this, the researcher follows the types of hypothesis, null hypothesis and alternative 
hypothesis tested. Levin and Rubin (1998) state, “we cannot accept or reject a hypothesis about a population 
parameter simply by intuition, instead, we need to learn how to decide objectively, on the basis of sample 
information, whether to accept or reject a hunch” (p.402). Those hypotheses, for the present study are given 
below:  

1. Hypothesis 1: There is difference between students’ gender towards the environment of their 
mathematics classroom. 

2. Hypothesis 2: There is difference between students having various age groups towards the 
environment of their mathematics classroom. 

3. Hypothesis 3: there is difference between the involvement in mathematics group and religion 
towards the environment of their mathematics classroom. 

4. Hypothesis 4:  there is difference between the religions towards the environment of their 
mathematics classroom. 

 
Mathematics Classroom Environment 

Things around in mathematics classroom are a part of the overall mathematics classroom 
environment. The physical infrastructure of mathematics classroom, as well as the psychosocial aspect of the 
mathematics classroom both contribute to enhance the learning and teaching environment in mathematics. 
However, there is relationship between learning environment and classroom environment. Learning 
environment inside the mathematics classroom includes students’ perceptions of the classroom goal structure 
and teachers’ instructional discourse (Turner et al., 2002).  It is clear from past research, mathematics 
classroom environment can boost up the students’ confidence so that they can achieve better results in 
mathematics, and thus the perception of students should be addressed in their mathematics classroom 
environment. So, different elements or factors of classroom structure can be taken as an indicator of 
mathematics classroom environment, which is important for this study.  
 
Indicators of Mathematics Classroom Environment 
Simply, the indicator can be defined as the measuring scale. The measuring scale about progress, direction, 
condition or perception is also known as indicators. Indicators are used to measure the effects of classroom, 
perception of students and teachers (Friedrich, Flunger, Nagengast,  Jonkmann, & Trautwein, 2015).  The 
brief indicators talk about the 7 scales of the What is Happening in the Classroom? (WIHIC) questionnaire, 
which is a valid measure of classroom environment (Dorman, 2003). Defining the measuring, the perception 
of students about classroom environment, Taylor (2004) wrote as, although the WIHIC instrument has seven 
scales, the Mathematics Classroom Environment Instrument (MCEI) comprises only five scales namely;  

1) Student cohesiveness  
2) Teacher support  
3) Involvement,  
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4) Cooperation and  
5) Equity. 
 
In this research, these five indicators are used to measure the perceptions of students about their 

mathematics classroom environment. This research is focused on measuring the perceptions of students about 
mathematics classroom environment. In the context of Nepal, students can be classified into two genders: 
male and female. The third gender is not considered due to their negligent number. The “role of gender” 
indicator is used for measuring motivational learning environment (Yang, Cho, & Watson, 2015) and that 
there is a relation between gender and mathematics classroom environment.  
 
Collaborative Approach in Mathematics Teaching 

To promote foundation of study in a particular topic collaborative approach might be effective. 
Group discussion brings a lot of ideas among the learners.    Creating ideas and sharing of knowledge might 
be fruitful for understanding the concept. Whatever is discussed in a group or such activities, reinforces the 
idea to solve the problem. Collaborative learning is a group work where students can share their ideas 
through “group activities” (O'Donnell, Hmelo-Silver, & Erkens, 2013). So, group activities are one of the 
major activities for collaborative learning.  Forming of group activities is not only sufficient to make a 
successful learner but collection of ideas among students, and sharing is most important in collaborative 
approach in teaching. “Collaborative learning can only succeed when students share their doubts, comments 
and questions with other students who share the same or common education goal” (Olguin, Delgardo, & 
Ricarte, 2000, cited as in Innerney & Roberts, 2005, p. 322). 

 
RESEARCH METHODOLOGY 
 

This study is based on quantitative analysis involving the survey method aimed to measure the 
perceptions of students of the mathematics classroom environment. Survey is a popular technique in 
education field (Creswell, 2011), which is focused, to determine individual opinions about the aim of this 
study by taking closed ended questionnaires to “identify important beliefs and attitudes of individuals” 
(Creswell, 2011). 

Lalitpur sub – Metropolitan city was taken as a population study city in which total 695 students 
were taken for survey from grade nine of 16 community schools. To avoid biasness in sampling, random 
sampling, “method of drawing a portion or sample of a population or universe that each number of the 
population or universe has an equal chance of being selected” (kerlinger, 1998, p: 118), is used. The National 
Education Association Bulletin (1960) states, the sampling for small sample can be determined by using the 
sampling technique (p. 99). The sampling formula is presented below and used to calculate for student 
sampling. 

	 	
	 1

1 1
 

	
1.96 	 695 0.50 0.50

0.05 694 0.25
247.5 248 

 Where, 
X2 =  Z2 (tabulated value of Z  from normal distribution) 
P = the population proportion (assumed to be 0.50 since this would   
        provide the maximum sample size). 
d  =  degree of accuracy expressed as a portion 0.05. 
 
With the help of this sample number of students the researcher selected sample number of schools 

by using card selection method. For this, the average number of students from sixteen schools is calculated; 
that is  

44 43.43  
16

695
 

nobservatio ofnumber 

school 16 from students of numbers
                                    

; students of no Average          
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The researcher needs 248 students. That’s why 248 is divided by 44 average students and got 

5.63 	 	 	 	 5.63	 6. Now, the researcher needed 6 schools for sample and took all 

students from these sample schools.  
The number of students in all the schools was in a homogeneous form. So, there is no bias for 

selection in this card method.  Under the title of random sampling, the researcher used card method under the 
simple random sampling. With this card method, the researcher wrote the name of all 16 schools in sixteen-
play cards and well shuffled, drew six cards, one by one without replacement system. Out of these selected 
six schools the total number of students taken for sample study are represented below in Table 1.  

 
Table 1. Sample Participants 
Name of School No of Boys  No of Girls Total participants 

A 16 18 34 
B - 33 33 
C 37 35 72 
D 32 25 57 
E 32 22 54 
F 13 16 29 

Total 130 149 279 
 Out of the 279 respondents, 23 (7 boys and 16 girls) respondents’ responses remained invalid.  
Other 256 were used for analysis. Out of the total candidates 47.68% were girls (149), 44.08 % were boys 
(123), and 8.24% were invalid responses.  
 
Tools for the Study    
 
Five indicators or dependent variables (student’s cohesiveness, teacher support, involvement, cooperation 
and equity) and four independent variables (gender, age group, mathematics group, and religions) were 
analysed using Likert scale with the help of 40 closed ended questions, which were taken and managed from 
the similar type of research “Senior Secondary School Students‟ Perception of Their Core Mathematics 
Classroom Environment and Attitude towards Core Mathematics” (Ntow, 2011). 

All the statements of survey or questionnaire are positive towards mathematics classroom 
environment. A value of 5 is allocated for very often, 4 is for often, 3 is for sometimes, 2 for seldom and 1 
for almost never on the Likert scale. 

 
Validity and Reliability 

In the beginning phase of pilot survey, the researcher selected 20 students of grade 9 from a private 
school for reliability test. The researcher translated the questionnaire into Nepali language, and did a pilot 
survey. The reliability was negative at the beginning but the researcher changed some terminologies and tried 
to make it contextual to the environment. The reliability test gave negative Cronbach’s alpha α of - 0.049 
from first pilot survey. After analysing the result some key words were changed and another survey was done 
using 20 students (grade 9) from another school and got the value of Cranach’s alpha as + 0.919.  
 
Ethical Consideration 

The survey approach practices and ethical considerations occur at multiple points in the research 
process (Creswell, 2011). The researcher must focus on the sampling, respect participants and take an 
informed consent.  Privacy, dignity and safety was followed during the survey. In case of privacy, the 
researcher collected the surname only and not the first name. There is no category of the students as so called 
talented students and weak students, which respects the dignity of the students. The collected information is 
also kept safe by the researcher.  
 
Data Collection and Data Analysis Procedures 

Primary data collection process will be used for the study. Data are originally collected through 
closed ended questionnaires.  The Statistical package for Social Sciences (SPSS) software will be used to 
describe
the data in some manner. Descriptive statistic helps to answer such question as, “How widely dispersed is 
this data?”, ‘are there a lot of different values?’ ‘What value is in the centre?’ Some visual representation also 
can be used under the descriptive statistics like, histogram, bar diagram, pie chart, and square and circle 
diagram but, the researcher mainly used mean and standard deviation. 
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 When we need to collect data from very large population, then inferential statistics comes into play. 
Probability distribution, hypothesis testing, correlation testing and regression analysis can be used under the 
inferential statistics, but the researcher used only hypothesis testing concept. Hypothesis testing was taken 
through the comparable mean between two groups and more than two groups, t-test was used for testing 
mean between two groups, and one-way ANOVA was used for more than two variables for testing of mean. 
 
Sample Characteristics 

Mainly the indirect variables, age group and gender of students were taken for the study by using 
five subscales or indicators in this chapter. Out of all 279 respondents from the six sample schools, only 256 
respondents (91.76%) filled all information in a valid manner, and 23 respondents (8.24%) were rejected for 
data analysis due to incomplete questionnaires.  Out of correct respondents, 51.95% were female and 48.05% 
were male. The detailed participants are listed in the given table below on the basis of the variables. The 
percentage of gender, age group of students, religion and mathematics groups are presented. 

 
 
 

Table 5. Sample Characteristics 
Gender N % 

Male 
Female 

123 
133 

48.04 
51.96 

Age N % 
14 
15 
16 
17 

18 & above 

15 
57 
89 
60 
35 

5.85 
22.26 
34.76 
23.43 
13.70 

Religion N % 
Hindu 

Buddhist 
Christian & Others 

186 
54 
16 

72.65 
21.09 
6.26 

Math Group N % 
Optional Mathematics (Y) 
Optional Mathematics (N) 

77 
179 

30.08 
69.92 

The maximum participants are female from gender variable, which are 51.96%. The highest 
participants from age group category are 34.76% (sixteen years old). From the religion variable, 72.65% are 
from Hindu religion, which are the highest participants from religion. The number of students not taking 
optional mathematics is high, which is 69.92% from the total students.  
 
Students’ Perceptions of MCE 

 
Students’ perceptions of Mathematics Classroom Environment deals with the first research question, 

“What are the grade nine students’ perceptions of their mathematics classroom environment?” All 
respondents belonged to the community schools from Lalitpur sub – Metropolitan city. All of them 
responded to all forty questions. The average mean value of all indicators is 3.0, which is obtained from the 

ratio of the sum of types of scale and numbers of types of scale. 	 3.0. Mean 

and standard deviation of all five indicators are presented in the given table below; 
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Table 6. Grade IX Students’ Perceptions of Mathematics Classroom Environment 
 Student 

Cohesiveness 
Teacher 
support 

Involvement Cooperation Equity 

Number of 
Respondents 

(N) 256 256 256 256 256 

M 3.67 3.76 3.37 3.59 3.77 

SD 0.640 0.540 0.785 0.645 0.657 

 
The highest average value is 3.77 from the perception of equity. There is no bias in mathematics 

classroom while teaching mathematics to all students. We can represent the indictors in a descending order, 
Equity > Teacher Support> Student Cohesiveness> Cooperation>Involvement and there is more 
homogeneity in teacher support which is, SD = 0.540 the minimum SD value among all indicators. 
 
 
 
 
Students’ Perceptions of MCE by Gender of Students 

 
In this section, the researcher used both types of statistics; descriptive and inferential statistics. 

Descriptive statistics used are mean and standard deviation and inferential statistics is used in the form of t – 
test on gender of students. If the significance level is more than 0.05 (p> 0.05) then the null hypothesis is 
accepted else, alternative hypothesis is accepted. 

The below given Table 7 talks about the descriptive and inferential statistics. For comparison, male 
and female genders were taken for the study and the study was based on the “H0: there is no difference 
between the perceptions of male and female students towards mathematics classroom environment”. With the 
help of the given data, which is represented below, the researcher tests this hypothesis. 

 
Table 7. Comparison of Male and Female Students’ Perceptions of MCE 

Indicator Gender N Mean SD t  - value P 
Sig (2 – tailed) 

Student Cohesiveness 
Male 123 3.56 0.67 

-0.218 0.006* 

Female 133 3.77 0.60 

Teacher Support 
Male 123 3.67 0.56 

-2.660 0.008* 

Female 133 3.84 0.51 

Involvement 
Male 123 3.30 0.80 

-1.316 0.190 
Female 133 3.43 0.77 

Co – operation 
Male 123 3.52 0.63 

-1.658 0.099 
Female 133 3.66 0.65 

Equity 
Male 123 3.70 0.74 

-1.831 0.068 
Female 133 3.85 0.57 

t – value significant at *p< 0.05, SD = Standard Deviation 
 
From the above table, it can be seen that the total no of male respondents was 123 and 133 are 

female who responded equally on all indicators. By the help of this table, the researcher tests the null 
hypothesis about the perceptions of Mathematics Classroom Environment based on the gender of students. 
The average value of a male is 3.56, which is less than the average value of female i.e. 3.77. There is more 
positive relation
of girl students’ perceptions of the students’ cohesiveness. Inferential statistic states that there is very low 
value of significance (t – value = -0.218) for p< 0.05. Thus, the null hypothesis is rejected. This means that 
there is difference between male and female students’ perceptions of students’ cohesiveness. The null 
hypothesis also stands rejected in case of Teacher Support as significant difference in means is reported. That 
means, there is difference between male and female students perceptions towards teacher support. 
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Students’ Perceptions of MCE by Age of Students 

 
The researcher used one-way analysis of variances (ANOVA) to test the perceptions about 

mathematics classroom environment by taking the different age groups (14, 15, 16, 17 18 and 19 years old), 
as represented in Table 9.  

There are differences between the students’ perceptions based on age groups of mathematics 
classroom environment on all the scales except the Involvement scale. The mathematics classroom 
environment instruments are under the dependent list and are affected by the factors (ages of students) 
categorized in six groups.  

 
Table 9.  
One-way ANOVA on Perception of Students of Mathematics Classroom Environment by Age Groups 
 df F Significance value 
Student 
Cohesiveness 

5 
3.030 .011* 250 

255
Teacher 
Support 

5 
3.443 .005* 250 

255 
Involvement 5 

1.098 .362 250 
255 

Co-operation 5 
3.900 .002* 250 

255 
Equity 5 

3.521 .004* 250 
255

F value significant at *p < 0.05. 
 

Thus, the null hypothesis, partially rejected. 
 
Students Perceptions of MCE by Mathematics Group 

 
Having optional mathematics and having only compulsory mathematics may also have an effect on 

the  perception of mathematics classroom environment which can be understood by using inferential 
statistics. The group statistics or descriptive statistics are presented together. Here only two independent 
variables are used as, ‘Yes’ and ‘No’. Yes means the students taking optional mathematics and compulsory 
mathematics and No means the students are not taking optional mathematics but only compulsory 
mathematics. Thus, the researcher uses the concept of t- test.  
 
Table 10.  
Students’ perception of MCE by Mathematics Group 

Indicator  N Mean SD t  - value P 
Sig.(2 – tailed) 

Student Cohesiveness 
Y 77 3.71 0.449 

0.903 0.367 

N 179 3.64 0.707 

Teacher Support 
Y 77 3.72 0.485 

-0.621 0.535 

N 179 3.77 0.562 

Involvement 
Y 77 3.39 0.740 

0.468 0.640 
N 179 3.44 0.804 

Co – operation 
Y 77 3.50 0.730 

-1.447 0.149 
N 179 3.63 0.604 

Equity 
Y 77 3.60 0.756 

-2.479 0.015* 

N 179 3.84 0.597 
t value significant at *p< 0.05. 
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Total 77 students were taking optional mathematics and 179 students were not in the group of 

optional mathematics. The perceptions of students on student cohesiveness belonging to mathematics group 
is higher (M=3.71 & SD = 0.449) then those who are not in group of optional mathematics. For the teacher 
support, the perceptions of students are quite different. Those students who were not in optional mathematics 
group has higher means (M=3.77 & SD = 0.562). Perception on involvement, co-operation, and equity is 
more of those students who are not taking optional mathematics.  

Perception on Equity of students belonging to mathematics group rejects the null hypothesis as p < 
0.05. It seems that, there is significant difference between students on the Involvement scale who have and do 
not have optional mathematics. Table 10 explains about the relation between the mathematics group towards 
the mathematics classroom environment. 
 
Students’ Perception of MCE by Religions 

Religion is another indirect variable, which is categorized under Hindu, Buddhist, Christian and 
Muslim.  Altogether 186 students were Hindu, 54 were Buddhist, and 15 were Christian and only one student 
was found Muslim among the sample size. Christian and Muslim considered as Christian and others due to 
only one student in Muslim. The data is given in Table 11. 
 

 
 
 

Table 11. Students’ Perceptions of MCE by Various Religions 
 

Hindu 
N=186 

Buddhist 
N = 54 

Christian 
and Others 

N = 16 F 
Sig. 

(2 tail) 
M SD M SD M SD 

Student  
Cohesiveness 

3.69 0.641 3.57 0.638 3.81 0.558 2.082 0.103 

Teacher  
Support 

3.69 0.575 3.90 0.419 4.09 0.154 4.170 0.007*

Involvement 3.35 0.769 3.40 0.848 3.44 0.763 0.623 0.600 
Co-operation 3.57 0.661 3.63 0.588 3.76 0.669 0.595 0.619
Equity 3.74 0.664 3.82 0.667 3.87 0.520 0.708 0.548 
F value significant at  *p< 0.05. 

 
In Table 11, the perceptions of students about teacher support in relation to religion is significant (p 

< 0.05). The average rate of Hindu students towards five indicators (MCE) is similar. Buddhist students have 
more positive relation towards teacher support. Christian and others are also more positive towards teacher 
support. The highest mean value of Christian and other, is M = 4.09 and SD = 0.154. 
 
Conclusion 
 

Most of the students are failing in mathematics subject in School Leaving Certificate Examination. 
From the past analysis, it is clear that the fail rate is increasing year by year. To make the rate decline in 
future, schools and mathematics teachers should play significant role in different classes. The researcher is 
doing different kinds of research for better ideas and conclusion. In the same manner, this research is also 
assessing the perceptions of students of mathematics classroom environment in grade nine students. The 
teachers and the school administration can also apply the findings of such research in mathematics classroom.  
If students’ perception is more positive towards five subscales except involvement by taking age group, then 
teacher should be provided more effective training to make more effective and achievement oriented teaching 
classes because most of 15 age group students are enrolling in grade nine under this study. 

There is significant difference between teacher support and students’ cohesiveness by gender of 
students. Perception of other indicators indicates the similarity between the genders. This requires further 
investigation in future.  
 
Educational Implications 

Mathematics subject is compulsory subject in the context of Nepal. Optional mathematics is also 
there for students. Some students took both mathematics subjects and some were busy only with compulsory 
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math. Those students who had good command in mathematics tend to select Optional Mathematics. Anyway, 
mathematics is a compulsory subject; no students can escape from this subject for academic degree. Students 
have to pass it in each level up to grade 10. Thus the headache of students, schools, teachers, parents, 
government is that most of the students fail in mathematics. How to improve the pass rate is the main concern 
for educational stakeholders? This research has got some findings which may help implement these agendas. 
The findings from this research can be implemented in education institutions, for curriculum and professional 
development.  As a result, the fail rate might decline in future. The implications are discussed below. 
 
Some findings seemed to be applicable in educational sectors like schools, and in curriculum designs. 
Finding of this study may help bring the quality of education in schools. Findings can be directly applicable 
in schools. These findings can enhance the teaching pedagogy to bring out better performance in students.  
Some implications are mentioned below: 

1. Through this research high perception in equity is reported, thus mathematics teacher can teach   
his/her students by using the equity pedagogy inside the classroom to bring interest in studying 
mathematics and enhance their performance.  

2. Under the finding of this study, teacher support is also highly acceptable by students. Thus, school can 
make plans about teacher training focusing on how to deliver more mathematical knowledge in better 
ways to learners.  

3. Curriculum designers can use the concept of teacher support role in curriculum.  
4. Schools should develop some ideological concepts towards students involvement in mathematics 

classroom since this research found that student involvement is very low. 
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Abstract: The purpose of this study was to determine the effect of a Blended Learning (BL) model toward students’ 
achievement viewed from students’ creativity. This experimental research study used a one group pretest-posttest design. 
From the population of 262 students in grade XI of SMA Negeri l Pati Academic Year 2013/2014, 32 students of XI-IPA 
2 were selected by random cluster sampling technique to be involved in this study. The data was collected by using test 
and non-test techniques through observations, a questionnaire, and documentation. The data was analysed using one way 
ANOVA with a significance of 5%. Results of the research showed that the Ho was rejected, meaning that the 
implementation of the BL model viewed from students’ creativity was   effective in terms of student achievement. 
  
Keywords: Blended Learning Model, Students’ Creativity, Students’ Achievement 
 
 
INTRODUCTION  
 

Mastery in information communication and technology (ICT) is one of the skills that are required in the 21st 
century learning. Sutrisno (2012) stated that in perspective of global education, ICT is supporting in the effectiveness of 
education. According to the National Science Teachers Association (2006), the purpose of 21st century science learning 
directed to prepare students with a variety of skills such as: critical thinking, creative and innovative, problem solving, 
communication, collaboration, ICT literacy, and leadership. Learning management system (LMS) is an ICT-based 
program aimed to supporting the implementation of learning in schools as an awareness campaign of government in 
realizing that ICT-based education is important in order to build community with high technology literacy.  

Modular Object-Oriented Dynamic Learning Environment (Moodle) is software of LMS or e-learning open 
source. Moodle is a very complete system with many features and is very effective for use as a learning tool in schools. 
By using the moodle, teachers can provide learning material in the form of text, web, animation, multimedia, e-books, 
presentations, discussions, examinations, and online learning (Putra, 2013). ICT-based learning tools ideally can be used 
by teachers and students to support their learning qualities optimally. Teachers can organize online learning or upload the 
learning material and learning tasks interactively with the students in the school and outside school and vice versa 
(Clarket, 2011). This is supported by Pisapia statement that the integration of ICT in learning can be used effectively on 
all subjects (Pisapia, 1993).  

Factually, ICT-based learning facilities in schools have not been optimally utilized by both teachers and students. 
ICT-based learning facilities are widely used to play (games), and use social media in teaching and learning. 
Questionnaire data showed that only about 30% of teachers utilize ICT for learning and approximately 40% of students 
use ICT to support learning tasks. Low interest of teachers in implementing ICT-based learning is formulated because it 
is only done online, without face-to-face interaction between students and teachers, so that the students’ social attitudes 
are less developed. This could affect the mind set and learning styles of students, teachers, and school culture. 

Blended learning (BL) is a learning model that combines ICT-based learning (online) with face-to-face learning 
and a variety of media such as: journals, articles, animations, which act as inputs into the LMS (Dzakaria, 2006). Steps of 
BL model according to Woodall (2010) includes: prepare me (The Readiness Phase), tell me (The Presentation Phase ), 
show me (The Demonstration Phase), let me (The Practice Phase), check me (The Assessment Phase), support me (The 
Assistance Phase), coach me (The Experience Phase) and connect me (The Collaboration Phase). BL model has many 
advantages such as: 1) improving the effectiveness and efficiency of learning by exploring students abilities through 
online media; 2) building communication with students through online media (Clyde & Delohery, 2005). Application of 
BL in the biology learning relevant to the nature of science learning that includes four things: process, product, attitude 
and technology (Carin & Sund, 1989). The effectiveness of BL model toward students’ achievement are supported by 
various studies (Singh: 2003; Dziuban,    Hartman & Moskal: 2004; Yendri: 2009; Melton, Graf & Foss: 2009; Motteram 
& Sharma: 2009; Yapici &   Akbayin: 2012). 

The students’ creativity is one of the internal factors that influences students' achievement, because it is related 
with the ability of a person to generate new ideas in an effective way (Setiadarma & Fidelis, 2003: 109). The 
characteristics of person who has the creativity is able to generate a lot of ideas, create a variety of alternative solutions to 
problems and the original ideas as a result of his own thought, explain something in detail, examine the issue in a 
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different perspective with new ideas. Therefore, in the application of BL models in biology learning, creativity serves as 
an aspect of a review. 

 
RESEARCH METHODOLOGY 
 

This study aims at determining the effect of BL model toward students’ achievement viewed from students’ 
creativity. This experimental research study used one group pretest-posttest design. From the population of 262 students 
in grade XI of SMA Negeri l Pati Academic Year 2013/2014, 32 students of XI-IPA2 were selected by random cluster 
sampling technique. The data were collected by using test and non-test techniques through observations, a questionnaire, 
and documentation. The data was analysed using one way ANOVA with a significance of 5%. 

 
RESULTS AND DISCUSSION 
  

Table 1. Students’ Achievements (Cognitive, Affective and Psychomotor)  
Viewed From Students’ Creativity 

Creativity 
Category N Aspects of Students’ Achievement 

Cognitive  Affective Psychomotor 
High  14 82.54 83.64 81.96 
Low 18 73.06 77.61 74.17 

 
Table 1 shows that students in high creativity category have cognitive, affective, and psychomotor achievements higher 
than students in low creativity category. Difference in value of students’ achievement with high creativity category was 
observed to be significantly higher as compared with students’ achievement with low creativity category. It means that 
creativity influences students’ achievements (cognitive, affective, and psychomotor). 
 

Table 2. Students’ Achievements (Cognitive, Affective, Psychomotor) Before and After Using BL 

Test N Students’ Achievement 
Cognitive  Affective Psychomotor 

Pretest 
Posttest 

32 
32 

77.20 
82.78 

80.25 
82.98 

78.58 
83.34 

 
Table 2 shows that, in general, the students' achievement (cognitive, affective, and psychomotor) in posttest is higher 
than pre-test. It means that BL model is effective in improving students' achievements (cognitive, affective, and 
psychomotor). 

 
Table 3. Normality Test of Students’ Achievement (Cognitive, Affective, Psychomotor)   

 Test 
Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
Cognitive Pretest 0.070 32 0.200* 0.973 32 0.597
 Posttest 0.123 32 0.200* 0.978 32 0.750
Affective Pretest 0.111 32 0.200* 0.906 32 0.009
 Posttest 0.134 32 0.154 0.966 32 0.398
Psychomotor Pretest 0.066 32  0.200* 0.985 32 0.923
 Posttest 0.106 32 0.200* 0.962 32 0.312
 

Based on the normality test as given in Table 3, the pretest value of cognitive aspect is significant (0.200>0.05), which 
means  that pretest data of cognitive aspect are normally distributed. Likewise, the posttest value of cognitive aspect with 
significance (0.200>0.05), means that cognitive aspects are normally distributed. The pre test value of affective aspect 
with significance (0.200>0.05), means that pretest data of cognitive aspect are also normally distributed. Likewise, the 
posttest value of affective aspect with significance (0.154>0.05),  means that posttest data of affective aspect are 
normally distributed. The pretest value of psychomotor aspect with significance (0.200>0.05), means that pretest data of 
psychomotor aspects are normally distributed. Likewise, the posttest value of psychomotor aspect with significance 
(0.200>0.05), means that posttest data of psychomotor aspects are normally distributed. The test decision is that pretest 
and posttest data of cognitive, affective, and psychomotor aspects of achievements are normally distributed. 

 
Table 4. Homogeneity Test of Students’ Achievement (Cognitive, Affective, Psychomotor)  

 Levene Statistic df1 df2 Sig. 
Cognitive Based on Mean 1.209 1 62 0.276
Affective Based on Mean 1.523 1 62 0.222
Psychomotor Based on Mean 0.708 1 62 0.403
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Table 4 shows that homogeneity test of cognitive aspect of the students’ achievement (significance 0.276>0.05), means 
that the data of cognitive aspect of the students’ achievement are homogeneous. Homogeneity test of   the affective 
aspect of the students’ achievement (significance 0.222>0.05), means that the data of affective aspect of the students’ 
achievement are homogeneous. Similarly the homogeneity test of psychomotor aspect of the students’ achievement 
(significance 0.403>0.05), means that the data of psychomotor aspect of the students’ achievement are homogeneous. 
The test decision of students’ achievement was homogeneous. 

 
Table 5. Homogeneity Test of Students’ Achievement (Cognitive, Affective, Psychomotor) Viewed from Students’ 

Creativity 
 Levene Statistic df1 df2 Sig. 
Cognitive Based on Mean 0.028 1 30 0.869 
Affective Based on Mean 0.552 1 30 0.463 
Psychomotor Based on Mean 0.158 1 30 0.694 

 
Table 5 shows that based on the results of homogeneity test, cognitive aspect of students’ achievement as an impact of 
BL model viewed from students’ creativity (significance 0.869>0.05), means that the data was  homogeneous. Similarly, 
the results of homogeneity test that affective aspect  and psychomotor aspect of students’ achievement as an  impact of 
BL  model viewed from students’ creativity  (significance 0.463>0.05 & 0.694>0.05 ), means that the data was 
homogeneous. The decision of test that data of cognitive, affective, and psychomotor aspect of students’ achievement as 
an impact of BL model viewed from students’ creativity were homogeneous. 

 
Table 6. ANOVA Test Results Tests of Between-Subjects Effects 

Source Dependent Variable 
Sum of 
Squares 

df Mean Square F Sig. 

BL dimension1 
Cognitive 412.576 1 412.576 12.866 0.001
Affective 101.292 1 101.292 4.713 0.034
Psychomotor 463.370 1 463.370 17.715 0.000

Creativity dimension1 
Cognitive 538.588 1 538.588 16.796 0.000
Affective 315.007 1 315.007 14.658 0.000
Psychomotor 410.461 1 410.461 15.692 0.000

BL_Creativity dimension1 
Cognitive 207.813 1 207.813 6.481 0.013
Affective 38.308 1 38.308 1.783 0.187
Psychomotor 114.191 1 114.191 4.366 0.041

 
Table 6 shows the effect of BL on cognitive, affective, and psychomotor aspects of students’ achievement. The effect of 
BL on cognitive aspect of students’ achievement with significance level of 0.001<0.05 (H0: rejected), means that BL is 
effective for improving cognitive aspect of students’ achievement. The effect of BL on affective aspect of students’ 
achievement with significance level of 0.034<0.05 (H0: rejected), means that BL is effective for improving cognitive 
aspect of students’ achievement. The effect of BL on psychomotor aspect of students’ achievement with significance 
level of 0.000<0.05 (H0: rejected), means that BL is effective for improving psychomotor aspect of students’ 
achievement. In general, BL model is effective for improving cognitive, affective, and psychomotor aspect of students’ 
achievement.   

 
In terms of creativity, the influence of creativity on students’ cognitive, affective, and psychomotor with 

significant 0.000<0.05 (H0: rejected), means creativity affects cognitive, affective, and psychomotor achievement. So 
creativity is effective for improving cognitive, affective, and psychomotor achievement. In terms of interaction of BL-
creativity, the influence of interaction of BL-creativity toward cognitive aspect of students’ achievement is significant 
with a level of 0.013<0.05 (H0: rejected). It means that interaction of BL-creativity   effects the cognitive aspect of 
students’ achievement or effective to improve cognitive aspect of students’ achievement. The influence of interaction of 
BL-creativity toward affective aspect of students’ achievement with a significant level of 0.187>0.05 (H0: accepted). It 
means that interaction of BL-creativity does not effect for affective aspect of students’ achievement or not effective to 
improve affective aspect of students’ achievement. The influence of interaction of BL-creativity toward psychomotor 
aspect of students’ achievement with a significant level of 0.041<0.05 (H0: rejected). It means that interaction of BL_ 
creativity is effective for psychomotor aspect of students’ achievement or effective to improve psychomotor aspect of 
students’ achievement. 
 
The Influence of BL Model to Improve Students’ Achievement  

In general, BL model is effective for improving cognitive, affective, and psychomotor aspects of students’ 
achievement. The improving of cognitive, affective, and psychomotor aspect of students’ achievement is related to 
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characteristics of BL model. Seventh step of BL model (Coach me) is students with high skill process science category 
share with other students in group. It’s related to social learning theory of Vygotsky, to form the   knowledge, students 
will construct knowledge in his mind by emphasizing social interaction. Student will learn when they interact with their 
environment. It’s supported by the result study of Melton, Graf and Foss (2009). They said that students who participate 
in BL learning actively show better results. 
 
Effect of Students’ Creativity Toward Students’ Achievement 

Statistical tests showed that there are differences in the effect of high and low category of students’ creativity 
toward cognitive, affective, and psychomotor aspect of students’ achievement. The results of this study are similar to the 
Munandar’s (2004) research study; student with higher creativity category will be able to address issues at the level of 
cognitive aspects (analysis, synthesis, and evaluation). Students who have high creativity will be able to get learning 
achievement as high as possible, because of his/her ability in responding to problems.      Student with high level of 
cognitive  ability (analysis, synthesis and evaluation) is better than student with low creativity. Based on the 
explanations, it is said that students with high creativity after the learning process will have cognitive achievement, 
affective, and psychomotor and on biological material of the Circulatory System. 
 
Effect of Interaction Between BL Model and Students’ Creativity Toward Students’ Achievement 
 
Results of this study are relevant to the research Juliantine (2009) which states that one way to bring the creativity of 
students is through the implementation of inquiry learning model, in which the teacher does not dominate learning. BL 
model in this study is a model of inquiry learning, so that through learning activities using the model BL it provides 
opportunities for children who have creativity to achieve to a maximum in both cognitive and psychomotor aspects. It’s 
relevant to social learning of Vygotsky theory that emphasizes the importance of social interaction and togetherness in 
the form of knowledge. BL model implementation in this study requires students to interact online for learning. This is 
supported by research by Yapici and Akbayin (2012) which says that the BL model contributed to biology student 
learning achievement. 

 
CONCLUSION 
 

Based on the results of the research, it can be concluded that generally Blended Learning (BL) model viewed 
from students’ creativity is effective to improve students’ achievement.  
1. BL model is effective to improve cognitive, affective and psychomotor aspects of students’ achievement. 
2. Students’ creativity is effective to improve cognitive, affective and psychomotor aspects of students’ achievement. 
3. Implementation of BL viewed from students’ creativity is effective to improve cognitive and psychomotor aspects of 

students’ achievement, but it is not effective to improve affective aspect of students’ achievement. 
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Abstract: The implementation of the K to 12 Basic Education Program is a major change in the educational landscape 
of the Philippines. In particular, the K to 12 mathematics curriculum consisted of five learning domains with the goal of 
developing critical thinking and problem solving while anchored on spiral progression and constructivist pedagogical 
approaches. This paper examined the professional knowledge bases of mathematics teachers in terms of content, 
pedagogical and technological knowledge bases for teaching, along with the alignment of their teaching practices with 
the pedagogical approaches in the intended K to 12 mathematics curriculum. A cross-sectional survey on teachers’ self-
assessment was done with 92 respondents from 17 randomly selected public and private schools in Metro Cebu, 
Philippines, the results showed that Statistics and Probability was the learning domain identified by majority (66.3 %) of 
the teachers as the greatest area of need for professional development, followed by Geometry, Measurement, Algebra and 
Patterns, and Numbers and Number Sense, respectively. In terms of pedagogy, the need for developing skills in 
constructivist teaching, implementing spiral progression approach and integrating technology in teaching science 
concepts were identified as the top three areas for professional development. Integrating technology, teaching for critical 
thinking, and designing activities for constructivist teaching were also identified as top areas of need. The findings may 
guide future directions in developing teachers’ capacity for implementing the K to 12 mathematics curriculum. 
Recommendations include the integration of reflective practice and action research within the teacher development 
model.   
 
Keywords: Mathematics teachers’ professional development, K to 12 mathematics curriculum, mathematics teachers’ 
professional knowledge bases, teachers’  
 

 
INTRODUCTION 

 
Educational reform poses numerous challenges to in-service teachers who are the key implementers in any reform. 

Given that it is largely the responsibility of the teacher to manage the teaching-learning environment in order to attain the 
desired outcomes, there is a need to build and enhance teacher capacities through more effective professional 
development models to cope with the challenges of reform. Hawkes and Romiszowski  (2001) contended that many 
educational reform efforts targeting improved student outcomes have failed due to the lack of sustained, serious, systemic 
investments in the knowledge base of individual teachers. Thus, research on teachers’ professional knowledge bases and 
current teaching practices are badly needed in the design of more responsive and relevant professional development 
initiatives to address the challenges of educational reform.  

In the Philippines, the implementation of the K to 12 Basic Education Program in 2012 is a major reform in basic 
education that changed the educational landscape of the country as it expands the basic education cycle from 10 to 12 
years and enhances the quality of educational outcomes by providing more specialized tracks in the additional two years 
of senior high school. In particular, the intended K to 12 mathematics curriculum in the Philippines encompasses five 
learning areas; namely: (1) Numbers and Number Sense, (2) Algebra and Patterns, (3) Measurement, (4) Geometry , and 
(5) Statistics and Probability, with the development of problem solving and critical thinking as the central twin goals of 
mathematics teaching. Further,  K to 12 Mathematics curriculum guide stipulates that it adopts the spiral progression 
approach to teaching and learning using pedagogical approaches grounded on the underlying principles of 
Constructivism, Experiential and Situated Learning, Reflective Learning, Cooperative Learning,  and Discovery and 
Inquiry-based Learning (Department of Education, 2013). Inspired by Bruner’s model of the spiral curriculum, spiral 
progression means developing the same concepts from one grade level to the next in increasing complexity and 
sophistication (Tan, 2012). These new specifications in content areas and pedagogical approaches towards the 
development of problem solving and critical thinking in the implementation of the new K to 12 mathematics curriculum 
pose some challenges and limitations to in-service teachers.  

Thus, in line with the goals of the K to 12 mathematics curriculum in basic education, this paper presents an 
assessment of the professional knowledge bases and pedagogical approaches of mathematics teachers in the 
implementation of the mathematics curriculum. In particular, this paper sought to answer the following questions:  
1) What are in-service secondary mathematics teachers views on their professional knowledge bases for implementing 

the K to 12  and mathematics curriculum as to the  following? 

109



 

 
 

1.1 content knowledge  
1.2 pedagogical content knowledge (PCK) 
1.3 technological knowledge  

2) Are teachers’ current practices in introducing new lessons and when lesson is in progress in line with the 
pedagogical approaches for teaching mathematics in the K to 12 Basic Education curriculum?  

The findings in these assessments may provide the basis for developing more contextualized in-service professional 
development of s mathematics teachers for implementing the K to 12 mathematics curriculum.  
 
Related Literature 

The K to 12 Basic Education program has been enacted into law as Republic Act 10533 of the Philippines 
otherwise known as the "Enhanced Basic Education Act of 2013. This reform does not only add two years to basic 
education and reiterates universal kindergarten, but also prescribes the standards and guidelines the Department of 
Education (DepEd) must follow in developing the curriculum.  Some salient features of this reformed curriculum which 
has great impact in the teaching of science and mathematics include the use the spiral progression approach to ensure 
mastery of knowledge and skills after each level and pedagogical approaches that are constructivist, inquiry-based, 
reflective, collaborative and integrative (Section 5, Republic Act 10533, 2013). These features have profound 
implications on the training and preparation of both preservice and in-service teachers.  

Given these considerations in the implementation of the K to 12 mathematics curriculum, it is important to 
consider and assess teachers’ knowledge base and pedagogical skills.  The challenges of teaching in this modern 
technological age requires that teachers’ knowledge bases will evolve and expand in various aspects and dimensions.  
Content knowledge or subject matter knowledge is not sufficient; there is need for teachers to consider knowledge of 
pedagogy and technology as well. Schulman (1987) espoused the view of teaching as essentially a learned profession 
which begins “with a teacher’s understanding of what is to be learned and how it is to be taught” and ends “with a new 
comprehension by both the teacher and the student” (p. 7).   As a framework for analysis of this conception of teaching, 
Schulman cited Fernstermacher (1986) who argued that the goal of teacher education is “not to indoctrinate or train 
teachers to behave in prescribed ways, but to educate teachers to reason soundly about their teaching as well as to 
perform skilfully” (p. 13).   He further concluded that teacher education must work with the beliefs that guide teacher 
actions, with the principles and evidence that underlie the choices that teachers make. 

Professional development for teachers is viewed as encompassing both formal and informal processes of 
knowledge and skill building. Over the past decades, the more popular types of professional development included the 
pursuit of advanced degrees, school- and district wide meetings, conferences and seminar/ workshops. Moreover, 
Hawkes & Romiszowski  (2001) claimed that despite the fact that teachers’ professional development has taken a 
permanent place in school culture, it lacked for the most part, the ability to improve teacher practice and student learning. 
They characterized such professional development activities as nothing more than the delivery of an assortment of 
relatively abstract ideas providing little support to the practice. Most often, teachers attend seminar-workshops without 
any follow-through program on how these have improved their teaching practice. Further, for faculty development 
strategies to be effective and sustainable, they must reflect a systematic understanding not only on the content and 
pedagogical knowledge base of the teacher, but also on their beliefs, perceptions and dispositions as well. 

The need to improve the quality of in-service teacher development has led to emergence of newer models of 
professional development beyond traditional approaches of episodic trainings in seminar-workshop format. More recent 
versions of professional development emphasize critical reflection on teaching practice through collaboration and 
collegial dialogue (Hawkes & Romiszowski, 2001). Hawkes & Romiszowski  (2001) claimed that in order to achieve a 
clearer vision of improvement in the current of school reform requires an expanded recognition of teacher development 
needs. In science and mathematics education, Loucks-Horsley, Love, Stiles & Hewson (2003) assert that professional 
development programs should pay explicit attention on the range of knowledge bases that teachers need for teaching, 
including teachers’ content knowledge and beliefs about teaching and learning, as well as teachers’ professional contexts.  
 
RESEARCH METHODS 
 

A cross sectional survey using questionnaires was conducted across public and private schools in Metro Cebu, 
Philippines.  The target population consists of K to 12  mathematics teachers in the public and private schools of 4 cities 
and 2 municipalities of the identified area. The sampling frame consisting of a list of public and private schools obtained 
from the Department of Education. Multistage sampling comprising of stratified sampling (public and private schools) 
and area cluster sampling by schools were used to select the respondents. A total of 92 math teachers from 8 public and 9 
private schools responded to the survey. Data gathered from the cross sectional survey were analysed using descriptive 
statistics such as numerical summary measures and tables.  
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RESULTS AND DISCUSSION 
 

A preliminary characterization of the teachers’ educational and professional preparations is presented to provide a 
better understanding of the teachers’ professional knowledge bases. In terms of educational qualifications, the survey 
results revealed that most teachers (85.87%) have Bachelor of Science in Education (BSEd) degree major in Math as 
their bachelor’s degree which is the ideal preparation for teaching  secondary mathematics.  Moreover, for those who 
finished other degrees, they must have taken a Diploma or Certificate program in professional education to qualify them 
to take the licensure examination and teach in Basic Education. In terms of the teachers’ pursuit of advanced degrees 
through graduate studies, the findings reveal a lack of specialized expertise in mathematics teaching among the teacher 
respondents.  In terms of the teacher’s professional experience, the results revealed that most of the teachers (50.6%) 
have 5 years or less teaching experience in the current school where they are employed. Majority of them have less than 
10 years teaching experience in the school where they currently teach. These figures indicate a relatively younger 
population of mathematics teachers in terms of teaching experience in their field.  
 
Mathematics Teachers’ Professional Knowledge Bases 

Teachers’ professional knowledge bases refer to the various types and forms of knowledge that teachers need for 
teaching effectively their assigned subject area. In this study, it comprises the following forms of knowledge: (1) Content 
knowledge in the learning domains of K to 12 mathematics curriculum; (2) Pedagogical content knowledge (PCK)  for 
teaching mathematics  in line with the identified  pedagogical approaches and goals for teaching mathematics in the K to 
12 curriculum; (3). Technological knowledge for integrating technology effectively.  

For teachers’ self-assessment of their content knowledge, the findings revealed a tie in rank shared by Numbers 
and Number Sense and Algebra and Patterns which was ranked first by 39.8% and 43.2 % of the teachers, respectively, 
as the areas were most of the math teachers find themselves most confident to teach in terms of their content knowledge. 
Further, the area on Measurement was ranked third by 43.2% of the teachers, Geometry followed as ranked fourth by 
38.5% of the teachers and Probability and Statistics was ranked 5th by majority (63.3%) of the teachers as the area where 
they are least confident to teach in terms of their content knowledge.  

In terms of teachers’ self-assessment of their PCK for teaching, teachers were asked to rate themselves on a 
scale from 1 (lowest) to 7 (highest). The results are summarized using various descriptive summary measures, and 
presented in Table 1.  
 

Table 1. Teachers’ Self-Assessment of their Pedagogical and Technological Knowledge for Teaching Mathematics 

Teachers' Knowledge on   Mean SD Lowest  Highest Mode 
% of 
Teachers 

Addressing common misconceptions 5.75 0.92 2 7 6 60.9 
Applying the following teaching approaches to guide student thinking and learning of mathematics content 

  

  Constructivist   5.28 0.84 3 7 6 42.2 

  Inquiry-based   5.31 0.91 3 7 6 47.8 

  Reflective   5.01 0.95 3 7 5 43.3 

  Collaborative   5.50 1.01 2 7 6 62.2 

  Integrative 5.28 0.94 3 7 6 43.3 
Facilitating students' understanding of mathematics content while developing the following skills: 
 

  Problem-solving 5.57 0.94 1 1 6 54.3 

  Critical thinking   5.40 0.96 7 7 6 48.9 
 

Teaching lessons that appropriately 
combine content, technologies and                   
teaching approaches 

5.06 1.22 1 7 6 38.9 

Using strategies in the classroom that  
combine content, technologies and teaching 
approaches learned in seminars, workshops, 
conferences and related activities 

5.49 1.01 2 7 6 52.2 
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In Table 1, the mean and the standard deviation of the teachers’ ratings indicate the typical response and extent of 

variation of the teachers’ responses, respectively. Based on the mean ratings, teachers’ knowledge in addressing common 
misconceptions was rated highest, followed by their knowledge in teaching for the development of problem solving and 
critical thinking, respectively. Moreover, their knowledge in applying the pedagogical approaches indicated in the K to 
12 curriculum had the lowest ratings, particularly in teaching using constructivist approaches which are reflective, 
integrative and inquiry-based. Further, in terms of the math teachers’ knowledge for technology integration in teaching 
math, their self-assessment is relatively high in this area as indicated by the mean and modal response of the items whose 
values range between 5 and 6 in a scale from 1 to 7. 
 
Math Teachers’ Self-Assessment of Teaching Practice 

One of salient features of the K to 12 curriculum is the use of pedagogical approaches that are constructivist, 
inquiry-based, reflective, collaborative and integrative. Thus, aside from an assessment of their professional knowledge 
bases for teaching in their field, it is important to look into their teaching practice to derive implications on possible 
professional development needs in terms of their pedagogical approaches for teaching and the extent to which they are 
aligned with the pedagogical approaches for teaching the K to 12 curriculum. It is also expected that teachers use a 
variety of teaching strategies which may differ when introducing a new lesson and when the lesson is in progress. In this 
section, teachers were asked to recall the frequency of their teaching practices on a long-term basis and the modal 
frequency of responses were summarized in Tables 2 and 3 for practices when introducing a new lesson and when lesson 
is in progress, respectively.  These pedagogical practices where anchored on the descriptions provided by Prince and 
Felder (2005) on inductive, constructivist pedagogical approaches vis-à-vis  deductive, teacher-centred approaches.  
 

Table 2. Teaching Practices of Math Teachers When Introducing a New Lesson 

  Teaching Practices  Modal Frequency Percent of Teachers 

Begin the new lesson…     

with a lecture on general concepts Almost Always 41.3 

with a question that will facilitate class discussion On a Regular Basis 42.2 

with observations   On a Regular Basis 39.6 

by telling students the relevance of the lesson On a Regular Basis 38.5 

with a  question that will introduce the lesson On a Regular Basis 33.7 

with a pre-test on students' prior knowledge On a regular basis 32.6 

with a game   Situational 57.1 

with a case study   Situational 48.4 

with a concept map   Situational 45.7 

with an activity that let students discover the course Situational 37.0 

with definitions and theories Situational 33.7 

  with a complex real world problem Seldom 40.9 
 

The results in Table 2 show that for math teachers, starting the lesson with a lecture on general concepts is the 
most frequent approach for 41.3% of the respondents. This is a deductive approach which does not align with the ideal 
constructivist approaches for the K to 12 curriculum. Moreover, the next two strategies that follow which teachers use on 
a regular basis are inquiry-based (asking a question that will facilitate class discussion) and inductive (starting the lesson 
with observations) which, when properly implemented, will align with the constructivist pedagogical approaches for K to 
12. Further, it may be noted that math teachers seldom use complex real world problems as a starting point for 
introducing a new lesson. This strategy is aligned with the constructivist approach and is very ideal for making students 
find meaning and relevance in learning mathematics in the real world. This is one area of need that may be addressed in 
teachers’ professional development.  

 
On the other hand, math teachers’ practices when the lesson is in progress are summarized in Table 3. The results showed 
that the two most frequent practices which are almost always done are: (1) concept teaching by presenting examples and 
counter example and (2) behaviourist teaching where students work on drills and exercises repeatedly until mastery is 
achieved. On the other hand, teachers’ practices on a regular basis are indicative of alignment with constructivist 
approaches such as engaging students in small group tasks, provides activities that allow students’ reflection and making 
connections to real world scenarios. However, strategies that use technology to engage students and promote interaction, 
and to enhance presentation were identified as seldom practiced by teachers. Technology integration in the teaching of 
mathematics in the K to 12 curriculum is another identified area of need.  
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Table 3 . Teaching Practices of Math Teachers When the Lesson is in Progress 

Teaching Practices  Modal Frequency Percent of   Teachers 

Presents examples and counter example Almost Always 53.3 

Let students work on drills and exercises Almost Always 46.2 

Engages students in small group tasks On a Regular basis 54.3 

Provides activities that allow students to reflect On a Regular Basis 51.5 

Allows students to make connections to real world scenarios On a Regular Basis 48.9 

Provides time for students' presentation of their work output On a Regular Basis 48.9 

Adjusts discussions according to students' response On a Regular Basis 46.7 

Provides activities that allow students to see the usefulness of mathematics On a Regular Basis 45.7 

Uses questions to provide the context On a Regular Basis 44.0 

Explains the lesson thoroughly On a Regular Basis 46.2 

Demonstrates the procedures and processes Situational 50.5 

Uses technology to engage students to interact Seldom 46.7 

Uses technology to enhance presentation Seldom 44.0 
 

 
 
 
 
IMPLICATIONS, CONCLUSIONS AND RECOMMENDATIONS 
 

These findings on teachers’ self-assessment of their own professional knowledge bases and teaching practices 
provide various insights and implications for the in-service professional development of mathematics teachers. First on 
their educational preparation, while most of the teachers’ undergraduate preparation was a teaching degree in their field, 
there are very few teachers who pursue advance degrees who specialize in mathematics education. A considerable 
number of teachers purse graduate degrees in other disciplines such as administration or in guidance and counseling, and 
yet continue to teach mathematics.  

Second, the results of this teachers’ assessment reveal that there is a need for teachers to strengthen and expand 
their content knowledge base across the various learning domains of the mathematics curriculum. Of the five learning 
domains, the teaching of Statistics and Probability is the area identified of most urgent need for development, followed 
by Geometry. These results indicate the need to focus first on these areas in terms of teacher development through a 
sustainable continuing professional development program. Third, the results indicate that most mathematics teachers 
need retooling in terms of the constructivist pedagogical approaches to address the goals and standards for teaching 
mathematics stipulated in the K to 12 curriculum. This indicate the need for teachers to be capacitated in designing more 
engaging activities for a constructivist teaching-learning environment in their classes. Finally, the results showed that 
mathematics teachers’ teaching practices indicated a mix or transition from traditional teacher-centred to more 
constructivist learner-centred strategies. This implies that these teachers have the disposition towards improving their 
professional knowledge bases and pedagogical competencies for teaching in their field. There is a positive indication of 
shifting from traditional teacher-centred approaches to more constructivist strategies.  

With these implications, there is the need to expand teachers’ professional knowledge bases and build up teachers’ 
pedagogical skills in designing teaching-learning activities in line with the goals and pedagogical approaches of the 
reformed mathematics curriculum.   In conclusion, the findings of this survey support the need for the development of a 
more coherent, relevant professional development program with some degree of flexibility to cater to different needs and 
aspects of teaching mathematics across the different levels of the K to 12 mathematics curriculum. Further, such model of 
teachers’ professional development must connect teachers’ needs and current practices with the pedagogical approaches 
of the K to 12 science/mathematics curriculum through reflective, collaborative and integrative approaches with the 
activities and learning domains covered in the program.   

 
 
REFERENCES 
 
Department of Education (2012). The K to 12 Basic Education Program. Retrieved  June 2012 from  www.deped.gov.ph.  
Prince, M. J., & Felder, R. M. (2006). Inductive Teaching and Learning Methods: Definitions, Comparisons, and 

Research Bases. Journal of Engineering Education, 95(2), 123–138. 

113



 

 
 

Hawkes, M., & Romiszowski, A.  (2001). Examining the Reflective Outcomes of Asynchronous Computer-Mediated 
Communication on Inservice Teacher Development. Journal of Technology and Teacher Education,  9(2), 283-
306. 

Loucks-Horsley, S., Hewson, P., Love, N., & Stiles, K. (2003) Designing Professional Development for Teach- ers of 
Science and Mathematics. Thousand Oaks, CA: Corwin Press. 

Republic Act No. 10533. Enhanced Basic Education Act of 2013. Retrieved from:      
http://www.gov.ph/2013/05/15/republic-act-no-10533/ 

 Shulman, L. S. (1987). “Knowledge and teaching foundations of the new reform,” Harvard Educational Review, 57 (1), 
1-22. 

Tan, M. (2012). Spiral progression approach to teaching and learning. Paper presented at the National Convention of 
Catholic Educators Association in the Philippines (CEAP). Manila: CEAP.  

 
 
 

 
 

  

114



 

 
 

THE USE OF GAP AND MAPLE SOFTWARE IN TEACHING GROUP 
THEORY  

 
Ema Carnia, and Sisilia Sylviani 

 
Department of Mathematics, Universitas Padjadjaran 

Jl. Raya Bandung Sumedang KM 21 Jatinangor Sumedang 45363, West Java, Indonesia 
Email: ema.carnia@unpad.ac.id 

Email: sisilia.sylviani@unpad.ac.id 
 
 

Abstract: Algebra is a subject that must be taken by all students in an undergraduate mathematics study program. 
However, teachers are often faced with students’ difficulties in understanding some of the concepts that are contained in 
this subject. The tendency of students who generally follow the development  of  technology  can  be  seen  as  an  
opportunity  to overcome these problems. Several studies have been undertaken regarding the use of computers in 
teaching abstract algebra.  One such study was the research conducted by Muzaffer Okur et al. in 2011. They performed 
a comparison between GAP software and ISETL, ESG and FGB. Given that the software mentioned above (except GAP) 
is software that is old and not  updated  anymore.  This paper  will  detail  a  comparison between  GAP  and  Maple  
software as  a commonly  used  software and constantly  updated  until  today.  The paper will focus on the concept of 
group theory as the basis for understanding the course of abstract algebra. The result shows that in terms of visualization, 
Maple is better than GAP. However, in terms of substance GAP is still better than Maple. 
 
Keywords: Abstract algebra, GAP, Maple, Group theory  
 
 
INTRODUCTION 
 
 Algebraic structure is one of the compulsory subjects in the Mathematics Study Program curriculum across the 
University in Indonesia. Therefore, every student in the mathematics study program should take the course. However, a 
common problem faced by the lecturers of this course is the students’ difficulty grasping the concepts that contained in 
the course. That fact strengthened with students who tend to have low grades for this subject. Hazzan, in his paper, 
mentioned that many lecturers of the Algebraic Structure course reported student’ difficulty in understanding the material 
they convey (Hazzan, O., 1999). Similar problems are also raised by other researchers such as Dubinsky and Leron 
(Dubinsky, E., & Leron, U., 1994).  There are some things that caused it, such as: (1) the concepts in Algebraic Structure 
are very abstract, (2) many examples of the concept are not recognized properly by the students, (3) a lot of students are 
not familiar with deductive proof (Okur, M., Dikici, R., Sanalan, V.A., & Tatar, E., 2011). 
 To overcome this problem, there are some efforts that have been made by the lecturer. Such as using some 
modified teaching method to deliver the material and conducting tutorials to make students have better understanding of 
the concepts. There are some researchers who also conducting a research related to it. Some researcher provides some 
kinds of tasks related to a particular concept, then analyse the response of the students in answering the task. Dubinsky, 
Dautermann, Leron and Zazkis focus on the improvement of students' understanding of specific concepts (R. Zazkis, E. 
Dubinsky, & J. Dautermann., 1996). In addition to the development of teaching methods, there are some researchers who 
use the current conditions as a chance to make an effort to improve the students understanding in algebraic structure 
course. Currently we are in the age of information or computerization era. Almost all aspects of our life use the computer 
as a medium or tool in doing things. Computer can also be used as a multifunctional tool. Some researchers take 
advantage of it in delivering the concepts of algebraic structure. In 1976 Gallian uses a computer program written in 
FORTRAN to investigate a group. Some other researchers use computational programs designed for algebra, including 
Geissinger who uses the program Exploring Small Group (ESG), O 'Bryan and Sherman use the program Cayley, and 
Dubisnky and Leron use ISETL program. In addition, there is also a program that is not designed specifically for 
computational algebra, such as MATLAB (Asiala, M., Dubinsky, E., Mathews, D. M., Morics, S., & Oktaç, A., 1997). 
 Other studies conducted by Measure et al. in 2011. They make a comparison of the use of some software in 
learning algebraic structure. They compare the usage of GAP with ISETL, and ESG with FGB (Finite Group Behavior). 
ISETL, ESG, and FGB are software that quite old and doesn’t have active development such as GAP. Therefore, this 
paper will discuss the comparison of two software’s, which is still being developed, that can be used as a learning tool for 
group theory. That software is GAP and Maple. GAP is a software that designed specifically for computational algebra, 
especially group theory. While Maple is a software designed for numeric computation. This paper will discuss how the 
use of such software in learning Algebraic Structure. The advantages and disadvantages in the usage of that software will 
also be discussed. 
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Group, Algorithm, and Programming (GAP) 
 Group, Algorithm, and Programming (GAP), is a software that specifically designs for computing the algebraic 
structure material, especially group theory. GAP is a free, open, and extensible software that can be used for computing 
group theory. GAP was first developed in 1985 at Lehrstuhl D für Mathematik, RWTH Aachen Germany by Joachim 
Neubüser, et al. The first version of GAP was introduced to the public is version 2.4 which was released in 1988. In 2008 
GAP receive an award from the ACM / SIGSAM Richard Dimick Jenks Memorial Prize as a superior software 
engineering for computational algebra. Up until now GAP is still being developed at the University of St. Andrews, St. 
Andrews, Scotland. The latest version of GAP is 4.8.2 that released on February 2016 (The GAP Group, 2006). 
 

 
Figure 1: User interface of GAP 4.7.2 

 
Alexander Hulpke developed GAP installer version 4.4.12. The installer will install GAP and also GGAP, a "graphical 
user interface" for the system (A. Hulpke, 2011). Figure 2 shows the GGAP user interface. 
  

 
 

Figure 2: User interface of GGAP 
 
 

Although the display of GGAP is more comfortable to be seen, however GGAP still using GAP version 4.4. Therefore, 
although GGAP can still be used to carry out some specific command, but the use of GAP version 4.8.2 is recommended. 
GAP has approximately 100 packages that acts as an algorithm, a method, or a library. From a programming point of 
view, this software has a lot of "function" and "operation". GAP currently own more than 800 default function that can 
be used to study various topics in Group Theory. Therefore, GAP can be used to provide many examples, from the 
simple to complex sample in a relatively short time compared to search for it manually. 
 
Maple 
Maple is a commercial computer algebra system developed and sold commercially by Maplesoft, a software company 
based in Waterloo, Ontario, Canada. The current major version is version 2015, which was released in March 2015. It 
was first developed in 1980 by the Symbolic Computation Group at the University of Waterloo. The users can enter 
mathematics in traditional mathematical notation. Custom user interfaces can also be created. There is support for 
numeric computations, to arbitrary precision, as well as symbolic computation and visualization 
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Figure 3: Maple 2015 user interface 

 
The first limited version was released in December 1980 and demonstrated for the first time at conferences in 1982. The 
name Maple is a reference to Maple's Canadian heritage. Maple is not a software that especially design for computation 
in algebra, but now it has been equipped with a package that is designed for computational group theory. The 
package is called Group Theory. The Maple Group Theory package has over 150 commands for constructing groups, 
examining their properties, performing operations, and visualization. This package includes:  

 Large set of group constructors and databases of standard groups so it is easy to get started. 
 Support for alternating and symmetric groups; cyclic, dicyclic, and dihedral groups; linear, orthogonal, and 

unitary groups over finite fields; quaternions; the group of the Rubik’s cube; Galois groups; and many more. 
 Numerous operations, including isomorphism testing; examining subgroup lattices; splitting a group into 

conjugacy classes; factoring a group element into a coset representative and a subgroup element; computing if a 
group is simple, nilpotent, or soluble; identifying isomorphisms for groups up to order 200; computing standard 
subgroups, such as Sylow subgroups, the center, and the derived subgroup; and many more. 

 Easy visualization of Cayley tables and subgroup lattices. 
 Symbolic groups, in which some properties of the group are expressed as variable parameters while other 

characteristics are known. 
 

 
Figure 4: one of the visualization that can be shown in Maple 

 
 
 
The Use of Gap in Learning Group Theory 

Before using GAP and Maple in the study of Group Theory, the student must first have enough knowledge 
about the concept of the group theory. First the lecturer gives the definition and example about the concept that will be 
delivered to the students, and then use GAP and/or Maple to help the students have better understanding about the 
concept. For example if the concept is quotient group, then the lecturer has to explain first what is Group, Subgroup, and 
coset in classical way. After the students have sufficient knowledge about the group and subgroup, then the lecturer can 
use GAP and/or Maple to help them understand about the material. This part will describes some steps that can be used to 
make the students have better understanding in quotient group concept using GAP. 

The first step, in GAP worksheet, the students asked to construct a group. This can be done by trial and error, 
using the example of a group that has been described in the classroom, or use an existing command on GAP to be able to 
build a group. Each method has advantages and disadvantages. If students do trial and error in constructing the group, 
then the students can sharpen their understanding about the group that they have acquired in classroom. GAP will give 
the output "fail" when the set that entered is not a group. These way students not only know but also understand the 
definition of a group. But, of course, by doing trial and error in constructing the group, then the time required in the 
process also becomes longer. On the other hand, the process will be faster if the student uses the example of a group that 
has been delivered by the lecturer or using the command on GAP for constructing a group. After students successfully 
construct a group, the next step is they asked to find a subgroup of the group that they have acquired. The next step, the 
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students asked to find all the right and left cosets using GAP, based on the knowledge they have acquired. The students 
can also see and compare they obtain. Figure 5 describes that steps. 

 

 
Figure 5: Determining left and right coset in GAP Worksheet 

 
By using GAP, the student can be trained to find coset of a group in a more pleasant way. That is because they can see 
firsthand the real shape of cosets they seek. Thus, it is easier for them to understand the concept of coset that was given 
by the lecturer.  
It was explained earlier that GAP has many functions that can be used for computational group theory, Figure 6  is one 
example of that. The picture describes another way that can be used to find all the right and left cosets. It also shows how 
GAP can check whether the left and right coset is equal or not. 
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Figure 6: another way to find the left and right coset 

 
Once the students understand how to find left and right coset as well as checking that a coset right and left, the lecturer 
can provide an explanation of the concept of normal subgroup. Normal subgroup is a group that has the same right and 
left coset (J. A. Gallian., 2010). From the results of their previous work, the definition of normal subgroup is not 
something new to them. Thus, the students can quickly understand the concept of normal subgroups because the 
definition is indirectly applied in a practice they already did on the GAP worksheet. 

The exercises above can help students to understand what is meant by left and right coset as well as normal 
subgroup. GAP also help students to be able to have a concrete idea about the "form" of left and right coset as well as 
normal subgroup. Thus, they have had enough equipped to face the quotient group material. 

To introduce the concept of quotient group G / H, first the lecturer has to show the necessary and sufficient 
condition for subgroups H so that the operation on G / H is well defined. The necessary and sufficient condition is H 
should be a normal subgroup (right coset is equal to the left coset) from Group G. After introducing the concept and also 
its example, sometimes they still can’t fully understand how to find the quotient group. Therefore, after working on these 
examples manually, they can be assigned to do the examples on the GAP worksheet. Figure 5 shows one example of how 
to obtain quotient groups and elements using GAP. The steps can be described as follow.  
For example, define a symmetry group S4. Then, using commands on GAP, look for all the elements. Furthermore, in a 
similar way, define N which is a subgroup of the group S4 generated by (1 2) (3 4) and (1 3) (2 4). Find all elements of N 
by using the command in GAP. After that, check if N is a normal subgroup of group S4. If N is a normal subgroup of the 
group S4, then write a command on the GAP worksheet to print quotient group S4 / N. Conversely, if N is not a normal 
subgroup of the group S4, look for another subgroups of the group S4 which is a normal subgroup. 

Thus, by using GAP, the lecturer can introduce the concept to the quotient group to the students in a fun way. 
By using GAP, students are also trained to increase their creativity, especially in the field of Mathematics. That is 
because they are trained to apply the concepts of algebra which they have acquired in the form of programming 
algorithms. They also can easily understand a concept in group theory of that newly acquired, since they can directly see 
the real form of the concept. Using GAP in learn group theory, can provide a way to learn group theory that is not boring 
to the students, and consequently can improve students' understanding the concept. 
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Figure 7: Obtaining factor group and finding its elements using GAP 

 
 
The Use of Maple in Learning Group Theory  

Maple has one specific package that designed for computation in group theory. That packages is with Group 
Theory, which has many function inside it. All the functions that available is showed in this picture below.  
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Figure 8: Group Theory Package 

 
Figure 8 explained that in the package "Group Theory" we can use the following functions 

 To find the center of a group, the function "center" can be used 
 To create a dihedral group with a certain degree, the function "DihedralGrup" can be used 
 To determine the order of a group, the function "GroupOrder" can be used 
 To determine whether a group is abelian, the function "IsAbelian" can be used 
 To determine whether a group is cyclic, the function "IsCyclic" can be used 
 To determine whether a group is a subgroups, the function "IsSubgroup" can be used 
 To find coset left and right coset,  the function "LeftCoset" and "RightCoset", can be used  

 
However, Maple has limitations in computational algebra compared to GAP that is very complete in terms of 
its package. But in terms of visualization, Maple more superior compared to GAP. Visualization on GAP is 
still limited, and can only be used on a particular OS. In terms of appearance, Maple has far more interesting 
than GAP. Therefore, in this section the discussion will be focused on the visualization that can be used on 
Maple for learning. In the discussion groups until the students are often taught to use the Cayley table to be 
able to determine whether a set is a group or not. Suppose a set 1 , 1	2 , 1	3 , 2	3 , 1	2	3 , 1	3	2 ,  
table cayley for this set is  

 (1) (1 2) (1 3) (2 3) (1 2 3) (1 3 2) 
(1) (1) (1 2) (1 3) (2 3) (1 2 3) (1 3 2) 

(1 2) (1 2) (1) (1 2 3) (1 3 2) (1 3) (2 3) 
(1 3) (1 3) (1 3 2) (1) (1 2 3) (2 3) (1 2) 
(2 3) (2 3) (1 2 3) (1 3 2) (1) (1 2) (1 3) 

(1 2 3) (1 2 3) (2 3) (1 2) (1 3) (1 3 2) (1) 
(1 3 2) (1 3 2) (1 3) (2 3) (1 2) (1) (1 2 3) 

 
With the help of maple, Cayley table discussion becomes more enjoyable as maple can produce colored Cayley 
table. it can be seen in the image below. 

 
Figure 9. Cayley table of S3 

The picture above shows that maple give a different colour to each of the different elements in the table. It will 
assist students in identifying the structure of S3. Once students understand the Cayley table for S3, teachers 
can improve the set to a set that has more elements, e.g. S4. Cayley table for S4 made in Maple can be seen 
below. 
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Figure 10. Cayley table of S4 

 
In addition to creating the Cayley table, another thing maple can do is to draw a lattice The picture below is one such 
example. 
 

 
 
 

Figure 10. lattice subgroup of S3 
 

 
From the explanation above, we can see that Maple can generate a nice figure for visualization in Group theory study.  
 
CONCLUSION 
 

In this computerized era, the computer has become a tool that used in almost all aspects of life. Computer has 
been widely used in educational activities. Thus, in the delivery of the concept of group theory, which on average is 
difficult to accept by students, the computer can also be used as an educational tool. This paper has described how GAP 
and Maple can be used as a tool to deliver the concepts of group theory in the classroom.  GAP has advantages in terms 
of complete functions for computational group theory, algebraic structure even more. But the weakness of GAP is in 
terms of compatibility and its visualization which is still very simple. On the other hand, Maple has advantages in terms 
of visualization that looks good; it can even be made in the animation. However, the drawback is that Maple limited to a 
portion of the group theory, but to be used as a tool to help delivering the concept of group theory is still sufficient. 
Thus, the use of selection in the software adjusted for the needs of each other and can also accompany one 
another 
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THE EFFECT OF LABORATORY METHODS (VIRTUAL LAB AND REAL 
LAB) AND LEARNING STYLE TOWARD STUDENT OUTCOME OF ACID-

BASE (EXPERIMENTAL STUDY AT SMA 51 JAKARTA, 2015) 
 

Ernawati 
 
 

Abstract: This study aims to find a suitable learning method based on students learning style of the acid base concept, 
which is operationally to determine: (1) Effect of virtual laboratory and real laboratory learning methods on learning 
outcomes (2) The difference in student learning outcomes through visual and kinesthetic style (3) The impact of the 
virtual laboratory and real laboratory learning method to student learning outcomes in visual style (4) The impact of the 
virtual laboratory and real laboratory learning method to student learning outcomes in kinesthetic style (5) The influence 
of interaction of learning method and learning style to student learning outcomes. Hypothetical results showed that the 
average learning out comes of the virtual laboratory method was 67.80; and real laboratory method was 68.38. The mean 
visual style of student group was 66.43; and kinesthetic style was 69.03. The mean result of the virtual laboratory method 
using visual style was 72.70; and kinesthetic style was 61.45. The mean result of the real laboratory method using visual 
style was 60.15; and kinesthetic style was 76.60.  
 
Keyword: Learning Style, Real lab, Virtual lab  
 
 
INTRODUCTION 
 

Every student will have a habit or a particular learning style in accepting and absorbing the lessons, to produce an 
effective form of knowledge. Educational psychology study recognizes the variations in learning styles and learning 
interest, in addition to the student’s pace. If the teacher can understand the differences in learning styles of each student, 
it will be easier for teachers to guide and choose the right way to provide lessons to achieve more optimal results. 
According Baldler and Grinder in DePorter "Although many people have access to all three modalities of visual, 
auditory, and kinesthetic almost everyone tends to adopt one learning modality. 

"Teaching and learning activities require appropriate methods and tools are adequate. The use of a tool in the 
learning process aims to enhance learning achievement". The use of instructional media can arouse desire and interest, 
motivation and stimulation in learning activities. One of the methods that can be used in the learning of chemistry is an 
experimental method. 

Laboratory is a basic requirement which cannot be avoided to perform experiments in chemistry and other 
subjects. Complaints from the lecturer in general is the unavailability of adequate laboratory. However, complaints from 
education managers is costly procurement, maintenance, and replacement of laboratory facilities. Availability of skilled 
professionals in the laboratory is a big problem too. 

In chemistry, lab work is needed but the results from the lab are less effective. This is because students do not 
understand the purpose of the lab and just observe, and the difficulties of linking the observations with existing theories. 
Paradigm shift in 21st century is the use of computer that is integrated in the learning. During its development, the mental 
model of research has been done on many chemical concepts such as chemical bonds, dilution, particle, acid-base, 
molecular geometry and polarization, which is usually regarded as an abstract concept and tough. One of the area where 
most the research to identify the occurrence of misconceptions is the acid-base lessons. Adbo and Taber, also identify 
misconceptions in understanding of acid and base material. To overcome the weaknesses real experiments in countries 
whose education has developed experimental activity is carried out with the help of computer simulation (virtual 
laboratory). 

In this study were selected virtual methods because they are easier to apply to students at SMAN 51 Jakarta. 
Based on the description above, the formulation of the problem for this study is whether there are differences in learning 
outcomes between real lab method and virtual lab method to the concept of acids and bases; is there a difference in 
student learning outcomes in the concept of acids and bases that have a visual learning style and kinesthetic?; are there 
differences in the results of students' acid-base concept which has a visual learning style using virtual learning lab and 
real lab; is there a difference in student learning outcomes in acid-base concept which has a kinesthetic learning style that 
uses the method of virtual learning lab and real lab, and whether there is an interaction effect between teaching methods 
and learning styles to student learning outcomes. 
 
RESEARCH METHODOLOGY 
 

The study was conducted in SMA Negeri 51 Jakarta in class XI in second semester, year 2014/2015. The 
sampling was done using random sampling technique. The sample used is divided into two classes, real classes is XI 
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MIA 1, XI MIA 3, as well as virtual classes XI MIA 2, and XI MIA 4. Data was collected using test and non-test 
techniques. Prior to use of the instrument in the study first its validity, reliability, the level of difficulty of questions and 
distinguishing matter was determined. The method used is a 2x2 factorial design experimental method. The study design 
chart can be seen in Table 1. 

Table 1. Study Design 
Learning Style (B) A1 (Virtual Lab) A2 (real lab) 
B1 (visual learning style) A1B1 A2B1 
B2(kinesthetic learning style) A1B2 A2B2 
 
Description: 
A1B1: a group of students with a visual learning style treated with a learning method using a virtual lab 
A2B1: a group of students with a visual learning style treated with learning method using a real lab 
A1B2: groups of students with kinesthetic learning style treated with a learning method using a virtual lab 
A2B2: groups of students with kinesthetic learning style treated with a learning method using real lab 
Analysis technique consists of data consisting of test requirements analysis, hypothesis testing, and analysis of variations 
in two –way ANOVA. Test requirements analysis consisted of the normality test and homogeneity test. Normality is used 
to determine whether the sample is from a population that is normally distributed or not. Test for normality used the 
Kolmogorov-Smirnov test for normality. Homogeneity test aims to determine whether a sample derived from a 
homogeneous population or not. Homogeneity testing data used Fisher's test. 
 
RESULTS AND DISCUSSION 
 

Learning is designed with practical method of virtual lab and real lab. The draft for the real lab method is 
preparing worksheets for students, the tools, and materials which was communicated to senior teachers who teach in 
SMAN 51, while for the Virtual lab we used corel chamlab version 1.0 for acid-base titration and Vlab 1.6 iridium price 
estimate for pH test. To test for normality, all the data result of learning the concept of acids and bases are all normally 
distributed as in Table 2, looks value Amax> D table. At homogeneity, there is one variable that is not homogeneous at 
A1B1 / A1B2 since F count> F table, but other variables are homogeneous with a value of F count<F table. Results of 
the data analysis of homogeneity can be seen in Table 3. 

 
Table 2. Result of Normality Test 

N Variable a max D table ( 0,05 ) Conclusion 
40  A1  0,17  0,215  Normal  
40  A2  0,10  0,215  Normal  
40  B1  0,12  0,215  Normal  
40  B2  0,12  0,215  Normal  
20  A1B1  0,15  0,294  Normal  
20  A2B1  0,17  0,294  Normal  
20  A1B2  0,17  0,294  Normal  
20  A2B2  0,14  0,294  Normal  

 
Table 3. Result of Homogeneity Test 

N  Variable F h  F t ( 0,05)  Conclusion 
40  A2 / A1  1,46  1.775  Homogeneous  
40  B2 / B1  1,51  1.775  Homogeneous 
20  A1B1/A2B1  1,40  2.255  Homogeneous 
20  A1B2/A2B2  1,50  2.255  Homogeneous 
20  A1B1/A1B2  2,30  2.255  Not Homogeneous 
20  A2B1/A2B2  1,09  2.255  Homogeneous 
 
Comparison of Learning Results scores of both classes after being given treatment can be seen in Figure 1, 2, 3 and 4. 
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Fig 1. Histogram of frequency Virtual Learning Lab Results with Visual Learning Style 

 
Fig2. Histogram of frequency Virtual lab Learning Results with Kinesthetic Learning Style 

 
Fig3. Histogram of frequency Real lab Learning Results with Visual Learning Style 
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Fig 4. Histogram of frequency Real lab Learning Results with Kinesthetic Learning Style 

 
The first hypothesis tested results regarding learning outcomes on acid-base concept of virtual lab with real lab 

result. The results show that the value of F count<F table (0.90 <3.988), then H0 is accepted, and we can conclude there 
is no difference in the mean of acid-base learning outcomes of students between real lab and virtual lab methods. In the 
second hypothesis regarding student learning outcomes with kinesthetic and visual style of obtained results a value of F 
<F table (3.58 <3.988), then H0 is accepted, and we can conclude that there are differences in learning outcomes mean 
which shows that there is significant difference in the concept of acid-base between the visual learning style and 
kinesthetic learning style. In the third hypothesis regarding the learning outcomes of students with visual style given a 
virtual learning lab and real lab test results obtained with Tukey is Qh > Qt = (17.9> 3.96), then H0 is rejected, thus, 
there is a significant difference in learning outcomes concept of acids and bases for students who have a visual learning 
style by learning methods given in virtual lab with Real lab learning methods. In the fourth hypothesis regarding student 
learning outcomes with kinesthetic style given virtual learning lab and real lab test results obtained with Tukey is Qh > 
Qt = (11.01> 3.96), then H0 is rejected, there is a significant difference in learning outcomes on concept of Acid-base for 
students who have given kinesthetic learning style learning method with the virtual lab by real lab learning methods. In 
the fifth hypothesis about the effect of the interaction between the application of teaching methods and learning styles 
result that the value of F count> F table (101.65> 4.024), then H0 is rejected, and it can be concluded that there is a 
significant interaction effect between methods of learning with the learning styles on learning outcomes of acid-alkaline 
in students. 

Learning outcomes concept of acids and bases using virtual learning lab (A1) is lower than students who use Real 
lab learning method (A2). This is because theoretically the students learn to use the method more in real lab as they get 
experience of working on the real thing so that students have a stronger memory than those who did not experience the 
real lab. It can be concluded that the use of the Real lab learning is better than using a virtual lab. Acid-base concept of 
learning outcomes of students who have a visual learning style (B1) is lower than students who have a kinesthetic 
learning style (B2). This research is also consistent with studies that have been done that show that learning styles do not 
affect the study results. Acid-base concept of learning outcomes of students who have learning styles Visual and given 
models of virtual learning lab (A1B1) B1 is higher than the acid-base concept of the learning outcomes of students who 
take Real lab learning model (A2B1). This is because the model Virtual learning lab is perfectly suited to the student who 
have a visual learning style, where students who have a visual learning style into the learning process do look more 
serious and diligent. Acid-base concept of learning outcomes of students who have a kinesthetic learning styles and given 
real lab learning methods (A2B2) are higher than the acid-base concepts of the learning outcomes of students who take 
virtual lab learning methods (A1B2). This is because students who have kinesthetic learning style are always oriented in 
physical activity, prefer to learn through practice and cannot sit still for a long time. Based on the results of analysis of 
variance (ANOVA) table showed that there is an interaction effect between teaching methods to the learning styles of the 
students' learning outcomes in chemistry in acid-base concept. Virtual learning lab methods when applied, enable 
students to learn independently at home through software, and can repeat the material to understand it later. While Real 
lab learning method is only done in the laboratory school and in a very limited time to observe the trial. The learning 
method Virtual lab and real lab can improve student learning outcomes can be seen from the results of tests in the 
cognitive domains tested on the material acid-base, but the influence of learning styles also affect student learning 
outcomes because not all students fit in with the teaching methods of virtual lab and real lab. 
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Table 4. Summary of Results of 2-Way ANOVA  

Source Variants Db JK RJK F Count F Table 
Inter Column (Ak) 1 33.80 33.80 0.90 3.988 
Inter Line (Ab) 1 135.20 135.20 3.58 3.988 
Interactions (I) 1 3836.45 3836.45 101.5 3.988 
Inter Group (A) 3 4005.45 1335.15 35.37 2.748 
In the Group (D) 76 2868.50 37.74   
Total Reduced (TR) 79 6873.95 87.01   
Mean/Correction 1 366934.05 366934.05   
Total (T) 80 373808    

 
CONCLUSION 
 
Based on research data analysis and hypothesis testing that has been done, it can be concluded that the Virtual lab 
learning model is more suitable for students who have a visual learning style, especially on the matter acid-base concept 
of class XI MIA. Real lab learning model is more suitable for students who have a kinesthetic learning style mainly on 
acid-base concept material of XI MIA. There is the effect of the interaction between learning methods with learning 
styles on learning outcomes, regarding the acid-base concept in applying learning methods and thus action need to be 
take considering the student's learning styles. 
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Abstract: The quality of teaching is always associated with the use of a learning model. This means that to 
achieve a good quality of teaching each subject shall be organized by the appropriate organizing models and 
subsequently delivered to students with the right model. The natural environment and social environment 
have changed and media and technology have also changed, so it is necessary to study models capable of 
bridging the gap between academic knowledge needs and the development of information and technology. 
The development of the Simas eric model used the theory based on t h e  Learning Development Cycle 
(LDC). T h e  LDC is a  metalearning design model to bridge the gap between academic and corporate 
knowledge needs of students using a design approach. In the 21st century, critical thinking skills h a v e  
become very important for students at every level of education; critical thinking is not inborn and does not 
develop naturally. This opens development opportunities as well as the use of a learning model that can 
improve critical thinking  skills. This paper explores the potential of the Simas eric learning model in 
providing a learning experience for critical thinking in students, modified from the Implementing Critical 
Thinking with Signature Assignments developed by Zane (2013). This was a quasi-experimental study to 
determine the effectiveness of Simas eric models being tested in various research theses and dissertations. 
T h e  u s e  o f  t h e  Simas eric learning model c a n  b e  expected to improve students’ critical thinking skills 
in various learning activities.  
 
Keywords: Critical Thinking, LDC, Simas eric.  
 
 
INTRODUCTION 
 

Some of the skills needed in the 21st century competencies include problem solving, critical thinking, 
communication, collaboration and information literacy (NGSS Lead States, 2013; NRC, 2012; Griffin, 2012; 
OECD 2013). Scientific literacy and critical thinking are key components in preparing students to live in an 
era of science and technology (Vieira, 2014), students' thinking must be conditioned and socialized to not be 
biased, partial, distorted and lack of literacy. This will affect the quality of life and productivity that depends 
on the quality of thought (Paul, 2006). These statements underlying the importance of engaging students to 
think critically, familiarize the ability, argue based on evidence and provide a scientific explanation (Lin, 
2013). 

Some research studies indicate that many high school students (SMA) in Malang-Indonesia have not 
been taught by learning model that sharpen critical thinking skills especially in the subject of Biology 
(Mahanal 2009; Lilik, 2011; Fitriana, 2012; Kusumaningtias, 2013; Malahayati 2014; Wicaksono, 2014; 
Prasmala, 2014; Permana, 2014). The fact is clearly not in line with the changing ecology of learning that 
affect student learning, further Restak (2003) discusses plasticity. Plasticity refers to the brain's ability to 
respond to the changes. Our brains are constantly changing, evolving, and reacting to the transformation in 
our environment and the tools we use. Similarly to what happens to the students who now are in the 21st 
century with all the ecological study that has been growing rapidly. 

Engaging students to be able to learn actively by learning model, which should be designed according 
to the needs of the students nowadays.  One of learning models development is to use Learning Development 
Cycle (LDC) developed by Siemens (2005). LDC is metalearning design model to bridge the gap between 
academic knowledge to the changing needs of the learning environment through the design approach, the 
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development of LDCs into account the four domains of learning, namely: transmission, acquisition, 
emergence, and accretion. After considering and accommodating all four domains to make learning model, 
namely: (1) the scope and object of learning design/ scope, (2) creation of learning resources/ create, (3) user 
experience, ( 4) meta-evaluation to determine the effectiveness and accuracy of the design process and 
assumptions/ metaevaluation, (5) formative and summative evaluation of the project and the experience of 
students/ evaluation. 

LDC  can be alternative for teachers to make learning model development. Simas Eric learning model 
development, first discovered the basis of the LDC. The learning model Simas eric (Darmawan, 2015), has 
the syntax: (1) Skimming, (2) Mind mapping, (3) Questioning, (4) Exploring, (5) Writing (6) 
Communicating, with assisted blogs and twitter as a medium blended learning. Simas eric learning model 
focuses on empowering students' critical thinking skills. 

After the research process of development learning model Simas eric completed, the next step is the 
implementation stage learning model. Quasi-experimental study was conducted on learning model on high 
school students. The effectiveness of the implementation of learning model Simas eric was tested against 
critical thinking skills in students through  rubric developed by the book Implementing Critical Thinking with 
Signature Assignments (Zane, 2013). 

 
Research Purpose 

The main objective of this research is to develop a learning model that is able to prepare students for 
the 21st century in having a life skills. The model development in this study focuses on the level of high 
school (SMA). Based on the results of this research,  the following benefits can be obtained: 1) insightful-
teachers today can use the LDC in developing learning models, 2) for the school, Simas eric model integrated 
with blended learning can be used as an alternative model of learning, 3) for teachers, can be used to improve 
the quality of the learning process and add new horizons to improve students' critical thinking, 4) for 
students, students become more active through the model of Simas eric integrated with blended learning, 
which is useful for the mastery of biology concepts and the ability to use knowledge in solving the problems 
of life in the community. 
 
CONCEPTUAL FRAMEWORK 
 
The importance of critical thinking skills for students 

Johnson (2002) suggests thinking skills can be divided into critical thinking and creative thinking. 
Both types of thinking are also known as high-level thinking skills (Griffin, 2012). Critical thinking is a 
mental process that is well organized and it plays a role in the decision-making process to solve the problem 
by analyzing and interpreting the data in the activities of scientific inquiry. Zeidler (1992) states the 
characteristics of people who are able to think critically are: 1) have a certain mind devices that are used to 
approach the idea, and has a strong motivation to find and solve problems; 2) skepticism is not easy to accept 
the idea or ideas unless he has been able to prove it. Murdoch University (2008) cites the opinion of Ennis, 
critical thinking is a process, which focuses on taking appropriate decisions about what people believe and 
do. 

Critical thinking skills become very important for students at every level of education. Critical 
thinking skills using basic thinking to analyze arguments, bring insight to each interpretation, develop a 
cohesive pattern and logical reasoning, understand the assumptions, formulating a problem, do deduction and 
induction as well as taking the right decision. Critical thinking is not inborn and do not develop naturally. 
The ability to think critically is the intellectual potential that can be developed through a learning process. 
Every human being has the potential to grow and develop into a critical thinker since thinking has been 
associated with patterns of self-management of each creature in nature (Lin, 2013; Johnson, 2000). 

In contrast,  Ennis (1985) and Marzano (1988), Zane (2013) identify and provide a clearer picture of 
how the level of critical thinking are classified by providing indicators and examples of key words better. 
Based on description the above, the critical thinking skill that are used in this study is a mental process that 
includes, interpreting, analyzing, evaluating, making inferences, communicating and self regulation. The 
ability to think cannot develop by itself in line with the person's age. This will develop its ability to think 
properly if it is intentionally developed. The planned and implemented learning activities that develop the 
ability to think are very important factor in the learning process. The use of approaches, models, methods, 
and techniques appropriate learning are intended to foster students’ thinking skills and an action that can train 
students' thinking skills. With notions that, then this research will focus on understanding the critical thinking 
is a process that is organized with the involvement of the psyche that involves the ability to compare, explain 
causality, reasoning, classify, apply, and concluded (Linn, 1995). These facts clearly prove that critical 
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thinking is a skill that should be taught to students to prepare them to succeed in life (Schafersman, 1991). 
Teachers need to help students to develop critical thinking skills through the model, and methods of learning 
that encourage students to learn actively. 

According to Tice (2000), thinking requires logical reasoning and analytical skills and demonstrated 
high-level thinking. Furthermore, it expressed theoretically when it is associated with Bloom's taxonomy, 
critical thinking inherent (inherent feature) with higher level of thinking skills that analysis and synthesis. 
Critical thinking technically, includes: understanding the argument, recognizing misleading to think, 
distinguishing the premise and conclusion, separating the issue with information. Referring to the opinion of 
Zane (2013), the critical thinking skills that are intended in this study is a mental process that includes the 
ability to interpret, to analyze, evaluate, make inferences, communicate and cell regulation. Critical thinking 
is a very important tool in learning and growing, as is the case for hearing listening is critical thinking is to 
know (Snyder, 2008). 

Critical thinking skills are not only taught through formal learning activities, study of Kalelioglu 
(2014) showed that students taught with a blended learning thinking skills are best compared to a 
conventional classroom. Blended learning by Garnham (2002) incorporated with the best features of 
classroom learning (face to face) and the characteristics of the best online learning to improve learning self-
actively by students and reduces the amount of time face to face in the classroom. Blended learning is a 
learning approach that integrates traditional face-to-face learning and distance learning using online learning 
resources and a variety of communication options that can be used by teachers and students (Harding, 2005). 
Implementation of this approach allows the use of online learning resources, especially web-based, without 
leaving face to face activities. With the implementation of this blended learning, the learning more 
meaningful because it is able to maximize the active involvement of students to learn the material that 
learned that they can learn in and outside the classroom. 

 
Learning Model Development by Using Theory of LDC 

LDC provides four broad categories of learning: transmission, acquisition, emergence, and accretion. 
The first step to develop a model of learning is to evaluate the nature of learning needs, the needs of 
knowledge requires a different model or a different approach. Students have different needs and expectations, 
because of a changing environment (Siemens, 2005). 

The capacity for reflective and critical thinking is designed in the objects in the domain of emergence. 
Emergence opens the door to new fields of knowledge, which leads to the selection domain accretion or 
acquisition for the construction of students' knowledge. Network, environmental, and ecological study into 
the design of objects in the domain accretion, most of the learning happens in this domain. The role of 
teachers in the domain of learning is to construct and create opportunities for students to find and present 
information on their own. Referring to the learning theory connectivism, Siemens (2004) stated that the 
network, environment, science and ecology student learning is always dynamic.  

Acquisition is based on connectivism and constructivism learning theories, which refer to the selection 
of students in learning or in other words is an option for students to study and learn something. Based on 
prior knowledge possessed by students there will be a lot of variation in the need of learning, the teacher 
certainly cannot treat students with the same learning experience. Domain learn transmission, activities based 
teacher centered learning is still needed in order to provide instruction to students. Wilson (1997) also 
associate this learning sphere with cognitivism learning theory, where students engage cognitive to acquire 
new information, knowledge transformation, and examine the relevance and accuracy of knowledge in the 
formal classroom learning activities. After noticing the four domains in teaching and learning activities, the 
measures could be implemented learning model development. 

The first phase of LDC consists of planning and analysis is the determination of the scope and object 
of a learning model design. The most instructional design theory begins the design process with some types 
of learning objectives set. Planning and analyzing the scope of learning design begins with the level of 
education, class, student background, the method to be used, the domain of learning needed, the availability 
of information and technology, student motivation, and other equipments for the smooth process of teaching 
and learning. 

The second stage of the LDC consisting of: design, development, and delivery, all three activities 
covered in creation. A key component in instructional design, the main task in this process is to determine the 
nature of the content and how best to present the content. During the design stage, the main considerations 
related to the nature and content of the planned interaction. Media to deliver content and encourage 
interaction was also explored and resolved. Development stage focused on the identification mastery of the 
subject matter, create a timeline of development, explore the skills needed to complete the project, and 
creating learning activities. Begin the process of piloting content and interaction is important at this stage. 
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Other activities than to wait until the completion of learning resources, designers can receive valuable 
information input during the creation phase.  

Thiagarajan (1999) explain in more detail about the obstacles that may arise in the stages of the 
creation of this activity, the design involves all activities performed before students actually interact with a 
package of learning in real-world training situation. Delivery is what happens next, designers can choose and 
decide resources allocated to the two stages. If a lot of time learning, designers can skimp on the design, but 
if you have fewer resources to delivery instructions, designers need to allocate additional time and other 
resources to the design process. 

The next stage is the user experience, which is the third stage of the LDC. Designer experience in 
using learning model is a vital process in ensuring that the learning resources are used accordingly. Various 
models of the user experience and trial designs are available to assist in this stage could refer to Morville 
(2004) with reference to the fundamental question: whether the model useful, usable, arouse the interest of 
students to learn, information to support learning activities easily searchable and can be accessed. 

The fourth stage is the meta-evaluation, which is the actual process of evaluating the effectiveness of 
the instructional design process. Exploring the successes and dialogue about the obstacles. This stage can 
help the entire design process to grow in effectiveness to the readiness of the implementation (in this stage 
will also be informed about the revision of existing resources in the learning activities that have been 
implemented). 

The last stage of LDC is evaluation, transmission learning domain is the only domain that requires 
immediate evaluation process. This may be formative evaluation (conducted during the process of exploring 
the source of learning) or summative (conducted after the completion of the learning resources). This 
research study has been conducted into two phases, namely model development and measurement of the 
effectiveness of learning model Simas eric in developing the students' critical thinking skills. 
 
RESEARCH METHODOLOGY 
 

This study consists of two parts: research development and implementation. The first part is the 
research development, learning model development Simas eric using LDC which is instructional design 
approach metalearning to bridge the learning environment changes with the academic environment. The 
second part of this study is a quasi-experimental study. Learning activities during the 12 weeks, the high 
school in Malang, Indonesia. Scene influence research learning learning model Simas eric (skimming-
mindmapping-questioning-exploring-writing-communicating) and blended learning to high school students' 
critical thinking skills. The purpose of this study is to improve students' critical thinking skills with a 
combination of learning in the blog and twitter. Learning topics include: the cell as the smallest unit of life, 
bioprocess in a cell, plant tissue, structure and function of cells making up tissue in animals.The independent 
variable of this second phase is a model Simas eric and conventional learning as a factor A, while the ability 
of factor B academic consisting of upper and lower academic ability as a moderator variable. The dependent 
variable is the ability to think critically. In addition, the control variables in this study is the ability of 
teachers (n = 8), the number of hours, and the same material presented. The design used was a pretest-
posttest study design non-equivalent control group design.  

The study population was all students of class XI SMA. Determination of the samples was done by 
means of random sampling. Simas eric learning model is represented by a single class and the next class is a 
class of conventional, classroom number used is two classes. The research sample that will be used is 4 
SMA. The classes will be sampled equity research first tested using the IQ test results conducted by the 
school at the time of high school. Analysis of the sample class equivalence done using analysis of variance 
(ANOVA) using SPSS 18.0 for windows. Each class treatment is divided into three levels of academic 
ability, namely academic top, middle and bottom. Top academic ability and academic ability down in each 
class are used as research subjects. The total number of students of the experimental class is 78 students and 
78 students of the control class. 

Data from the study, which concerns the application of Simas eric models and their effects on critical 
thinking skills was analysis using analysis of covariance (ANACOVA). Prior to testing hypotheses, test 
prasarat normality and homogeneity of data was established. Test for normality using one-sample 
Kolmogorov-Smirnov, while the homogeneity test using Levene's test of equality of error variances were 
done. Data from 2x2 factorial experimental research, to test the hypothesis formulated, tested using 
ANACOVA assisted with statistical analysis program SPSS 18.0 for Windows, statistical testing performed 
at a significance level of 0.5%. 
 
RESULTS AND DISCUSSION 
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The First Stage of The Model Development Research 

Referring to the opinion (Duron, 2006) at least five stages that must be observed to engage students in 
critical thinking, namely: consider indicators of competence and the target achievement of competence, 
encouraging students to ask questions and make inquiries, arrange activities that student centered, monitor 
and evaluate activities students and provide feedback to the students' learning process. 

Researchers should pay attention to the four domains in learning activities before making learning 
models namely: emergence, acreation, acquisition and transmission. The first is the emergence, self-
regulation process of the students going on in this realm, so that in the model evaluation sheets Simas eric 
prepare teaching and learning process in the form of self-reflection in an effort to accommodate the 
emergence of learning domain. Formulation of innovative approaches and new perspectives emergence 
learning function. Cognitivism and constructivism is a learning theory that best reflects how learning occurs 
in the domain of emergence (Siemens, 2005). 

Second is the accretion, deepening in this sphere led to a combination of blended learning model 
ecological Simas eric facilitate student learning to actively access information. Blogs and twitter prepared 
teachers as a source of learning has also become one of the tools to make it easier for students to access core 
information regarding the material being taught, blogs and twitter will be able to complete the activities in the 
formal classroom. 

The third is the realm of acquisition, in this realm prior knowledge and learning experiences each 
student must be accommodated, Simas eric models provide flexibility to students to learn according to the 
learning needs of students by conditioning the students to do the learning phase skimming and mind mapping 
independently. Skimming is the result of the efforts of students in reading in order to select the information 
that is important and not important to him, then that information would appear clearly on the outcome of 
mind mapping is an authentic work of students based on their knowledge and experience to learn he already 
owns. 

The fourth stage is the transmission: Simas eric model with reference to the realm of learning 
transmission design activities formal learning done in class, namely questioning, exploring, writing and 
communicating with a question, read deeply, answer questions, and discuss in groups heterogeneous filed in 
formal teaching and learning activities that happen in class. 
 
Simas eric Learning Model Developed by The LDC 

After considering all four domains of learning domain, there are five technical development of the 
LDCs. Technical development of the first (1) planning and analysis: previous learning that is both teacher 
centered to make students become highly dependent on teachers, making them not used to seeing other 
alternatives that may be used solve a problem, learning methods that have been applied to teachers such as 
lectures, exercises, assignments, and the investigation did not give maximum results. 

The second technical development consists of design, development, and delivery: based on the 
empirical fact, most of students are less active in asking, not learning and reading materials which will be 
taught before, and many students who have to undertake remedial, encourage researchers to create an 
ecological learning that can solve those problems, namely Simas eric learning model (Darmawan, 2014). The 
previous learning approach, teacher-centered, makes students become highly dependent on teachers, causes 
them not used to see other alternatives that may be used to solve a problem, learning methods that have been 
applied by teachers such as lecturing, giving exercises, giving assignments, and doing investigation did not 
give maximum results.  

Simas eric model using mind mapping, because mind mapping is able to be a visual device for 
organizing and representing knowledge. Inside it, there are concepts, which are connected by appropriate 
conjunction. The two concepts can only be connected by a conjunction. The composition of the relationships 
between a concept and another concept can be compiled based on the general to the specific concepts 
hierarchically (Santiago, 2011). Simas eric is an innovative learning model that emphasizes student centered 
learning through fun learning activities. The focus of Simas eric lies on the concepts and core principles of a 
discipline study, involving students in problem solving and the other meaningful task activities, allowing 
learners to learn autonomously for constructing their own knowledge. This model is able to discipline 
students in reading and understanding the material will be taught, so that the learning model which has been 
designed for the learning activities can be accomplished. 

The third technical stage is user experience: as a complement of Simas eric learning model by creating 
an ecological study connected with the connectivisme theory of learning (Siemens, 2004) then as the 
realization of active students in learning activities (Student-centered) is the use of blended learning in 
teaching and learning activities. Blended learning is a combination of the best characteristic of learning in the 
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classroom (face to face) and the best characteristics of online learning to improve self-active learning by 
students and to reduce the amount of face-to-face time in class (Garnham, 2002). In order to support blended 
learning model, researchers use media blog (in wordpress) at www.erickbio.wordpress.com with JavAurora 
blog and twitter with the account name BlendedLearningSMALANG. The use of blended learning media 
could encourage students to obtain better learning results (Borau, 2009 and Akkoyunlu, 2008). 

The fourth technical stage is meta-evaluation: meta-evaluation is very important to keep on improving 
the model and design. This evaluation stage succeeds in finding several obstacles in the implementation of 
Simas eric model which are: improving the duration of effective time provision in each step done and 
optimizing the use of blog and twitter.  

Evaluation is the fifth technical stage. This evaluation is done in a small scale and large scale which 
become the second part of this study, the experimental research about the influence of Simas eric learning 
model on students' critical thinking skills. 

The last of technical development learning model is syntax. The test results of Simas eric learning 
model are done by considering three aspects: (1) validation of the learning model feasibility conducted by 
educational experts found that the construct feasibility of learning and the content feasibility of the learning 
model are categorized as very feasible since it reflects the theoretical rationality as well as their interrelations 
in syntax, (2) practical validity by the teachers, obtained the application result of Simas eric learning model is 
appropriate and effective because this model can be applied as well as the level of implementation is high, 
and (3) the effectiveness test conducted by quasy experimental method using small scale showed that this 
model is able to improve learning result  83.5% higher than the students who are facilitated using regular 
learning (Darmawan, 2015). 

The complete stages of Simas eric learning model are: (1) skimming, as in the implementation, 
students will undertake a fast review of the material. The fast review which  focuses on the title of each 
chapter, pictures accompanying the explanation of materials, tables, graphs, introduction, summary and ends 
with the conclusion. This first step will provide a comprehensive illustration of the material content in each 
chapter that will be studied. The rationale of this stage is the fact of the field during the preliminary research 
which illustrates that most of the students who were assigned to read the material which would be discussed 
on the following meeting did not always read, cause in learning models designed was hard or was not 
implemented and finally, the students’ understanding of the learning material was low or even lower 
(Darmawan, 2012). 

Creating a mind map is the second stage of Simas eric which is known as (2) mind mapping phase. 
Mind mapping is able to be a visual device for organizing and representing knowledge. This phase consists of 
concepts, which are connected by clear conjunction. Two concepts can only be connected by a conjunction. 
The structure of the relationships between each concept can be compiled based on the general to the special 
hierarchically (Santiago, 2011). By using mind mapping technique, someone can select what kinds of 
information that are accepted and store it more clearly. In addition, mind map are devices that can help 
someone to think and to memorize better, to solve problems and act creatively (Eppler, 2006). Mind map 
provides an encouragement for creativity and flexibility. Mind map helps someone to think outside the box. 
In Mind mapping stage, the teacher's role as a students’ guide in experiencing learning experience that allows 
students to discover principles and to construct their selves understanding (Davies, 2010). 

In an effort to streamline time learning activities, screening as the first step and mind mapping as the 
second step are done when the students are at home and before teaching and learning activities done at 
school. In other words, this can be concluded that the first and the second stages of Simas eric learning model 
are done as homework for students, where these students are expected to have read and make a summary of 
the material in the form of mind map for discussing activities in class that will be done in the following 
meeting. Another advantage of the distribution step of this model is to give opportunity for teachers to assess 
students’ work in the stage (1) screening and (2) mind mapping. 

The third stage of Simas eric learning model is (3) questioning, where the students’ activity is asking 
questions that arise from his mind after going through two previous stages. In this way, students will remain 
to focus on reading and remembering the materials better, the questions written are not the questions whose 
the answers are already in the summary, introduction, or conclusion. The reference materials to make high-
level question is why and how. The materials that are asked are important or very important related to the 
reading materials. The number of the questions is tailored to the subject matter, while the whole questions 
were written and individualist. 

(4) Exploring is the fourth stage which is inseparable with the third stage of Simas eric. Students 
explore the material in the chapter that will be discussed by re-reading or doing experiment if their questions 
require more exploration in order to answer the question which appears on their minds as well as to 
remember the material. When answering questions, students are suggested to remain focused on the subject 
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matter. The third and fourth stages’ goal of Simas eric will be described as follows: based on the 
students’understanding of the materials they have had (from handouts, books, journal articles), they are asked 
to make written questions and answer those by themselves. The process of answering and writing the answers 
and the questions into separate sheets using mind mapping is the fifth stage (5) writing. Students are required 
to answer questions with making arguments. 

At the communicating stage, the students were asked to present the mind mapping they have made 
before and are asked to read their own questions and answers in front of the class, while the other students 
are asked to give comments, feedback, or to ask questions related to each question and the answer. At this 
stage, students learn collaboratively since teachers place students in heterogeneous groups so that there is 
possibility of peer tutoring. 

The theoretical background of Simas eric learning model includes: constructivism, cognitivism, 
connectivism and behaviorism. Constructivist learning theory is based on the principle that knowledge is 
created from experience (Almala, 2005). In addition, constructivist is not a theoretical unity, rather, it is a 
continuum (Doolittle, 1999). Cognitivism theory according to Bruner is person as a processor, thinkers and 
creators of information. Bruner considers that a study includes three cognitive processes: to obtain new 
information, knowledge transformation, and examine the relevance and accuracy of knowledge. The view of 
the study that is described as instrumental conceptualization based on two principles: the knowledge of 
people about nature based on models of the fact that he had built, and the models were adapted to the utility 
for that person (Case, 1993). According to the cognitivism, high school students have entered the phase of 
formal operations where in this stage, they have been able to operate based on hypothetical possibilities and 
are no longer limited by what have happened previously.  

Based on the intellectual development refers to the enactive, where students learn about the world 
through their actions on objects, they conducts their activities in the effort to understand the environment, 
iconic in which learning occurs through the use of models and pictures, symbolic describing the capacity in 
abstract thinking, they have abstract ideas which are heavily influenced by the language, logic and 
communication is performed with the help of symbol systems. High school students are considered as adult 
learners so that their symbolic abilities are also getting better. 

 
The Influence of Simas Learning Model on High School Students’ Critical Thinking Skills 

The results of the analysis are shown in Table 1 can be interpreted as follows, influence learning 
model on critical thinking skills, obtained value of F is 143.248, which is significance with the number 0,000 
and is smaller than 0.05. These results can be interpreted that Simas eric learning model significantly affect 
students' critical thinking skills. 
Summary of critical thinking skills ANACOVA test results are listed in Table 1. 

Table 1. Summary of ANACOVA Test Results on the Influence of Learning Model 
Tests of Between-Subjects Effects

Dependent Variable: Critical Thinking Postest 
Source Type III Sum of 

Squares Df Mean Square F Sig. 
Corrected Model 52095.929a 2 26047.965 97.477 .000 
Intercept 6520.589 1 6520.589 24.401 .000 
Y3 38279.037 1 38279.037 143.248 .000 
X2 9794.308 1 9794.308 36.652 .000 
Error 38747.098 145 267.221  
Total 776828.000 148    
Corrected Total 90843.027 147    
a. R Squared = .573 (Adjusted R Squared = .568)
 
The Influence of Academic Ability of High School Students Critical Thinking Skills 

The results of the analysis are shown in Table 2 can be interpreted as follows, the influence of 
learning model on critical thinking skills, F value obtained 84.398 with a significance figure of 0,000 is 
smaller than 0.05. These results can be interpreted that the academic abilities significantly influence students' 
critical thinking skills. 
Summary of test results ANACOVA critical thinking skills are listed in Table 2. 
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Table 2. Summary of ANACOVA Test Results on the Influence of Academic Ability 
Tests of Between-Subjects Effects

Dependent Variable: Critical Thinking Postest 
Source Type III Sum of 

Squares df Mean Square F Sig. 
Corrected Model 59239.639a 31 1910.956 7.014 .000 
Intercept 4464.654 1 4464.654 16.387 .000 
Y3 22993.533 1 22993.533 84.398 .000 
X1 16938.017 30 564.601 2.072 .003 
Error 31603.388 116 272.443   
Total 776828.000 148    
Corrected Total 90843.027 147    
a. R Squared = .652 (Adjusted R Squared = .559) 
 
The Interaction of Simas Eric Learning Model and Academic Skills Toward High School Students' 
Critical Thinking Skills 
Summary of Anacova test results on critical thinking skills are listed in Table 3. 

Table 3. Summary of Anacova Test Results of Interaction of Learning Model and Academic Ability 
Tests of Between-Subjects Effects

Dependent Variable:Critical Thinking Postest 
Source Type III Sum of 

Squares df Mean Square F Sig. 
Corrected Model 76444.093a 56 1365.073 8.627 .000 
Intercept 4564.285 1 4564.285 28.846 .000 
Y3 19068.554 1 19068.554 120.512 .000 
X1 18765.725 30 625.524 3.953 .000 
X2 5601.884 1 5601.884 35.403 .000 
X1 * X2 6218.456 24 259.102 1.638 .050 
Error 14398.934 91 158.230  
Total 776828.000 148    
Corrected Total 90843.027 147    
a. R Squared = .841 (Adjusted R Squared = .744) 
 

The results of the analysis shown in Table 3 can be interpreted as follows, the effect of interaction of 
Simas eric learning model toward academic ability of the students' critical thinking skills, obtained F value 
259.102 significance with 0,050 is greater than 0.05. These results can be interpreted that there is no effect of 
interaction between Simas eric learning model and academic ability of the students' critical thinking skills. 
 
Critical Thinking Skills Empowerment Through Simas eric Model  

Based on the opinion of Zane (2013), critical thinking skills that are intended in this study is a mental 
process that includes the ability to interpret, analyze, evaluate, make inferences, communicate and do self-
regulation. Thinking requires logical reasoning and analytical skills and demonstrates high-level thinking 
(Tice, 2000). Furthermore, associated with Bloom's taxonomy, critical thinking inherents (inherent feature) 
with the skills to think critically, namely analysis and synthesis. Critical thinking technically, includes: 
understanding the argument, recognizing that thinking is wrong, distinguishing the premise and conclusion, 
and separating the issue with information. 

Accustoming students to think critically also have to be conscious and planned effort (Zane, 2013), so 
that in the implementation of the teaching and learning process, the teacher should be able to integrate the 
appropriate model to be used for the empowerment of critical thinking. In order to be able to examine how 
Simas eric learning model can improve students' critical thinking skills, first, it is necessary to map and 
describe the interrelationship between the components of critical thinking with the syntax of Simas eric 
model. At skimming stage, students will do skimming rapidly to a material which focus on titles, pictures, 
tables, graphs, introduction, summary and conclusions. In this activity, the critical thinking skills that are 
accustomed is doing evaluation about whether or not important is sub material to be studied more in depth 
based on prior knowledge they have already had. This stage is able to encourage students to read the material 
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assigned, skimming is reading techniques and strategies to read textbooks or reading material and reading 
from the internet, so it is important for cognitive students in reading comprehension (Hong, 2013). 

Mind mapping stage which requires students in making authentic work in the form of mind map so 
that students will perform analysis such as classifying and categorizing the learning materials, in the process 
of making a map of the student's mind will enable the ability to identify and examine the relationship 
between materials with sub-material, make the connection in the form of checklists non-linear line 
representing the relationship between the learning materials. The second stage of this syntax also familiarize 
students to practice the skills of self regulationnya to always include questions related to the ability of 
reflection, self-examination and self-correct. 

In questioning phase, students in collaborative groups will make the question is individual. In the 
process of making questions related to student learning material will assess the understanding that had he 
constructs through skimming stage and mind mapping, evaluation of learning that occurs in students generate 
questions directed to this high level (why and how). Questions raised by the students will also lead students 
ability to perform its interpretation by trying to clarify his understanding of the subjects. Step syntax models 
Simas eric next is the students to read them carefully in an attempt to answer the question that has been made 
known by exploring, in the process of exploring these students will strive to clarify their understanding and 
critical reading so they can solve their questions. Self-regulation capability will also be activated for student 
self-reflection abilities, to self-correct and self-examination to be able to construct their understanding. 

In writing stage, the process of answering the questions made by students after exploring, critical 
thinking skills that are expected to arise in this process is the ability of students to make conclusions, skilled 
analysis, and proficient in communicating. Concluded by inductive and deductive reasoning, used to make 
decisions, to make generalizations, and understand the connectivity between components in a material. 
Skilled to identify the arguments and reasons that have been made. The process of writing is done in a 
collaborative work that allows students to skillfully communicate with friends the group to find solutions to 
problems that arise.  

Communicating is a class discussion conducted by individuals who work in groups, in communicating 
the issues related learning materials enables the process self-regulation in preparing students for 
understanding a subject. Able to communicate well, a critical-thinking skills to participate actively 
communicating activated at this stage. This refraction step for students to think critically, (Nugent, 2008) 
says there are at least three activities that should be familiarized namely: problem solving, decision-making, 
and check the answer/ diagnostic reasoning. Mind mapping, questions and answers from the student 
subsequently collected for the benefit of the assessment which will underlie the evaluation of the assessment 
which besides others. The assessment becomes an important part because his critical thinking skills include 
creating reasons, conscious and active effort to examine information (Fahim, 2012). After the students read 
the questions and answers individually in front of the class, to continue the discussion and collaborative work 
in heterogeneous groups believed that various important or the most important contents of the reading 
material has actually been disseminated to the entire class. 
 
The Influence of Simas Eric Learning Model on High School Students’ Critical Thinking Skills 

ANACOVA results showed a significant effect of Simas eric learning model on students' critical 
thinking skills. Tice (2000) suggests that critical thinking relates to the individual's cognitive development. 
According to Piaget's theory of cognitive development, an individual experiences the level of cognitive 
development as follows: 1) sensory phase motors at the age of 0-2 years, 2) pre-operational stage at the age 
of 2-7 years, 3) concrete operational stage at the age of 7-11 years and 4) the formal operational stage is aged 
over 11 years. In the formal operational stage, an individual can think logically about abstract arguments, can 
formulate hypotheses and test them systematically. 

Critical thinking according to Lin (2013) is a mental process that is well organized and plays a role in 
the decision-making process to solve the problem by analyzing and interpreting the data in the activities of 
scientific inquiry. According to Krulik & Rudnick (1996), critical thinking is a mental process that involves 
organized in solving problems, making decisions, assumptions analysis, and scientific inquiry. Critical 
thinking skills when related cognitive development of Piaget then high school students already have the 
ability to think critically. Piaget assumed that the cognitive development of individuals grow and pass 
through the same developmental sequence, but takes place at different speeds. Arends (2004) stated that 
efforts to accelerate students' cognitive development is to involve and provide a suitable environment so that 
students independently conduct investigations to solve the problem and propose solutions, and to compare 
findings with the findings of others. Simas eric learning model is believed to accelerate the cognitive 
development of students which means it can empower students' critical thinking skills. 
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Schaferman (1991) argues that critical thinking should be taught in schools then presented the role of 
the teacher as a facilitator who helps students develop critical thinking skills through the strategies and 
methods of student-centered learning. Components of critical thinking skills must be trained on students is 
including the ability 1) to formulate the problem, 2) argues, 3) to deduce, 4) induction, 5) evaluating, and 6) 
to decide and implement actions (Enis, 1985; Marzano , 1993), and refers to Zane (2013) outlines float 
critical thinking skills by familiarizing students to: 1) interpretation, 2) analysis, 3) evaluating, 4) making 
inferences, 5) communicating, and 6) self-regulation 

In Simas eric learning model, there are learning habit that allows the empowerment of students' 
critical thinking are: a question, answer and discuss answers and cooperative work. Encourage students to ask 
questions and make inquiries is one way to actively engage students in critical thinking (Duron, 2006). 
Observing the activities of students in Simas eric learning model, it appears that students learn to apply 
scientific methods followed by discussion. Proulx (2004) stated that critical thinking stage consists of 
elements similar to the stages of the scientific method. Further stated that the application of scientific 
methods followed by a discussion on the results of the investigation can empower students' critical thinking. 
Discussion process in which there are arguments, according to Lau (2003) is a statement which contains 
summaries of exposure, premise or assumption of the argument. So that students are able to make a good 
argument it must be able to draw up the premise and reason to accept the conclusion. Ability prepare, 
identify, and evaluate the argument is a crucial part of critical thinking (Lau, 2003). In Simas eric work there, 
students conduct cooperation in small groups to understand and solve the problems and the opportunity for 
students to dialogue that have an impact on the empowerment of critical thinking skills. According to Slavin 
(2009) one of the basic elements of cooperative learning is happening learning social skills regarding 
leadership learning, decision making, trust building, communication, and handling problems collectively 
together. In cooperative work, gives students the opportunity to think along with peer discussions so as to 
make the thought process to be open to all students. According Konberg and Griffin (2000) to train students 
to think critically through analysis of the problem through a method of repeatedly can help students master 
the material is complex and to empower critical thinking skills. 
 
The Effect of Academic Ability on Critical Thinking 

ANACOVA results indicate a significant relationship between the level of academic ability of the 
students' critical thinking skills. The group of students of high academic ability significantly to show critical 
thinking abilities higher than those in low academic ability students. The results of this study can be 
explained, that the academic ability is one of the factors that influence students' critical thinking skills. 
Gunter (2001) found that students with high academic achievement thinking ability higher than students with 
low academic ability. This is due to the knowledge that is used to solve complex problems involving higher 
cognitive has been owned by the students of high academic ability. According to Gagne (1995), that 
knowledge affects the development of students' thinking. According to Giancarlo (1998) and Facione (1997) 
found a very close relationship between the basic thinking skills of the students in determining the success of 
students in critical thinking. 

Based on the illustration above, the role of academic ability or prior knowledge is an essential factor 
in improving critical thinking skills. Therefore, teachers need to pay attention to a student's academic ability 
in learning, for academic ability affect the intellectual development of students, and the ability to apply 
critical thinking (Jenkins, 1998; Facione, 1998; Collins, 2000). Critical thinking skills are very useful for 
students not only in the school but also in everyday life. Prior knowledge gained through interaction with the 
environment, therefore, teachers should provide an environment that stimulate the activation process of 
students 'prior knowledge can improve mental processes or the involvement of students' critical thinking 
skills. Actively involving the students can prepare learning model is appropriate, because the model used in 
the study related to the critical thinking skills of students, Gadzella (1997) found a direct relationship, a 
positive and significant relationship between the learning process very well prepared and critical thinking 
skills, critical thinking skills are also related to student learning outcomes (Gadzella, 1997). 
 
The Effect of the Interaction with Simas eric learning model Level Academic Ability to Critical 
Thinking Skills of High School Students 

ANACOVA indicates that there is no interaction effect between the learning model based on 
academic ability level of the students' critical thinking skills. Based on the results of counting statistics show 
the average value of corrected intergroup study subjects gained the ability to think the highest row is class 
combination of models Simas eric academic ability is high, graders combination of conventional and 
academic ability is high, graders combination models Simas eric academic ability is low, and the latter 
graders conventional combination with low academic ability. 
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The results of this study can be explained, that the combination of Simas eric learning model with a 
high level of academic ability is a combination of mutual support in empowering critical thinking skills. 
Several reasons can be described as follows. 1) Simas eric encourage students to improve critical thinking 
skills. Simas eric through learning students will ask questions, solve problems, and collaborate with peers. 
Some of the students' ability honed continuous learning simas eric with certainty. 2) high academic ability to 
facilitate the ability of problem analysis, arguing, develop ideas, provide solutions, criticize, make decisions 
and draw conclusions based on careful consideration. 

The findings of this study indicate that the class is facilitated learning models simas eric can narrow 
the gap between the two groups of students with different academic abilities. This shows Simas eric learning 
can empower critical thinking skills on a group of students with low academic ability. The study's findings 
are consistent with research findings by Thomas (2000), about the relationship between the academic ability 
to conduct critical thinking and behavior of social participation is as follows: 1) the behavior of critical 
thinking and behavior of social participation on students' low capacity increased by 446 %, 2) the behavior of 
critical thinking and social participation of the students of high academic ability is increased by 76%. 

Implications of the findings of this research is the application of appropriate learning models is a key 
factor in efforts to narrow the gap between groups of critical thinking skills of students with different 
academic abilities. As stated by Schafersman (1991) teachers need to help students to develop critical 
thinking skills through the strategies and methods of learning that encourages students to learn actively. 
 
CONCLUSIONS 
 

The development of learning model using LDC considers four domains: transmission, acquisition, 
emergence, and accretion. LDC consists of several steps: (1) scope and object of learning design, (2) creation 
of learning resources, (3) user experience, (4) meta-evaluation to determine the effectiveness and accuracy of 
the design process and assumptions, (5) evaluation of formative and summative project and the student 
experience. The feasibility test of Simas eric model are categorized as very feasible, the practicality test are 
categorized as high and test of  the effectiveness in small scale can improve learning outcomes 83.5% higher 
than the students who facilitated regular learning. Simas eric learning model significantly affect high school 
students' critical thinking skills. Academic ability significantly affect high school students' critical thinking 
skills. The interaction of Simas eric learning model on academic ability does not significantly affect the 
ability of critical thinking 
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Abstract: The objective of this research is to identify the development of language and mathematics abilities 
as well as self-independence of a five years old child with speech disorder.  The study was conducted in eight 
weeks period in which playing with educational toys had been the main activity.  This is a descriptive 
qualitative research in which the data were collected using direct interviews, checklist instruments and 
observations.  Based on intensive observations using the four point Likert scale, there were medium increases 
in the observed variables.  For the language ability the average score increased from 1.5 to 2.9 with the N-
gain of 0,56, for the mathematics ability the average score increased from 1.7 to 3.0 with the N-gain of 0,57 
and for the self-independence the average score increased from 2.1 to 3.0 with N-gain of 0,47.  A 
longitudinal study on the child for one or two years is needed to arrive at more meaningful and conclusive 
findings. 
 
Keywords: Speech disorders, educational toys, language development, math development and self-
independence development. 

 
 

INTRODUCTION 
 This research was based on the delay of language and mathematics abilities as well as self-
independence of a five-year-old child, who had very limited verbal and written language abilities.   The 
language delay of the research subject was clearly seen in the difficulties experienced by the child in 
communicating with others especially in stating information,  producing words, and building simple 
sentences.  The subject had limited vocabulary as she could only produce 20 words and not all words could 
be pronounced clearly and completely.   Those things showed that the child had not achieved the age 
appropriate language development stage where she should have had around 10,000 words in her vocabulary 
and was able to master more complex grammar (Berk, 2012, 385-387). 
 The weakness in this verbal ability had an impact to the lack of written language ability especially in 
terms of writing, identifying letters as well as basic mathematics. Moreover, the subject of this research 
lacked of self-independence and always protected herself from social interactions with people outside her 
family by covering up her face or avoiding interactions with unfamiliar faces. 
 The inappropriate parenting style in supporting the language, cognitive and self-independence 
development of the child and the parents’ tardiness in realizing that their child had a communication problem 
resulted in a long and lengthy process to overcome the disorder.  The therapy undergone by the child to help 
overcoming the disorder had been going on for more than a year, with little improvement.  
 From the issues stated above, this research was aimed to know the development of the  subject in 
verbal and written language, basic mathematics, and self-independence abilities through various learning 
activities by playing activities with a variety of educational toys found at home or at school and could be 
used by both parents and teachers. 
  
LITERATURE REVIEW 
Language Development 
 Language is a communication system based on words and grammar that are related to cognitive 
development of a person (Papalia, Olds dan Feldman, 2007, 177).   Verbal, written and sign language is a 
cultural and social tool that enables human beings to express their ideas, suggestions, traditions and values to 
the next generations.   Language is also an important means of communication and serves as integral part of 
human inteligence (Upton, 2012, 104).  The psycholinguistic experts think that language is one of the tools 
that can help the cognitive development and increase the self confidence of a child.  Vygotsky believed that 
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the mind depends on language and the mental operations of everyone are embodied in a language structure.   
Hence, the cognitive development is the result of language internalization which was an enabler in social 
interactions. The language internalization usually appears when a child reaches the age of two years and it is 
this internalized language that can guide the actions and the thoughts of everyone (Upton, 2012, 122). 
 A child must learn about basic sounds, how to combine those sounds into words, how to combine 
words into meaningful statements, know the meanings of words and sentences and how to use language 
effectively in social interactions so that the child can master the verbal language (Sigelman dan Rider, 2006, 
255).   Upton (2012, 106) and Wicks-Nelson and Israel (2006, 274) explain about the five aspects of 
language that have to be mastered by a child in order to do the things above, as follows: phonology, 
morphology, syntax, semantic and pragmatic.  
 Speech is the most effective form of communication, therefore the speech ability becomes important 
and most widely used. The speech ability will influence the child’s social and personal adjustment and 
development.  From various researches, the absence or lack of speech ability tends to have negative impact 
on the learning ability and the success rate at school of a child.   These children also have difficulties in 
adapting and being accepted as members of the social groups.    Children with better speech abilities tend to 
have higher confidence and to become  leaders as compared to those with speech difficulties.  For that 
reason, early intervention is of the utmost importance to help children with speech disorders.  
 
Mathematics Development 
 One of the most observed component in children development that is used as a benchmark in 
measuring their cognitive development is their mathematics ability. The basic concepts of mathematics can 
be introduced to the children since early age through songs, games, illustrated stories, daily conversations, 
discussions, etc. The development of knowledge and understanding about mathematics grows in line with 
age.  Piaget explains that children aged 2 to 7 years old are still in pre-operational stage and they need 
tangible things to comprehend the concepts such as counting, identifying shapes, measuring or comparing.  
Nevertheless, they have limited comprehension on concepts such as conversions, and classifications (Berk, 
2012, 303-304).  The thought process of a child at this stage is centered and ignores other dimensions once 
encountered by multidimensional conditions (Gredler, 2005, 279). 
 Refering to the Regulation of Minister of National Education Republic of Indonesia, Number 58, 
Year 2009 about the standard of early childhood education and the mathematics standard for Pre-K2 to Grade 
2 level compiled by the National Council of Teachers of Mathematics (NCTM), the mathematical ability of 
five year old children can be observed from their abilities to make simple classification, to identify numbers, 
geometrical shapes and measurements, to make simple pattern and to understand the space and position 
concept. 
 
Self-Independence Development 
 Self-independence is a very important element in social emotional development aspects of the 
children.  According to Erik Erikson, self independence grows when the children reach the age of 1 – 3 years 
or in the second stage of their pyschosocial development which is autonomy vs shame.  Once a child  starts to 
develop trust at the guardian, he will start realizing his actions and practicing self-autonomy.  If at this stage, 
a child is overly restricted and always been punished then she will begin to develop inner self doubtfulness 
(Santrock, 2012, 73). 
 Steinberg (1995, 286) stated that self independence refers to the ability of an individual to act on his 
own.  An independent child usually can carry out or implement activities independently and live off the 
influence of others especially parents.   As an example, the child will not ask for help when he wants to 
change clothes or to use toilets, instead he can do it by himself. 
 The development of self-independence  in a child is a long process that can be influenced by many 
things.  Emotional factor, wrong parenting, bad relationship with siblings, non supportive environment and 
lack of stimuli can cause problems that will influence a child’s self independence.   
 In the Regulation of Minister of National Education Republic of Indonesia Number 58 Year 2009 
and the Development of Non Formal Early Childhood Education (Diknas, 2007)  self independence becomes 
one of the indicators in measuring the social emotional development of a child.  Particularly in this study of a 
five-year-old girl, the development of her social emotional and self-independence was observed from the 
child’s interactional abilities in which she begins to be able to control her emotions, shows confidence and 
starts to be able to protect herself.  The child’s self independence in doing activities is observed from her 
abilities to choose learning activities and/or materials, to play independently, to tidy up the playing materials 
and the abilities to interact with others and to control her emotions especially during separation from her 
parents.  Meanwhile the child’s self independence in protecting and taking care of herself is observed from 
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her  abilities to dress up, put on/take off shoes, preserve self-hygiene and serve/feed herself during eating 
meals or drinking times.  
 
Playing with Educational Toys  
 Playing is an interactive activity that involves choices, gives pleasant motivation and delays real life 
realities (Huizinga, Mitchell and Mason, and Dearden in Henniger, 2009, 124).  The benefits of playing for 
children according to Henniger (2009, 135-141) are to help intellectual development, to support social skill 
development by learning about social norms, to understand the rules in social interactions and to reduce 
children’s self egocentric tendencies,  to promote language development and literacy, to develop physical 
growth, to develop emotional development,  and to develop children’s creativity. 
 One type of playing is the constructive play.  Berk (2012, 351), describes that constructive play is 
one form of playing that can stimulate children’s cognitive development which involves activities to build or 
to form something and generally conducted by children of 3 to 6 years old.  One learning media that can be 
used in the constructive play is educational toys (ET).  ET is all forms of things that can be used by children 
as playing instruments or media that must contain educational values and can help develop children’s 
potentials, knowledge and understanding optimally.  Several conditions that must be met before a learning 
material can be referred as ET are that the material must be able to motivate children to learn 
actively/promote active learning, to enable children to learn independently/learning by doing, contain 
educational values and promote children’s multiple intelligence development,  safe, durable, attractive in 
both shapes and colors, able to induce self interactions and interactions with others and can be used according 
to the needs, interests and levels of children development (Mulyati, 2011, 12). 
 
RESEARCH METHODOLOGY  
 This research was conducted using a case study approach that has been part of qualitative research. 
Wicks-Nelson dan Israel (2006, 76) stated that case study is descriptive method generally used to investigate 
behaviour disorders.  Two main data collection techniques used in this research were  (1) in-depth interviews 
with the parents, the speech therapist and the household assistance of the research subject,  and (2)  recording 
of events using checklist sheets. The other data collection techniques used as complements to this research 
were (1) direct observation on the research subject, (2) analysis of written documentation such as the therapy 
log book and use of a camera and video to record the activities of the  subject.   The collected data were then 
validated using source triangulation, analyzed using average calculation and N-gain analysis,  and then 
presented in a descriptive manner. 
 The research was conducted from January 2015 to May 2015. The subject of this research was a 
five-year-old girl  who suffered from speech disorders and chosen intentionally.  In this research, the subject 
was observed in her regular daily life with the intention to learn about the development of her language 
abilities in both verbal and written, her basic mathematics abilities and her self independence development 
during the learning process.   
 
RESEARCH FINDINGS AND DISCUSSIONS 
 Based on the result of the source triangulation, it was found that she had issues in the development 
of her language, basic mathematics abilities and self independence as shown in Table 1.  From the table 1, it 
is evident that based on the Likert Scale of 1-4, her abilities  in language had an  average score of 1.5 and an 
average score of 1.7 in her basic mathematics abilities, which put her in the category of  unable. Her self 
independence abilities were in the category of less able with an average score of 2.1. 
 

Table 1.  Subject’s Language, Mathematics and Self Independence Abilities before the Learning Process 
Indicators R P T Average 

Language Development 
Ability to listen, distinguishes, produces sounds and communicates verbally. 1.7 2.0 1.8 1.8 
Ability to enrich vocabularies needed during daily conversation. 1.3 1.5 1.5 1.4 
Pre-Reading 1.0 1.4 1.2 1.2
Pre- Writing 1.0 1.0 2.0 1.3 
Average 1.3 1.5 1.6 1.5 
Math Development     
Ability to make a  simple classification 2.0 2.0 2.0 2.0 
Identify numbers 1.3 1.8 1.8 1.6 
Identify geometrical shapes 1.6 2.0 1.6 1.9
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Ability to measure 1.5 2.1 1.1 1.6 
Ability to create a pattern 1.0 2.0 1.0 1.3 
Identify spaces and positions 1.0 2.0 1.0 1.3 
Average  1.4 2.0 1.5 1.7 
Self Independence Development     
Ability to wear clothes 2.0 2.6 1.8 2.1 
Ability to put on and take off own shoes 2.3 2.8 2.5 2.5 
Ability to maintain self-cleanliness 1.7 2.2 1.4 1.7 
Ability to eat/drink 2.3 2.8 2.5 2.5 
Ability to do activities independently 2.3 2.8 2.1 2.4 
Average 2.0 2.5 1.9 2.1
Notes: Based on Likert Scale (1-4):  Sources of data: R = Researcher, P = Parent, T=Therapist 
 
 Looking into the issues experienced by the subject, then learning through playing activities using the 
ET were conducted to help her development.  The primary reason for using the ET is that the toys used can 
help her  explore,  practice problem solving by repeating activities,  interact physically and  use her sensory 
capacities in doing the playing tasks, see the connection of a mathematics concept with her own real life,  
realise the mistakes done and correct them while learning and  develop her self confindence. 
 During the learning process, the playing activities with the ET was proven to be effective in  
developing her limited abilities.  Moreover, she also felt comfortable, relaxed and happy in doing the playing 
tasks given so that she dared to try and  learn new things.  This kind of emotional condition and learning 
environment were very conducive for her to help absorb many things from the learning activities provided. 
  
Language Development 
 The results of her learning activities for her language abilities are shown in Table 2 and Table 3. 

Table 2. Subject’s Language Development Before and During the Learning Process - (W.1-W.8) 
Indicators Before During the Learning Process 

W.1 W.2 W.3 W.4 W.5 W.6 W.7 W.8 
Vocabulary 20 + 17  + 22  + 41 +24 +30 +15 +16 + 50 
Building 
Sentences 

Unable Copy Copy Able to create 
a simple 
sentence 
using 2-3 

words. 

Able to create a sentence 
using  2-4 words 

Able to 
create a 
sentence 
automati-

cally 
Pre-reading Unable to 

identify 
any letters 

Identify 
letter A 
and  I 

Identify
A, I, U, 

E, O 

Identify letter 
A, I, U, E, O 

Identify vocal and some consonant letters 
such as B, F, H, K, M, S, Y 

Pre-writing  Unable to 
write 
letters 

Able to 
write 

with help 

Able to trace letters and 
cut them 

Able to copy 
letters 

Able to write her own 
name and write familiar 

letters 
Notes: W.1-W.8: result from week 1 until week 8 throughout the learning process. 
 
 From Table 2 above, it is shown that at the end of the learning process, (1) she could say and 
understand 215 new words, although with  some faulty pronunciation, (2) she could make  simple sentences 
(comprising of: subject + verb, subject + noun, subject + pronoun + verb + noun, subject + predicate + object 
by combining 2 – 4 words),  (3) she could identify and write 12 letters and  (4) she started to be able to draw 
shapes.  Table 3 below also showed her improvement from the category of unable to almost able with an 
average score of 2.9 (scale 1-4). 

 
Table 3.  The Average Scores of Subject’s Language Development Before and After the Learning Process 

Indicators Before After 
Score Category Score Category 

Ability to listen, distinguishes, 
produces sounds and communicates 
verbally. 

1.8 Unable 3.1 Able 

Ability to enrich vocabularies needed 
during daily conversation. 

1.4 Unable 2.8 Almost able 
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Pre-Reading 1.2 Unable 2.7 Almost able
Pre- Writing 1.3 Unable 2.8 Almost able 

Average 1.5 Unable 2.9 Almost able 
Notes:  Score is based on Likert Scale 1-4. 
 Beside calculating the increase in average scores, an analysis of the N-gain was also carried out to 
know how much her language abilities  have improved.  Her N-gain score was 0.56, which means that the 
improvement achieved was at the medium level. 
 It was evident from the learning with the ET that the continuous input given in the form of new 
words  has improved her speech response and helped the muscles of her organs of speech to accommodate 
the new words structure. More intensive treatment in a much longer period of learning is required in order to 
achieve better improvement in the future, considering that her condition is somewhat far behind as compared 
to the normal condition of the children at her age. 
 
Mathematics Development 
 Various ET have been proven very effective in providing stimuli to help her basic mathematics 
abilities development. The forms of the ET used were jigsaw, cards, blocks, household appliances and 
utensils, and worksheets which focused on hands-on learning.  The result of her basic mathematics abilities 
development  from the learning activities are shown  in Table 4. 
 

Table 4.  Subject’s Basic Mathematics Abilities Development Before and During the Learning Process  
Indicators Before During the Learning Process 

W.1 W.2 W.3 W.4 W.5 W.6 W.7 W.8 
Ability to 
make a  
simple 
classification 

Unable Unable Able to classify 
based on shapes 

and colors. 

Able to classify based on 
shape, colors, and sizes. 

Identify 
numbers 

Able to 
say 1-3, 

unable to 
count and 

to 
identify 

numbers. 

No significant 
changes 

Began to 
count 1-4 

Began to 
count 

1-5, and 
to 

identify 
number 

1,2,3 

Began to 
count 

1-6,  and to 
identify 
number 

1,2,3,4 and 
5 

Able to count 
1-6, and to identify 
number 1,2,3,4,5 

Identify 
geometrical 
shapes 
 

Unable to 
identify 

any 
shapes 

No significant 
changes 

Able to 
identify 

 

Able to identify 
 
 

Able to identify 
 
 
 

Able to 
complete 
≤6 pieces 

puzzle 

No 
signifi-

cant 
changes 

Able to 
comple-

te ≤9 
pieces  
puzzle 
with 
help 

Able to complete > 9 pieces puzzle without any help 

Ability to 
measure 

Unable to 
under-

stand any 
measure-

ment 
concept 

Learned to 
distinguish big and 

small 

Able to 
put 

objects in 
order 

from the 
biggest 
to the 

smallest 

Understand the concept of big-small, high-low, 
long-short, empty-full. 

Ability to 
create a 
pattern 

Less able No significant changes Able to create 
pattern using two 

different 
colors/shapes with 

help 

Able to create pattern 
without any help 
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Identify 
spaces and 
positions 

Less able No significant changes Identified the 
concept of top-

bottom and 
here-there

Identified the concept of in-
out, front-back, forward-

backward. 

Notes: W.1-W.8: result from Week 1 until Week 8. 
 
 The result of the source triangulation using the checklist (Table 5) showed an increase in the average 
scores from 1.7 to 3.0.  Using the Likert scale 1-4, this means that her basic mathematics abilities 
development  improved from the unable category to the able category with an average score of 3.0.  Her N-
gain score achieved was 0.57 which was at the medium level. 
 

Table 5. The Average Scores of Subject’s Basic Mathematics Abilities Development  
Before and After the Learning Process 

Indicator Before 
 

After 

Score Category Score Category 

Ability to make a  simple classification 2,0 Less able 3,3 Able 
Identify numbers 1,6 Unable 2,7 Almost able 

Identify geometrical shapes 1,9 Unable 3,1 Able 

Ability to measure 1,8 Unable 2,9 Almost able 
Ability to create a pattern 1,3 Unable 3,3 Able 
Identify spaces and positions 1,3 Unable 3,0 Able 
Average 1,7 Unable 3,0 Able 
Notes:  Score is based on Likert Scale 1-4. 
 
Self-Independence Development  
  The results of the learning activities of the research subject in self independence development are 
shown in Table 6. 
 

Table 6.  Subject’s Self-Independence Development Before and After the Learning Process 
Indicator Before After 

Ability to wear clothes She was able to take off her own 
clothes, but she still needed help to 
put on clothes. 

She was able to wear clothes, diaper and 
underwear without any help.  

Ability to put on  and 
take off own shoes 

She was able to put on her shoes with 
help from an adult. 

She was able to put on her shoes without any 
help. 

Ability to maintain 
self-cleanliness 

She still needed help in doing 
toilet/bathroom activities.  

1. She was able to take a bath, put on soap 
with little assistance.  
2. She was able to change the diaper by 
herself and to clean herself. 
3. She was able to wash her hands properly 
without being told.  

Ability to eat/drink She was fed by others. 1. She was able to serve and feed herself 
2. She was able to clean up and wash the 
dishes by herself. 

Ability to do activities 
independently 

1. She made excuses to avoid tidying 
up the toys. 
2. She constantly needed someone to 
accompany her to play in order to 
keep her focus. 
3. She rarely initiated others to play 
with her. 

1. She was able to choose her own activities 
and to tidy up the toys. 
2. She could play independently. 
3. She didn’t cry when her parents leave her. 
4. She initiated a play 
5. She was able to complete her tasks with 
ease and on time.  

 
 From Table 7 it is obvious that using Likert scale 1-4 her self-independence development after  the 
learning activities was at the category of able with an average score of 3.0, a significant increase as compared 
to where the research subject was at the beginning of the learning activities where she was at the category of 
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less able with an average score of 2.1.  The N-gain score calculated also for her self- independence 
development showed a score of 0.47 which meant that the level of improvemet of the research subject was at 
the medium level. 

Table 7.  The Average Scores of Subject’s Self-Independence Development 
Before and After the Learning Process 

Indicator Before After 
Score Category Score Category 

Ability to wear clothes 2.1 Less able 3.0 Able 
Ability to put on and take off own shoes 2.5 Less able 3.1 Able 
Ability to maintain self-cleanliness 1.7 Unable 2.8 Almost able 
Ability to eat/drink 2.5 Less able 3.3 Able 
Ability to do activities independently 2.4 Less able 3.2 Able 
Average 2.1 Less able 3.0 Able 
Notes:  Score is based on Likert Scale 1-4. 
 
The techniques used during the learning activities period proven to yield good results to her self-
independence development  were: 

1) Giving her opportunities to try doing many things independently, such as taking her own meals and 
feeding herself, letting her do her own toilet things like changing her own diapers, washing herself, 
and changing her clothes. 

2) Using positive and non judgemental words in soft tone, which managed to  encourage her to keep on 
trying things even when she did a mistake or failed to complete the tasks.  

3) Applying clear and consistent rules.   
4) Using educational toys that can stimulate and challenge her to play and to  do activities on her own 

and to create her own plays. 
 
CONCLUSIONS 
 Based on  the Likert scale of 1-4,  and the N-gain analysis, it can be concluded as follows: 

1) The initial condition of her language development was in the “unable” category with an average 
score of 1.5. At the end of the learning process, it is shown that the average score increased to 2.9, 
which showed that she was in the “almost able” category.  Her language development stage was at 
the medium level (N-gain of 0.56).   
 

2) Her basic mathematics abilities development condition at the beginning of the research was in the 
“unable” category with an average score of 1.7.  At the end of the learning process the average score 
increased to 3.0 which meant that she  reached the “able” category, with an N-gain of 0.57 (the 
medium level).   

3) The initial condition of her self independence was in the “almost able” category with an average 
score of 2.1.  At the end of the learning process, she managed to get an average score of 3.0, which 
meant that she was in “able” category, with an N-gain of 0.47 (the medium level) 
 

In short, the learning through playing with the educational toys (TE) was proven to give positive impacts to 
the development of language, mathematics and self independence of the research subject because playing 
gave a pleasant condition for her to avoid pressure and stress in learning and even made her love the 
activities conducted.  Subconsciously the research subject learned about new things and managed to absorb 
her new learnings in a better way.  However, playing would not be enough if it was not supported by the right  
and appropriate educational toys that suit the child development stage.   Particularly for the research subject 
that has speech disorder, the education toys used during playing could also be the means to communicate and 
to interact with others, to demonstrate her ability that could not be expressed verbally and to help the 
researcher to observe the improvement of the research subject. 
 
RECOMMENDATIONS 
 
 Several recommendations that could be implemented by the parents and the teachers to help the 
research subject to  develop her language, mathematics and self independence abilities are as follows: 

1) Give good examples and models while speaking. The simple words and sentences used must be 
clearly pronounced and said repetitively using the correct grammar.  
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2) Improve the parenting style applied at home by giving her opportunities  to speak to express her 
thoughts and emotions, providing a specific time to learn and to play, giving various stimuli and 
avoiding too much assistance.  

3) Invite peers or adults who can encourage her to be more open and willing to communicate with 
others. 

4) The parents must be able to work together with the therapist or the teacher so that the process of 
learning provided by them can be reinforced at home.  

 
Recommendations for Further Research 
 Due to the limitations of this research, the recommendations for further  research would be as 
follows: 

1) Conduct further qualitative research using single subject research design method or a full 
experimental design in which there will be a control subject or group.   

2) Study also other variables such as the aspects of parenting, self-autonomy, self-confidence, learning 
situation, and effectiveness of the therapy given to her and conduct more comprehensive analysis of 
the findings. 

3) Carry out  longitudinal research in order to measure the development of the research subject in a 
long term framework. 
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Abstract: In the State of Western Australia gifted primary school students, in public schools, are able to 
participate in a gifted and talented program called Primary Extension and Challenge (PEAC).  This research 
aims to investigate firstly whether a three phase learning cycle is a suitable model for teaching science to 
gifted primary students in Year 6 and secondly, whether a descriptive learning cycle (DLC) or a hypothetical-
deductive learning cycle (HDLC) is the most effective in bringing about conceptual and attitudinal change in 
the students.  A basic electronics course was chosen for the intervention treatment. Quantitative data 
consisting of results from a two-tiered multiple choice test and a concept mapping task were used to 
investigate conceptual change.  Attitudinal change was investigated using the Test of Science Related 
Attitudes (TOSRA).  All quantitative instruments were administered before and after the intervention to 
determine any conceptual and attitudinal change.  Qualitative data consisted of the teacher/researcher’s 
journal and reflections was used to help interpret the quantitative data. The research concluded that a three 
phase learning cycle was a very effective teaching/learning model for teaching basic electronics to gifted 
Year 6 students.  Both the DLC and the HDLC gave eta squared effect sizes greater than 0.7 for the concept 
mapping task and the multiple choice test, however there was no significant difference between the two types 
of learning cycles.  Both types of learning cycle improved enjoyment of science lessons with eta squared 
values of 0.25 for the DLC and 0.45 for the HDLC group. 
 
Keywords: Learning cycles, Inquiry learning, Giftedness, Conceptual change, Attitudinal change 
 
 
INTRODUCTION 
 

This paper discusses some aspects of the research towards a Doctor of Philosophy by Graham Lake 
at Curtin University, Western Australia.  The research investigates if a three phase learning cycle is an 
effective model for teaching science to gifted primary students.  Two different learning cycles with different 
levels of inquiry based learning are compared to ascertain the most effective for gifted Year 6 students.  The 
research has been supervised by Professor David Treagust. 

The Primary Extension And Challenge (PEAC) program is a withdrawal extension program for 
gifted Year 5 and Year 6 students in Western Australian public schools.  Students are selected for this 
program by undertaking two intelligence tests at the end of Year 4.  Students in the top 2%, based on these 
test scores, are offered a position in the PEAC program.  Once accepted students stay in the program for both 
Year 5 and Year 6.  Teachers in the PEAC program are mostly primary trained however there are some 
specialist secondary teachers for subjects such as aeronautics and science.  This research is significant 
because primary trained teachers often lack the confidence to teach science (Hackling, Peers, & Prain, 2007) 
and secondary trained teachers may need extra professional development for teaching younger and gifted 
students (Fraser-Seeto, 2013; Rowley, 2012).  A three phase learning cycle can provide a simple teaching 
model for use by both secondary and primary teachers giving them confidence and skills in teaching science 
to the gifted student. 
Simplicity is an essential criterion for a PEAC teaching model due to the time constraints of a PEAC course, 
hence the decision to use a three phase learning cycle as described by Lawson (1995).  A 20 hour course of 
basic electronics was used in this research.  Two types of learning cycle were compared to investigate which 
was the most effective; a Descriptive Learning Cycle (DLC) or a Hypothetical Deductive Learning Cycle 
(HDLC).  Each cycle incorporated the phases of Concept Exploration, Concept Development, and Concept 
Application.  The DLC is mainly teacher centred and could be described as scaffolded inquiry.  The HDLC 
on the other hand is more student centred with less intentional scaffolding.  In both the DLC and the HDLC, 
students worked in pairs and were encouraged to continually discuss their ideas and observations with their 
partners. 
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Change in student attitude to science lessons was also investigated to determine any change due to 
learning cycles.  Monitoring student attitude was a critical aspect of this research because maintaining a high 
level of motivation is a critical aspect of gifted education (Reis & Renzulli, 2010). 
 
THE RESEARCH 
 
This research was designed to answer the following questions: 
Research Question 1: 
Is a three phase learning cycle an effective teaching model for bringing about change in the conceptual 
structures of PEAC students studying basic electronics? 
Research Question 2: 
Which of the two learning cycles, a DLC or a HDLC, is the most effective in bringing about change in the 
conceptual structures of PEAC students studying basic electronics? 
Research Question 3: 
Does a three phase learning cycle change a PEAC student’s enjoyment of science lessons? 
Research Question 4: 
Which of the two learning cycles, a DLC or a HDLC, is the most effective in changing a PEAC student’s 
enjoyment of science lessons? 
 
RESEARCH DESIGN AND METHODOLOGY 
 

This research collected empirical quantitative data, using a pre- and post-test procedure, to 
objectively compare the effectiveness of two different forms of a learning cycle, a DLC and a HDLC.  This is 
consistent with a post-positive paradigm example cited by Treagust et al. (2014, p. 4) of a study by Ryoo and 
Linn (2012), which looked at a new teaching method and its effectiveness on student achievement using a 
pre- and post-test procedure.  Each type of learning cycle was given to separate but equivalent groups of 
PEAC students.  The student groups were determined by the school timetable rather than being chosen 
randomly thus making the design quasi-experimental. 

A mixed methods approach was used in this research because the experimental data was best 
interpreted by considering the personal reflections of the teacher involved in the administration of the 
learning cycles.  During the research treatment, the teacher collected qualitative data consisting of his 
personal reflections, specific teaching strategies, and audio recordings of two lessons.  A limitation of this 
study was the small number of research subjects available.  PEAC classes are quite small and include two age 
groups of students – Year 5 and Year 6, however it was decided to concentrate on a sample of Year 6 
students only ensuring the research groups were homogeneous with respect to academic level.  A period of 3 
years was required to acquire matched samples of 25 students. 
 
Research instruments 
The research instruments consisted of a constrained concept mapping task, a two-tiered multiple choice 
knowledge application test, and a science related attitudes questionnaire.  Each instrument was administered 
prior to the course starting and on completion of the course, thus enabling the determination of conceptual 
and attitudinal change 
 
Constrained mapping task 

The constrained concept mapping task was based on a method described by Yin et al. (2005).  In 
this task students were given all the concepts and some linking phrases, then asked to construct a map to 
indicate the relationships between the concepts.  A blank mapping sheet is shown In Figure 1.  The 
completed maps were scored using a method based on one described by Yin et al. (2005).  In this method all 
single propositions from all maps were extracted and placed on an Excel spreadsheet and then given to two 
expert markers (physics teachers) to rate each on a scale of 0 to 5.  The rater scores were correlated using a 
Pearson product-moment correlation to determine the inter-rater reliability.  This correlation was very high 
with a value 0.90 (see Table 1). 

The two sets of scores were then reviewed by a third rater to mediate any differences in the scores to 
produce a final score for assessing the student concept maps.  Each student’s concept map was then scored 
using the scaled list of concept propositions.  Each key concept, based on the course outline, was also scored 
to determine how many students understood that concept. 
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Figure 1. Constrained concept mapping task worksheet 

 
Table 1. Table of descriptive statistics for inter-rater reliability 

Marker Mean 
Standard 
Deviation 

d.f. Pearson r Sig.(2 tailed) 

Marker 1 2.93 1.45    
Marker 2 3.03 1.61  
Correlation   74 0.90 < 0.01 
A Pearson ‘r’ of 0.90 indicates a strong correlation between the two concept raters indicating a strong 
reliability for the marking of the student concept maps. 
 
Knowledge application test 
The knowledge application test consisted of ten two-tiered multiple choice items.  The test contained five 
parallel pairs of items in order to determine a split half reliability using a Rulon’s equation for five matched 
pairs of items, then applying a Spearman-Brown prophecy formula to predict the reliability for a ten item test 
(Magnusson, 1967).  This method of determining reliability was used because the large variation in difficulty 
of the items did not satisfy conditions for a Cronbach’s Alpha coefficient.  The results are shown in Table 2. 
 

Table 2. Knowledge Test reliability coefficients 

Group n 
Split half Correlation 

for 5 items 

Spearman-Brown 
estimate 
10 items 

Sig. (2 tailed) 
10 items 

All Students 51 0.48 0.65 <0.01 
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A typical Knowledge Test question is shown below: 
Question 1. 
In Diagram 1, two globes A and B are connected as shown and each shines equally bright. 
 

Diagram 1 
 
 
What would happen to the brightness of each globe when a wire is connected between points X and Y as 
shown in Diagram 2? 

 
Diagram 2 
 
 
 
 
 
(a)  Globe A and B would shine with the same brightness.   
(b)  Both would shine, but globe A would be brighter than Globe B. 
(c)  Globe A would shine brighter and Globe B would not shine. 

 
Choose the best alternative below as a reason for your above answer: 

(a)  The wire takes half the energy from Globe B. 
(b)  The wire from X-Y is a short circuit. 
(c)  The wire has low resistance and does not affect the globes. 

 
Attitude to science questionnaire 
The Test of Science Related Attitudes or TOSRA (Fraser, 1981) was used to measure attitudinal change in 
the students as a result of the research intervention.  The TOSRA consists of seven sets of ten questions 
covering a range of attitudes, however only one set will be discussed in this paper, and that is the Enjoyment 
of Science Lessons.  This set were chosen to investigate if learning cycles improved a PEAC student’s 
enjoyment of science. 
Lawson’s Classroom Test of Scientific Reasoning (LCTSR) 
The LCTSR (Lawson, 1995) was administered to 50, Year 6, PEAC students to ascertain their developmental 
level.  This instrument was not administered to the electronic classes specifically, but to the total Year 6 
PEAC cohort in 2014.  It was considered the results of this test would provide useful background information 
for interpreting the research results. 
 
RESULTS 
 
All results are presented with a table of descriptive statistics and a graph where possible. 
Concept mapping task results 
It should be noted that the concept mapping task is an open ended task resulting in a large range of scores, 
consequently the standards deviations are quite large. 
Descriptive Learning Cycle (DLC) 
The DLC group concept scores indicate a statistically significant improvement with a large effect size as 
shown in Table 4. 

Table 3. DLC group statistics for total concept scores 

DLC Total Concepts Mean N 
Standard 
Deviation 

df ‘t’ value 
Sig. 

(2 tailed) 
Effect size 

(Eta2) 
Pre intervention 13.03 25 9.33 24 7.94 0.000 0.73 
Post intervention 34.84 25 17.46 24    
 
 

A  B

X Y

BA 
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Figure 2. Graph of total scores for DLC total concepts 

 
Hypothetical-Deductive Learning Cycle (HDLC) 

Similar to the DLC group the HDLC group concept scores indicate a statistically significant improvement 
with a large effect size as shown in Table 4. 

Table 4. HDLC group statistics for total concept scores 

HDLC  
Total Concepts 

Mean n 
Standard 
Deviation 

‘t’ value 
Sig. 

(2 tailed) 
Effect size 

(Eta2) 

Pre intervention 19.27 26 12.30 9.39 0.000 0.78 
Post intervention 43.19 26 20.50    

 

 
Figure 3. Graph of total scores for HDLC total concepts 

 
Group comparison for concept map scores 

Even though both the DLC and the HDLC group show a significant improvement as a result of the 
intervention, there is no statistical significant difference between the two groups as shown in Table 5. 

Table 5. Group statistics for total concept scores 

Group Mean of Diff.’s n. 
Standard 
Deviation 

‘t’ value 
Sig. 

(2 tailed) 

DLC 21.80 25 13.74 0.57 0.57 
HDLC 23.92 26 12.99   

 
Key Concept Scores 
Figure 4 shows the percentage of students who demonstrated a good understanding of the electronics course 
key concepts.  Five concepts, current and resistance, voltage as a force, voltage and current, diode function 
and transistor function, show a large difference between the DLC and the HDLC groups.  These differences 
can be accounted for by the manner in which the concepts were presented to the students by the teacher 
(shown in Table 6).  For example, a water tap analogy was used to explain transistor function to the DLC 
group, and a computer assignment was given the HDLC group for the same concept. 
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Figure 4. Group percentage differences for Key Concepts for concept mapping task. 

 
Table 6. Teaching strategies used for selected key concepts. 

Concept Teaching Strategy  
 DLC HDLC 
Current as a flow of charge Teacher explained that 1 amp is 

6,240,000,000,000,000,000 e’s per 
second. 
 

Computer research assignment 

Voltage is a force Teacher defined voltage after short 
discussion. 

Teacher extracted definition 
from the students after a lengthy 
discussion and used gravity as an 
analogy to voltage. 
 

Voltage and current Carefully explained; highly 
guided lesson; teacher centred 
discussion. 

Student centred; group discussions; 
some teacher guidance. 

Diode function Teacher explained. 
 

Computer based assignment. 

Transistor function Teacher explained using water 
tap analogy. 

Computer based assignment. 

Teaching strategies in bold type indicate the higher scoring group for that concept.  It can be noted that the 
higher scoring strategies were those that had more teacher input such as explanations using analogies. 

156



 
Knowledge Test results  
Although the Knowledge Test was 10 questions, each question had two parts – answer and reason.  One mark 
was awarded for the correct answer and two marks if supported by a correct reason. 
Descriptive Learning Cycle 
It can be seen from Table 7 and Figure 5 that there is large increase in the Knowledge Test scores as a result 
of the intervention (Effect size of 0.71). 

Table 7. DLC Group statistics for the Knowledge Test. 

DLC Mean n 
Standard 

Deviation 
‘t’ value 

Sig.  
(2 tailed) 

Effect size 
(Eta2) 

Pre-Test 6.32 25 2.72 7.63 0.000 0.71 
Post-Test 13.28  3.37    

 

 
Figure 5. Graph of pre and post intervention DLC Knowledge Test scores. 

Hypothetical-Deductive Learning Cycle 
The HDLC group Knowledge Test results show a similar improvement to the DLC group with an effect size 
of 0.80. 

Table 8. HDLC Group statistics for the Knowledge Test 

HDLC Mean n 
Standard 
Deviation 

‘t’ value 
Sig.  

(2 tailed) 
Effect size 

(Eta2) 
Pre-Test 7.12 26 3.01 10.04 0.000 0.80 
Post-Test 13.15  2.66    

 

 
Figure 6. Graph of pre and post intervention HDLC Knowledge Test scores 

Group comparison for Knowledge Test scores 
Similar to the concept map scores there was a significant improvement in Knowledge Test scores for both the 
DLC and the HDLC groups, but there was no significant difference between the two groups as indicated in 
Table 9. 

Table 9. Group statistics for the Knowledge Test 
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Group 
Mean 

of diff’s 
n 

Standard 
Deviation 

‘t’ value 
Sig.  

(2 tailed) 
Effect size 

(Eta2) 
DLC 6.96 25 4.56 0.85 0.40 0.01 

HDLC 6.04 26 3.07    
 
 
Test of Science Related Attitudes (TOSRA) 
Enjoyment of Science Lessons 

Table 10. Table of results for Enjoyment of Science Lessons for the DLC and HDLC groups 
 DLC  HDLC  
 Pre Post Pre Post 

Mean 39.80 44.0 40.42 46.19 
N 25 25 26 26 

d.f. 24 24 25 25 
S.D. 5.36 6.65 7.27 4.21 

Cronbach’s α 0.95 0.85 0.89 0.90 
‘t’ value 2.85  4.40  

Sig. (2 tail) 0.009  0.000  
Effect Size –(eta2) 0.25  0.45  

Each group showed a statistically significant improvement in the enjoyment of science as a result of the 
intervention.  The post intervention scores of 44 (DLC) and 46 (HDLC) are out of a possible 50 indicated a 
very high level of enjoyment.  There was however no statistically significant difference between the two 
groups as shown in Table 11 

Table 11. Table of group differences for ‘Enjoyment of Science lessons’ 

Group 
Mean 

of diff’s 
n 

Standard 
Deviation 

‘t’ value 
Sig. 

(2 tailed) 
Effect size 

DLC 4.20 25 7.377 -0.795 0.430 0.026 
HDLC 5.77 26 6.689    

 
Lawson’s Classroom Test of Scientific Reasoning (LCTSR) 
The maximum score on this test is 12.  It can be seen from Table 12 that most Year 6 students, based on the 
LCTSR results, are in the transitional category (Score of 5 – 8). 

Table 12.  Level of thinking of Year 6 PEAC students as measured by the LCTSR 
Level of Thinking Score  Students achieving this level 
Empirical-inductive 0 – 4 10 
Transitional 5 - 8 36 
Hypothetical-deductive 9 - 12 4 
 
CONCLUSIONS 
 
Care must be taken in generalizing from the results of this research due to the small number of research 
subjects involved.  Although some of the results indicate a strong trend, and the instruments used appeared to 
be valid and reliable, this research should be considered a case study. 
Research Question 1: 
Research Question 1 asks if a three phase learning cycle is an effective teaching model for PEAC students. 
Based on the results of this research it can be concluded that both the DLC and the HDLC are effective 
teaching models for PEAC students studying basic electronics. 
Research Question 2: 
Research Question 2 asks whether a DLC or a HDLC is the most effective teaching model for PEAC 
students. 
The results indicate there is no statistically significant difference between the two learning cycles.  This 
conclusion however needs to be interpreted in light of the teacher reflections.  The teacher noted that a high 
degree of scaffolding was required with the HDLC students due to their lack of prior knowledge and their 
lack of background in scientific method procedures.  This resulted in the HDLC students receiving almost as 
much teacher support as the DLC students.  This fact basically meant the HDLC was not a truly student 
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centred learning cycle.  Even though the HDLC group did not produce a better result than the DLC group, the 
students did acquire valuable procedural knowledge with respect to inquiry methods. 
Another contributing factor to there being no difference between the two treatments was the student’s 
developmental level.  The result of the LCTSR indicate that few Year 6 PEAC students are at a hypothetical-
deductive reasoning level of development.  Most students are at a transitional level.  Perhaps a HDLC is not 
appropriate for the developmental level of Year 6 PEAC students. 
Research Question 3: 
Does a three phase learning cycle change a PEAC student’s enjoyment of science lessons? 
It is important to keep gifted students highly motivated and engaged.  Creating an enjoyable science lesson is 
a key step in achieving this.  It can be seen from Table 10 that the PEAC students found both types of 
learning cycle highly enjoyable.  Both the DLC and the HDLC groups showed a significant improvement in 
their enjoyment of science lessons as a result of the learning cycles.  The post intervention TOSRA scores 
being 44.0 and 46.2 out of 50 respectively.  From this result it can be concluded that PEAC students found 
learning cycles highly enjoyable. 
Research Question 4: 
Which of the two learning cycles, a DLC or a HDLC, is the most effective in changing a PEAC student’s 
enjoyment of science lessons? 
Although each learning cycle was successful in improving PEAC student’s enjoyment of science lessons 
there was no significant difference between the DLC and the HDLC groups. 
 
CLOSING COMMENT 
 
This study set out to investigate whether a three phase learning, as described by Lawson (1995), was an 
effective teaching model for PEAC students.  It can be concluded that the learning cycle was highly effective 
in improving student understanding and application of difficult electrical concepts.  However the HDLC, 
which is more student centred and inquiry based, did not appear to be significantly better than the DLC.  This 
could be partly due to the scaffolding required in the HDLC for Year 6 students due to their lack of prior 
knowledge of the subject, and partly due to the scientific reasoning level of most PEAC students being 
transitional and not hypothetical-deductive.  The manner in which each concept was taught, such as the use 
of analogies, appears to be an important factor.  Both learning cycles appeared to improve students’ 
enjoyment of science lessons with no significant difference between the two cycles. 
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Abstract: University students’ difficulties in understanding some basic chemical concepts have been an area 
of interest in recent chemistry education research. Students’ difficulty in understanding triplet representation 
of chemistry including macroscopic, microscopic and symbolic, is of significant research interest. The lack 
of availability of chemistry handouts that accommodate this triplet representation is considered as one of the 
reason for student difficulties.  Therefore, providing handouts emphasizing triplet representation in 
chemistry is a crucial point in general chemistry learning. The aim of this research was to develop a general 
chemistry handout in triplet representation that would be expected to help students overcome learning 
difficulties in a general chemistry course. The study was initiated by the identification of the conceptions of 
incoming chemistry students in the class of 2013, and chemistry students in year 1 in the class of 2012 at 
Malang State University. Difficulties uncovered from these students were considered as the primary focus to 
be discussed deeply in the handout. The prototype handout produced was validated by 3 educators 
considered competent with regard to their pedagogic knowledge and to be familiar with the chemistry 
content. Generally, all validators concluded that this handout should be recommended for use as a main 
reference in general chemistry learning. However, a subsequent empiric validation would be needed to 
produce the final handout suitable to be used widely in general chemistry learning.    
   
Keywords: General chemistry, Teaching material, Triplet representation. 
 
 
INTRODUCTION 
 Chemistry students’ mastery of chemical basic concepts obtained in their senior high schools plays a 
big role in their success in general chemistry class in the university. Some university lecturers generally 
assume that the incoming students’ have enough preconceptions to deal with general chemistry topics.  
Therefore the class is conducted without identifying students’ preconception first. In fact, students get many 
difficulties in general chemistry class because the lack of preconceptions needed to support this class. As a 
result, in the next advanced courses such as physical chemistry, inorganic chemistry, analytical chemistry, 
organic chemistry and biochemistry students’ face a big challenge that generally they cannot overcome. 
Carson & Watson (1999) proposed that the mismatch between students’ pre-conceptions and university 
lecturers expectation is one of the possible causes of students’ difficulty in constructing new knowledges. 
Research on incoming chemistry students’ difficulties in fundamental chemistry concepts has been published 
by many researchers across the world. Marais & Mji (2009) reported that chemistry students year 1 in South 
Africa generally harbours insufficient pre-conceptions of the next chemistry learning. Habiddin (2011) found 
that many first year chemistry students’ at State University of Malang struggle with the particulate nature of 
matter concept and naming simple compound.  

Chemistry students’ weaknesses on the prior knowledge for general chemistry class should be 
identified before they go to the class. Wasacz (2010), Weaver (2009) & Berg (1991) emphasized the 
significant role of students’ preconception to the success of their future learning. Furthermore, Wasacz 
(2010) stated that by establishing a framework of where their preconceptions come from and what they are, 
instructors, will have a better understanding of how to address preconceptions when beginning an organic 
chemistry course, or perhaps even before.  

Another significant aspect that sometimes ignored by school and university teachers is identification 
students difficulty after students follow the whole learning process. In some circumstances, the assessment of 
students’ performance so far generally is intended for grading purposes only. Meanwhile, to reflect these 
results for improving the teaching and learning quality of the next classes is rare. In addition, research results 
confirm that one of students’ difficulties in chemistry learning is how to deal with the triplet representation of 
chemical concepts (macroscopic, microscopic and symbolic levels), particularly how to transform one level 
to another.  
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The effort in overcoming students’ difficulties in chemistry should be supported by the availability 
of chemistry handout that accommodate students’ needs. Bennett & Sözbilir (2007) argue that contextual 
based learning can be an initial effort in improving chemistry students understanding in some chemistry 
topics. Research result showed that the lack availability of teaching resources is one of factors that caused 
students in Kenya have low achievements in science (Ndirangu et al., 2003). Therefore, providing handout 
emphasizing in the triplet representation of chemistry is a crucial point in general chemistry learning. 
Therefore, in this study, development of chemistry handout was initiated by the identification of students’ 
difficulties before and after general chemistry learning. Also, in considering the main classic problem of 
students in chemistry learning as proved by the huge research result in this aspect, including chemistry 
students at State University of Malang, this handout is constructed in triplet representation. Kozma and 
Russell in Talanquer (2011) indicated that to understand and to success in chemistry problem solving, 
students have to be able in transforming one level of chemistry concept representation to another.  
 
METHOD 
 

This developmental research is planned to be conducted for two years. The first year purpose is to 
develop chemistry handout with the emphasize of using triplet representation and the second year will be the 
empirical validation of the handout in order to produce the final handout to be used widely in chemistry 
learning in the university level. The first year study involved 25 incoming students who have not followed 
the general chemistry classes and 25 students who have taken a general chemistry class of chemistry 
education program, State University of Malang. This handout is constructed based 4-D model that is adapted 
from Thiagarajan, Semmel & Semmel, including Define, Design, Develop, and Dissemination. For this first 
year, the procedure was ended at the develop stage, while the final stage that is dissemination will be 
conducted in the second year. The procedure of this development in this first year is described below. 
Define 

- Development of an instrument to identify students’ preconception before general chemistry class 
and students’ conception after the class 

- Content validity: Instrument produced was validated by three validators 
Revision of instrument based on feedbacks from all validators 

- Test with the purpose to identify students real difficulties as a consideration in developing the 
handout 

Design 
- Development of handout 

Develop 
- Content validity. The draft obtained from design step is validated by 3 validators 
- Revision, based on validator feedbacks 
- Small group validation. In this step, the handout draft produced is validated in the 

small group of students in chemistry education, state university of Malang. The 
main purpose of this step is to figure out the legibility of this handout as learning 
source.  

- Revision 
- Draft 2 (prototype) that will be validated empirically in the real chemistry learning 

 
RESULT AND DISCUSSION 
 
Preconception of incoming students 

Incomplete understanding phenomena is generally harboured by incoming chemistry students. For 
example, identification of students’ preconception of the nature of the solution was given in two tasks. In the 
first task, student’s were asked to explain the definition of a solution. Almost 95% of students provide the 
expected answer. Meanwhile, in the task 2, when student’s were asked to choose which substances that can 
be categorized as solution from several substances available, student’s showed the mismatch between what 
the definition of the solution and what the examples of solution are.  
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What are the subtances below that can be categorized as a solution? 

a. Seawater (NaCl in water)      e.  brass 

b. Air           f.  lemon juice 

c. Gasoline         g.  tea 

d. Bronze           h.  soft drink 

 
Table 1. The example of question  about solution 

 
 

 
 
 
 
 
 
 
 

 
 
In answering the question of task 2 as displayed in the Figure 1, all students consider seawater, 

lemon juice, tea and soft drink as solutions. Meanwhile, the number of students who understand that air is an 
example of solution as well is only 20%; gasoline is chosen by 10% of students; particularly, bronze and 
brass are chosen by 0% of students.  

This phenomena confirm that many students consider a solution as the dissolve of solids in a liquid 
and the homogenous mixture of liquids. However, the homogenous mixture of gas like air is generally not 
understood clearly by some students. The homogeneous mixture of solids such as bronze and brass in 
particular, is considered as the unfamiliar knowledge by all of student’s. By considering that solution is a 
familiar concept for students, it could be surprising that many students got into difficulty. However, this 
phenomenon confirms that it is often that a concept which is considered an easy or basic concept in teachers’ 
or lecturer’s opinion could be considered as a difficult concept for students. Therefore, overestimation of 
students’ preconception should be avoided by a teacher or a lecturer. Carson & Watson (1999) believed that 
one of the possible cause of an inefective teaching and learning in chemistry is the different between what 
students’ preconceptions expected by lecturer are and what the actual students’ preconceptions are.   

In addition, this finding strengthens the previous research results in this concept. Students in 
secondary school showed many misconceptions in solution concept (Demircioğlu & Çağatay, 2014). Because 
the sample size in their research was small, they recommended to do the same research with the bigger 
sample in order to obtain the more general conclusion. Similar research published that students assumed a 
solution containing undissolved solute is a supersaturated solution; undissolved solute is a component of 
solution (Pinarbaş, Canpolat, Bayrakçeken, & Geban, 2006). 

Actually, the finding in this research can be categorized either as a misconception or as an 
incomplete understanding. In terms of misconception, students believed that a solution should be 
accompanied by the involving of liquid substances. This conclusion is interpreted from the students’ answers 
which ignored air, bronze and brass as the examples of the solution. Furthermore, in terms of incomplete 
understanding, students considered sea water, gasoline, tea as solution examples, but ignoring others solution 
examples. The same result is published by Adadan & Savasci (2012) that students argued that a solution is a 
homogeneous mixture of a solid substance dissolving in a liquid (commonly water). 

These understanding problems are caused by several factors. Firstly, language barrier. In Indonesian 
Language, “Larut” as the basic word of “Larutan (solution)” always associated with the involvement of 
liquid. This using word builds a mindset to the students that “larutan (solution)” always related to liquid, 
even though they state the definition of solution correctly which is a homogeneous mixture of two or more 
substances. Actually, this definition is not limited to the use of liquid only. As a consequence, school and 
university teachers are recommended to make sure that their students understand deeply the meaning of a 
definition of a concept.  

Another example of a language barrier is stated by Gabel (1999), “in English, we are very familiar 
with expressions in which words in common usage have a different meaning from their meaning when 
applied to chemistry. For example, we say, “the coffee is strong,” rather than “the coffee is concentrated,” or 
“the candy melts in your mouth,” rather than “the candy dissolves in your mouth.” In the USA, the word 
“substance” is frequently used as a synonym for matter and it is necessary to say “pure substance” to reduce 
the ambiguity”. Secondly, the examples of solution displayed in chemistry learning in high schools are 
always limited to the involvement of the solution as well as the examples provided in their chemistry books. 
Therefore, school and university teacher should give more comprehensive explanation and example to 
prevent this incomplete understanding. 
The Quality of General Chemistry Handout in Triplet Representation (Prototype Produced) 
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As discussed in the Method session, the handout produced in this study is a prototype which needs 
to be empirically validated in the next step. The quality discussed in this paper is in term of the suitability of 
this handout to be implemented in teaching and learning. The criteria which was used to describe the quality 
of this handout as the teaching material in general chemistry class adopted the criteria recommendeed by 
Candy in Ndirangu et al., (2003). They stated that to determine the suitability of a teaching material, intrinsic 
intellectual and aesthetic quality aspects are highly recommended to be implemented. Intrinsic intellectual 
quality refers to:  
- The ability of the prepared learning materials to model concepts correctly for easier understanding.   
- Adequacy of factual content.  
- Correctness of the factual content. 

Meanwhile, the aesthetic criterion refers to the respondents views on the quality of visual appeal of the 
learning materials. 
By considering these criteria proposed by Candy in Ndirangu et al., (2003) above, the criteria used to 
determine the quality of this handout ia discussed below.  
- Appealing  

This aspect describes how the physical performance of this handout can attract the motivation of 
student’s to read this handout.  All validators stated that this handout has an interesting performance as 
expected. It implies that in their opinions, the physical performances of this handout including colour, 
pictures, and other aspects will attract students to consider as a learning material. However, some 
revision was applied in this aspect based on validators suggestion.  

 
Figure 1. The example revision of physical performance 

 
As provided in figure 1, the validator suggested that the symbolic and microscopic representations 
should be put in together closely. Therefore, students will recognize both representations in the same 
time. It believed will be easier for students to understand the symbolic and microscopic representations 
simultaneously.  

- Scientific concepts 
This aspect describes how accurate the chemical concepts in this handout. The discussion between 
validators and writers in this aspect happened in confirming some unclear explanations in this handout. 
With several revisions, all validators confirm that chemical concepts explained in this handout is 
scientifically accepted. Basically, there was no disagreement between the validators and the authors in 
terms of scientific concepts.  

- Relevance  
This aspect describes how relevant the concepts in this handout to the student’s grade that is chemistry 
students year 1. With some revisions, all validator give a good credit to the relevance of the concepts in 
this handout with the learning needs of chemistry students year 1.  

 

(a) Before revision 
 

(b) After revision 

NO2(g) + NO2(g)  N2O4(g) 
  coklat gelap                   tidak berwarna 

 

Reaksi diatas dapat digambarkan secara mikroskopik berikut ini 

                  
   + 

NO2(g) + NO2(g)  N2O4(g) 
  coklat gelap                   tidak berwarna  

                  
   + 

163



The long discussion between validators and authors in this aspect related to the suitability of some 
concepts to be presented in the teaching material of university students year 1. For example, the 
validator suggested that the mathematical operation on how to arrive at some formulas in chemistry is 
not important to be understood by students year 1. Therefore, he/she suggested to present the formula 
such as   without providing the explanation how they arrive at it. Validator argued that the 

advanced course such as physical chemistry will discuss this formula/equation comprehensively.  
- Support 

This aspect describes the possibility of the concepts in this handout in supporting students to be 
successful in the next advanced courses. All validators agrees that the concepts in this handout expected 
to support students, particularly in physical chemistry class.Validators believed that the concepts 
presented in this handout are sufficient to support students’ success in physical chemistry and other 
advanced courses. For example, how to predict rate laws for elementary reactions which is explained in 
this handout will strongly support students success in chemical kinetic course.  

- Triplet representation 
This aspect describes the advisability of triplet representation of chemistry concepts and how it can 
improve their understanding. Some revision proposed by validators in this aspect, such as the 
adjustment of molecular size, additional explanation to support some pictures, and some verbal 
explanation of some concepts. All in all, all validator believed that this handout will provide a better 
insight for students in understanding chemistry concepts. In addition, the triplet representation depicted 
in this handout considered fit with the concept represented. Therefore, this explanation will overcome 
students’ difficulties in understanding some chemical concepts. For example, Figure 2 will enrich 
students insight on the vapor-pressure lowering (colligative properties of solution). Commonly, without 
this representation students only imagined this concept and it often leads them to make an unscientific 
interpretation. However, this representation will help students to construct their understanding 
scientifically.  

 
Figure 2. Microscopic representation of why when a nonvolatile solute is present, the vapor pressure 

of the solvent is lower than the vapor pressure of the pure solvent, 
 
Bucat and Mocerino (2009) stressed the essential of imagination’s ability in developing visualisation 
abilities. According to Sanger (2000), microscopic models should be provided in learning, however 
students will understand better some conceptual questions. Also, Tan, Goh, Chia, and Treagust (2009) 
underlined that to facilitate students in the understanding of chemical reactions in the experiment of 
qualitative analysis, teachers are advised to design an activity that provides an opportunity for students 
to experience the reaction (at the macroscopic level), explain the relevant reactions with chemical 
equations (at the symbolic level) and use analogy and/or multimedia animations to describe what 
happens in the reactions (at the sub-microscopic level). Therefore, (Guzel & Adadan, 2013) 
recommended the application of multiple representational tasks combined with discussion and 
collaborative activities to aid pre-service chemistry teachers in building their scientific knowledge. 

- Higher Order thinking skills 
This aspect describes how the concepts displayed in this handout can stimulate Higher Order Thinking 
Skills (HOTS) of students. With the availability of triplet representation aspect in many concepts, 
validators predicted that this handout will provide a challenge to the students to explore their HOTS. 
Many researchers emphasize the importance for students’ understanding of the three levels in order to 
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meaningfully understand chemistry. A good understanding in chemistry demands a good ability to cross 
between the boundaries of the triplet representation (Johnstone, 1991; Treagust et al, 2003).  

All in all, all validators confirm that this handout can be used as a main teaching material in general 
chemistry class.  
 
SUGGESTION  
 

This study provided evidence that school and university teacher should be aware students’ 
preconceptions before chemistry class is started. In addition, they should be careful in providing some 
examples in a chemistry learning. Besides, they should be aware of the language barrier in learning   
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COGNITIVE STYLES IN WRITING A SCIENTIFIC ARTICLE  
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Abstract: Through case studies about the environment, students will be actively involved in finding 
the concepts and principles of environmental issues, which are useful in enhancing students' 
understanding of concepts of environmental issues. The ability of students to reveal their findings 
about environmental issues should be developed through scientific literature, one of which is the 
scientific article. Each student has a different thinking style or cognitive style, so the possibilities in 
terms of scientific writing can be different. A cognitive style is shown in individuals receiving, 
processing and organizing information, and presenting the information based on the experiences 
they have had. This study aimed to describe the ability of the students who have a reflective or 
impulsive cognitive style to write a scientific article as the result of case studies on environmental 
issues. To achieve these objectives, the research involved the students of biology education 
UNIROW Tuban class of 2011. The ability to write scientific articles was analyzed descriptively 
and included: title, credit lines, abstract, introduction, methods, results and discussion, conclusions 
and bibliography. To measure the reflective vs impulsive cognitive styles, the study used a MFFT 
(Matching Familiar Figure Test) instrument which was designed and developed by Warli (2010). 
The results showed that the ability of students who have a reflective cognitive style to write 
scientific articles tended to follow the rules, except when they were writing a bibliography. 
Therefore, there was a difference between students who write with a reflective cognitive style and 
students who write with an impulsive cognitive style in terms of their ability to write a scientific 
article as the result of case studies about environmental issues. 
 
Keywords: Cognitive style, Case study, Environmental issues, Impulsive, Reflective. 

 
 

INTRODUCTION 
 Writing a scientific paper is the usual activities of the students in the learning process in 
college. The activity is useful to train students in thinking skills to develop science. The scientific 
paper written by the students is usually done for fulfilling the task of course.The type of scientific 
paper related with the task of course is usually in the form of papers. But along with the 
development of science, students are also required to have skills of writing scientific paper in the 
form of scientific article. The scientific article is a written work which is designed to be loaded in a 
journal or a book, which is a collection of articles writtenby the scientific procedures and follow 
scientific guidelines that have been established (Siahaan, 2012). The demands of the development of 
science to day, it is necessary to empower the ability to write the scientific article for students 
generally and especially students of biology education University PGRI Ronggolawe Tuban class 
of 2011.  

Empowering students in writing scientific articles is done through learning on course of 
conservation and environmental knowledge. This course discusses the various environmental 
problems that occur at this time. So the topic for writing scientific articles can be selected based on 
the environmental issues. For that then designed a lesson on the course of conservation and 
environmental knowledge by applying the case study method.The case study method is a method 
that compares the lecture material to analyze the problems that are happening (Anggraeni, 2012). 
Application of the case study method in the course of conservation and environmental knowledge, 
namely aimed to: 1) train students in analyzing environmental problems; 2)  train students to write a 
report of a case study in the form of scientific article. 
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Another thing to consider in the learning conservation and knowledge of environment that is about 
the cognitive styles. According to Liuand Ginther (1999), cognitive style is a characteristic that is fixed in the 
individual in terms of feel, remember, organize, process, think, and solve problems. According to Froehlich 
(2003), cognitive style is a characteristic that tends to remain in a person's personality. Kaganand Kogan 
(1970) explains that the cognitive style is individual variation in how to feel, remember, think, or as a way to 
distinguish, understand, store, embody, and use information. If the student styles in learning are 
accommodated, it can improve the learning outcomes, thinking skills, academic achievement, and creativity 
(Acharya, 2002). 

Cognitive styles according to Jerome Kagan (1965) covers  impulsive  and  reflective cognitive 
styles. Someone who have a impulsive cognitive style, if some one have a characteristic of quick in 
answering the problem, but lacking / not careful so that the answers tend to be wrong. Whereas someone who 
have a characteristic slow in responding to the problem, but carefully and thoroughly so that the answers tend 
to be true, that some one can be said that the person's reflective  cognitive style  (Warli, 2010). 

Referred to some opinions above, it can be said that the way students understand, utilize the 
information, organize, process, and think in the learning process are different. Therefore, the question arises, 
is there difference in the ability to write a scientific article about the results of case studies about 
environmental issues between students who have reflective cognitive style with impulsive cognitive style? 
The results of this study have the following benefits, namely: 1) to contribute knowledge in 
education, especially about the ability to write a scientific article viewed from reflective and 
impulsive cognitive styles; 2) as consideration for designing learning model that can empower the 
ability to write a scientific article with regard reflective and impulsive cognitive styles. 
 
RESEARCH METHODOLOGY 
 

Type of research used include:1) pre-experimental research with design One-Shot Case Study 
(Sugiono, 2008) that aimed to empower the ability to write scientific articles; 2) explorative research that 
aimed to reveal reflective and impulsive cognitive styles of the student; 3) comparative research that aimed to 
see the difference in a student's ability to write scientific articles between reflective and impulsive cognitive 
styles. Research subject are students of Biology Education class of 2011 that reflective and impulsive 
cognitive styles. 

The instrument used to collect data about students' ability to write a scientific article is the observation 
sheet. While the instrument to measure  the reflective and impulsive cognitive styles, the study used a MFFT 
(Maching Familiar Figures Test) instrument which was designed and  developed by Warli (2010). MFFT 
instruments include 1 standard image and 8 variation images. Through this instrument, the students are asked 
to choose one of eight images of variation which is the same as the standard image. The variables measured 
were the time required by students to answer the first time and the frequency of the student replied to produce 
the correct answer. 

This research was conducted at 33 students of Turban class of 2011  
in learning conservation and environmental knowledge. The  research was conducted in two phases, 
namely the first phase of a study to measure cognitive style and second phase of a study to determine the 
ability to write a scientific article. Data for the first phase of the research was taken in 2014 
(Cintamulya, 2014). Research to see a student's ability to write scientific articles, namely through the 
implementation of cooperative learning with the case study method. Meanwhile, to assess the 
ability of writing scientific articles conducted at the end of the lecture conservation and 
environmental knowledge. 

Research to measure cognitive styles include:1) called the students one by one to complete a 
test of cognitive style through the MFFT instrument, by finding a picture of variation in accordance 
with the standard image; 2) recorded the time spent on the students to answer the first problem; 3) 
recorded the frequency replied to obtainthe correct answer; 4) calculated the amountof time and 
frequency error then divided by the number of items to obtainthe average; 5) determined the 
median of time (t) and the frequency of (f) and then drawn a line parallel to the t and f axis, so that 
will form four groups of students. According Warli (2010) fourth of student groups include:1) a 
group of students that have the characteristics of quick in answering problem and 
carefully/thoroughly so the answerare always right; 2) a groupof students who have the 
characteristics low in responding to problem and carefully/thoroughly so that the answers are 
always right (reflective students); 3) a group of students who have the characteristics prompt in 

168



replying but less accurate/less thorough so thatthe answers are often wrong (impulsive student); 4)a 
group of students who havethe characteristics low in responding to problem and less accurate/less 
thorough so that the answers are often wrong. This study is limited only the student who have a 
reflective and impulsive cognitive styles. 

The steps of a study to determine the ability to write a scientific article are as follows: 1) 
divided the group into ten groups, each group of 3-4 students; 2) choosed about topics of 
environmental problems that occur in Tuban; 3) gave assignments to each group to collect data 
spaciousness, according to their selected topic for this activity were given about three weeks; 4) 
evaluated the results of the case study students through presentations in class as a group; 5) 
explained the writing scientific articles; 6) gave assignments to the students to write scientific 
articles individually, according to the topics presented; 7) evaluated the scientific articles at the end 
of the lecture, used the instruments that have been developed. 

 
 
 
RESULTS AND DISCUSSION 

 
To Measure of cognitive styles, the study  used  MFFT (Matching Familiar Figures Test) instrument 

with the observed variables consists of the time required by students to answer the first time and the 
frequency of students replied to produce the correct answer, a summary of the results are presented in Table 
1.While the results ofthe analysis ofdata onstudents' ability towrite ascientific article can be seen in 
Table 2. 

Table 1. Summary of Results of Measurement of Cognitive Style 
Class 
of 

The 
Numbe

r 
Of 

student 

Time Frequency The 
Number 
Of 
student 
reflectiv
e 

The  
Number 

     Of student 
       impulsive 

Max Min Med Max Min Med 

2011 
A 

33 73,18 5,68 14,7 4,23 1,62 2.69 11 11 

 
Tabel 2. Results  of  Measurement  Students’ Ability  to Write Scientific Articles Enviromental-Related 

Problem  between Reflective and Imfulsive Cognitive Syles. 
 

 COMPONENT STUDENTS’ 
REFLECTIVE 
COGNITIVE STYLE 

STUDENTS’ 
IMPULSIVE 
COGNITIVE STYLE 

 THE WRITING OF THE TITLE   
a. Does the number of words in the 

title meet the criteria set? 
The number of words in 
the title meets the 
criteria set. 

The number of words in 
the title does not meet 
the criteria set. 

b. Is  the title described  briefly to 
essay core  and according its 
prolems? 
 

The title  described briefly 
to assay core and 
according its problems. 

The title is still too wide 
and it  is not according 
with the problem core 

c. Is the title attractive? The title is quite attractive The title is less attractive 
d. Is the title proper, correct, 

logical, thorough, informative/ 
indicative? 

The title is quite 
informative 

The title is less informative 

 WRITING CREDIT LINE   
a.  Does writing line of credit already 

according to the rules? 
Writing line of credital 
ready according to the 
rules 

Writing line of credit 
already according to the 
rules 

 ABSTRACTAND   
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KEYWORDS 
a. Does  the abstract already 

contains components IMRAD? 
(introduction, methods, results 
and discussion)? 

Abstract already 
contains introduction, 
methods,resultsanddiscu
ssion. 

Abstract only consists of 
Introduction and methods. 
 

b. Does the abstract already follow 
the rules that apply in terms of 
length or style of writing as well 
as one unified of ideas? 

Abstract is reflects  one 
unifiedof ideas. 
 

Abstract does not reflect  
one unifiedof ideas. 
 

c. Is abstract informative/ 
indicative? 

Abstract is informative Abstract  is uninformative  

 INTRODUCTION   
a. Is  the introduction contains  

reasonto do research, 
hypothesesandresearch 
purposes? 
 

The introduction is  
contains  reasonto do 
research and research 
purposes 

The introduction is  
contain onlyresearch 
purposes. 
Whereas the reason todo 
research less appropriate 
with the problems 

b. Isthe introduction contains 
formulation of the problem? 

The introductionis ontains 
formulation of the 
problem. 

The introduction is not 
contain formulation of the 
problem. 

c. Is the introduction contains 
description state of the art research? 
 

The introduction is not 
contain description state of 
the art research. 

The introduction is not 
contain description state of 
the art research. 

d. Is the introduction contains the 
thought of writing on issues? 

The introduction is not 
contain the thought of 
writing on issues. 

The introduction is not 
contain the thought of 
writing on issues. 

 MATERIAL AND METHODS   
a. Are the material and method 

used described in detail? 
The material and method  
used  are not described in 
detail

Method is quite clear 

b. Does method describe the way 
and sampling frequency? 

The method does not 
describe the way and the 
frequency of sampling

The method does not 
describe the way and the 
frequency of sampling 

 RESULTS AND DISCUSSION   
a Were the results of study  

presentedin agraphic or image 
(for a lotof data)? 

The results of the study 
are presented using 
images. 

The results of the study 
are presented using 
images 

b. Does  result of writing conducted 
systematically, which starts from 
the main results followed by a 
supporter? 

Writing  research results 
has been systematically.
 

Writing research results 
has not been 
systematically 

c. Is the discussion using clear 
language and the sentence is not 
too long? 

The language usedis 
quiteclear. 
 

The language usedis less 
clear 

d. Is the discussion  directed to the 
hypothesis (to refuse or receive 
hypothesis)? 

Discussion is in 
accordance with the 
problem. 

The discussion was not 
relevant to the problems 

 CONCLUSION OR 
IMPLICATIONS 

  

a. 
 
 
b. 

Does conclusion answer the 
problem? 
Is conclusion based on the facts 
found in the study? 
 

The conclusion answer the 
problem 
 
The conclusion is based on 
the facts found in the study 

The conclusions does 
not answer the problem 
The conclusion is not 
based on the facts found 
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inthe study 
 ACKNOWLEDGMENT   
a. Does the author write 

acknowledgements? 
The author does not 
write acknowledgments 

The author  does  not 
write acknowledgments 

 WRITINGREFERENCES   
a. 
 
 
 

b. 

Do the References contain the 
author's name, year of 
publication, title, source, and 
page? 
How is the layout of the article? 
 

The References contain 
the author's name, year 
of publication, title, 
source, and page. 
Many mistakes in typing 

The References contains 
the author's name,year 
of publication, title, 
source, andpage. 
Many mistakes in typing 

 WRITING TABLE 
a. Is the data presented in the 

table? 
Data is not presented in 
the table 

Data is not presented in 
the table 

 
Based on the summary of the results of measurements of cognitive style in Table1, there are 

two observed variables, namely time and answer frequency. Time shows the duration the student to 
answer first and answer frequency indicates the number of students answered, to obtain the correct 
answer. Based on Table1, the maximum time it takes a student is 73, 18 seconds and the minimum 
time is 5.68 seconds. While answering frequency maximum is 4.23 and the minimum frequency is 
1.62. Median of time and frequency response is used as the limit for classifying students who have 
the characteristics of a reflective and  impulsive cognitive style. Results obtained from grouping 
students’ reflective cognitive style, a total of 11(33.3%) and students whose cognitive style 
reflective, total of 11(33.3%).It shows that the proportion of students who are reflective and impulsive 
cognitive style of larger amount that is 66.6%. While the remaining 33.4% is the number of students who 
have the characteristics of fast and precise / accurate in answering or slower and less precise / less accurate in 
answering. So, the sample met the criteria reflective and impulsive cognitive style totaled 22 students, with 
11 students who are reflective cognitive style and 11 students who imfulsive cognitive style. From several 
previous studies the proportion of reflective and imfulsive children is greater than the group of children 
quickly and carefully and slowly and carefully. Rozencwajg and Corroyer (2005) found the proportion of 
children reflective and impulsive 76.2%, as well as research that has been done Warli (2009) is the 
proportion of the characteristics of reflective-impulsive 73.8%. 

See differences in the ability to write scientific articles between students who reflective and impulsive 
cognitive style, is only carried out on three students to each reflective or impulsive cognitive style. This 
determination is based on the value of the most reflective and impulsive of the individual student. The 
collection of data for students' ability in writing a scientific article, namely using the observation sheet. 
Components to assess the ability to write a scientific article include: 1) the writing of the title; 2) the writing 
of the credit  lines; 3) abstract and keywords; 4) introduction; 5) material and methods; 6) results and 
discussion; 7) conclusions or implications; 8) acknowledgements; 9) bibliography; 10) the writing of the  
table. Furthermore, for each of the components described again. In outlining each component are not fully 
followed the rules for writing scientific articles published in national journals. It is tailored to the level of 
ability of the students who are still in the stage of recognition or exercise in making scientific articles.  

Based on Table 2.Students who reflective cognitive style in the ability to write a scientific article is 
better than the students who are impulsive cognitive style. It is based on a scientific article which written 
student reflective cognitive style has met seven of theninecomponents ofthe criteria of scientific 
article writing.The seventh component includes: 1) the writing of the title; 2) abstract and keywords; 3) 
introduction; 4) materials and methods5) results and discussion; and 7)  bibliography. As for the impulsive 
cognitive style is met only 5 components and only some aspects of each component are met. The fifth 
konponen, namely include: 1) abstract and keywords; 2) introduction; 3) materials and methods; 4) results 
and discussion; and 5)  bibliography. 

Through analysis of these components, showed that students who reflective cognitive style, 
they are more thorough and more careful in writing a scientific article of the student impulsive 
cognitive style. This condition isin line with the psychologists who say that there is a relationship 
between the style ofthe writer compose the cognitive style with personality. Donald Graversan 
American education has to distinguish between the author and the author reactive reflective.This 
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situation as described by Kagan and Kagan (1970) that a person who reflective cognitive style would be very 
cautious in responding to something, consider it carefully and take advantage of all the alternatives. But the 
time it takes to respond to a relatively long but the error is relatively small. 

Cautious stance and consider carefully and take advantage of all alternates if needed in 
writing a scientific article, in order to produce a good article. Based on the results of research, it 
appears that students with reflective cognitive write style better article than impulsive. Besides these 
differences are supported by Brown’s opinion (1980) which states that a person who has reflective 
cognitive style has more use of contemplation and consideration while impulsive cognitive styleis 
is more likely to quickly grind to speculate or gamble. In other words, who has reflective cognitive 
style tends to be more closely observe the performance of the language rather than impulsive 
groups that tend to be careless. Selinker and Jeffrey(1976) found that they who have reflective 
cognitive style, the result is better at doing tasks that require detailed analysis of internal while they 
who impulsive cognitive style better at tasks that require the attention of the outer contour of the 
object and global comparisons. 

Furthermore, Reynolds & Jansen (2007) explain that a person who has reflective cognitive style 
usually takes a long time to respond, but consider all the options available and have a high concentration 
while studying. While the impulsive lack of concentration. So it can be seen that a person who reflective 
cognitive style, will have more concentration and tend to use a lot of information in solving the problem 
rather than an impulsive person. In addition, they are also better able, in giving attention. So, basically the 
difference between reflective and impulsive cognitive style lies in the the tendency to reflect or think about 
alternative solutions to a problem, or a tendency to take impulsive decisions, in the face of problems that are 
very uncertain answer. 

Differences inthe ability to writescientific articles between students is reflective and 
impulsive cognitive style also involves aspects ofthinking. Smalley etal. (2006) explains that 
thewriting skills is an ability to expressan idea or ideas in writing through activities,reading, 
writing, and thinking. So they assume that reading, writing and thinking is an activity that is 
interconnected. Furthermore,  Munandar (2002) asserts that writing is an opportunity that is used 
to express thoughts and feelings. Critical thinking is a cognitive empowerment in achieving the 
objectives (Halpern, 2014). As described by Liu and Ginther (1999) as well as the Kagan and 
Kogan (1970) thatthe way a personin thinking included in the cognitive style that is a variation of 
individuals whose characteristics remain.In other words, there are variations in the way people think. It 
is as indicated by Ningsih (2012) that children are reflective critical thinking skills in solving mathematical 
problems better than the impulsive child. Later research conducted Sulani (2014) in history also showed 
differences in the ability of critical thinking in different cognitive styles. Research results by Suhartono 
(2014) concluded that the ability to think critically positively effect on students' scientific writing skills. In 
other words, critical thinking abilities significantly affect the quality of students' scientific writing skills. 
The higher the critical thinking skills of students, better will be the quality of scientific writing skills. 

Based on the indicators of critical thinking Pauland Elder (2007) student scientific articles 
that reflective cognitive style, has met the clarity indicator for some components. This means that 
students who possess reflective cognitive style have clarity in thinking by providing information 
for several components clearly. Clarity in writing scientific articles are important, it is as stated by 
Tarigan (1986) that the purpose of writing can be achieved if the author can organize his/her 
thoughts and speak them clearly. Clarity indicator is important, for example in the writing of the title. 
Because the title in a scientific work, occupy an important place. As put forward by Rifai (2012) that the title 
should serve as bait to attract people's attention and can be useful as a source of inspiration for advancing 
knowledge through further activities. In other words if the title is created with a clear and compelling it will 
attract people to read it. 

In addition to indicators of clarity, scientific articles student stylish cognitive reflective also 
meets the indicators of critical thinking that others, namely precision (Paul and Elder, 2007). This 
means that a critical thinker is able to provide information with specific, detailed, and also right. 
Thought should also be meticulously organised to do a specific thing 
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CONCLUSION AND SUGGESTION 
 
 The quality of student scientific articles that reflective cognitive style has met several indicators of 
critical thinking namely clarity and precision. Based on this, it can be concluded that students who  reflective 
cognitive style ability of writing scientific articles better than students who are impulsive cognitive style. As 
for further research on  reflective cognitive style and impulsive cognitive style recommended for viewing the 
differences on other aspects such as metacognition, creative thinking, academic achievement, problem 
solving, and understanding of the concept. 
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Abstract: This study aimed to analyses students’ argumentation skill in learning about polymer through life-
cycle analysis and an inquiry-based approach. The study use a qualitative approach and data were derived 
from interviews, observations, and reflective journals. During the research, students engaged in the stories of 
pre-task and post-task, conducted projects, and wrote essays. The data analyzed with regard to socio-
economic, moral, ecology and scientific aspects, based on Toulmin’s argumentation skills analysis (2003). 
The results of the study showed that the students’ argumentation skills on socio-economic and ecological 
aspects through life-cycle analysis were developed during the lessons. Students faced the challenges in 
developing their argumentation skills on moral and scientific aspects. In addition, students engaged in life-
cycle analysis of the use of paper and plastics which developed their awareness of environmental 
sustainability and their creativity in managing waste. In conclusion, the approach used in this study has 
developed students’ argumentation skills, students’ engagement, and students’ awareness of environment 
problems.  
 
Keywords: Chemistry learning, Life-cycle, Students’ argumentation skills 
 
 
INTRODUCTION 

Based on the observation at a senior high school in August to December 2014, the students’ 
argumentation skills were still low. Students’ lack of argumentations skills was due to materials and scores 
centered learning process. Life-cycle analysis and inquiry-based learning approach were applied by Juntunen 
and Aksela (2014) to improve students’ argumentation skills in chemistry lesson. Social and scientific 
aspects of a product used in daily basis were discussed to develop students’ motivation, curiosity, and critical 
thinking. Therefore, a study about life-cycle analysis and inquiry-based learning approach was conducted in 
polymer learning at school. Polymer lesson was the chapter directly related to current issues. It was expected 
to stimulate students’ critical thinking in order to develop students’ argumentation skills and to boost 
students’ motivation in learning chemistry. 

Problem identification of this research was how to apply and use the approach, and how to analyze the 
use of the approach. Scope of the study is the analysis of students’ argumentation skills and the effect of the 
approach to the students’ argumentation skills. The purpose of the study is to analyze students’ 
argumentation skills in polymer learning through life-cycle analysis and inquiry-based learning. 
 
Life-Cycle Analysis 

Life-cycle analysis is a technique to assess environmental impacts associated with all the stages of a 
product's life, materials processing or activities to measure energy flows and different chemicals (Blackburn 
& Payne, 2004). Assessment of resources consumption, emission, and health related impact creates 
opportunity environmental improvement of product’s life-cycle (Anastas & Lankey, 2000). In chemistry 
perspective, life-cycle analysis is a uniting approach that combines green chemistry (Anastas & Lankey, 
2000), sustainable chemistry and engineering, which are categorized as science ethics and moral awareness. 
Learning through project based life-cycle product analysis is a new approach in chemistry learning (Juntunen 
& Aksela 2013). This approach is students-centered, where students choose their own topics that suit their 
interest and ability to master the materials related to their daily life. Investigation based life-cycle analysis 
project related to social and science issues about a product would stimulate students to have higher order 
thinking (Anderson & Krathwol, 2001). 

Thinking in life-cycle frame is a complex interdisciplinary science, contrast and relevant to daily life 
in education perspective (Sadler 2011). Students analyze the life-cycle of a product comprehensively in a 
multidisciplinary course to assess environmental impact of a product, examine the process of the product, and 
materials and energy consumed.  
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Inquiry-Based Learning 

Inquiry-based learning (IBL) is a method to acquire knowledge through inquiry process (Hebrank, 
2000), a teaching technique in which teachers involve students in learning process by posing questions, doing 
problem solving activity and critical thinking. IBL strategy uses constructivist approach, students are treated 
as the learning subject and free to formulate the definitions according to interactions among what they know 
and believe with phenomena, ideas, or information they have just learned. IBL strategy emphasizes discovery 
process and students involvement physically and mentally in the learning process, so exercises through 
scientific process and experiment are required. 
 
Argumentation Skills 

Argument is a statement of claim supported by data and presented to influence someone. Inch (2006) 
stated that argument is a set of statements of claim, supporting ideas offered for it, and effort to influence 
someone in the context of disagreement. Toulmin Model (Toulmin, 2003) was used in this study. This model 
was selected since it was the most comprehensive model to describe three arguments criteria suggested by 
Inch (claim, supporting claim, and effort to influence). Toulmin model of argument in Freeley (2003) noticed 
that good arguments will consists of six parts, they are Data (D), Claim (C), Warrants (W), Qualifiers (Q), 
Rebuttals (R), and Backing (B). 
Toulmin’s diagram of arguments is typically described like this example in Figure 1: 

 
 
 

 
 
 
 
 
 

Figure 1. Complete Model of Argumentation Toulmin 
 
Variability of arguments was considered in terms of socio-economic, ethical, ecological and scientific aspects 
in this study. The four aspects were chosen in arguments due to the most common models of sustainable 
development which are usually considered to consist of economical, ecological, and socio-cultural aspects. 

Tabel 1. Key concepts of the four categories (Liu et al. 2010) used in the content analysis of the data 
Category  Key Concept 
Socio-economic Cost or benefits 
Ethical  Opinions related to values, aesthetics or the future 
Ecological  Effect on ecosystems, eco-friendlier products and lifestyle 
Scientific  Natural resources, technologies, energy, materials 

  
The intervention stage allowed students to practice their argumentation skills related to life-cycle products 
issues. This gave students an opportunity to develop their argumentation skills. 
 
RESEARCH METHODOLOGY 
 
 Qualitative study has been employed in this research. According to Cresswell (2012), qualitative study 
is used to understand humanity or social problems by giving comprehensive and complex description in 
sentences, reporting detail views from informant, and being conducted in natural setting. The purpose of this 
qualitative study is to get comprehensive description of certain topic from the subjects of the study. 
Qualitative study is related to ideas, perceptions, opinions, or beliefs of the subjects of the study and is not 
measured quantitatively. The subjects of the study were 36 students of a senior high school. This study was 
conducted in January to April 2015. 
 The data of the research were collected through documentation, reflective journal, interview, and 
observation. Data clarification and illustration of data collection techniques were included in the table below. 

Table 2. Outline of the Study 
Week Activity  Time  

Rebuttal 

Backing

Warrant

Qualifier, Claim Data 
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At the pre-task, students were asked to have a brainstorming session about global issues. The pre-task story 
was used as the base to measure students’ argumentation skills. After the pre-task was completed, students’ 
project intervention was conducted. Life-cycle of a product was introduced to students through poster and 
video. Then the students could choose a product for their project. Once the intervention was completed, the 
presentation was done by the students. The next step was students had to write essays about their project. 
Post-task was conducted after the intervention was finished. A post-task story was presented to find out the 
development of students’ argumentation skills. In the end, each student submitted their essay based on their 
own project. The essays were used to obtain final result of the students’ argumentation skills. 
 
RESULTS AND DISCUSSION 
 

The group intervention with 36 students resulted in the life-cycle analysis of a plastic lunch box, 
paper, a shampoo bottle, and a pipe. An example of analysis in the form of a poster is presented in Figure 2. 
This poster includes all the main phases of a life-cycle for a plastic lunch box and its recycled product. The 
students’ works included various kinds of information and data which the students proudly presented to their 
teacher and classmates.The arguments presented by the students in pre-task story and post-task story, and the 
essay were analyzed into the four categories. The findings show that all students were able to make 
arguments well. The life-cycle analysis project was shown to have a positive impact on the students’ 
argumentation skills. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 2. Students’ Project 
 

Students’ project was presented in front of their classmates and the essays were written after the presentations 
were done. The analysis of students’ argumentation were shown in Graphic 1 below. 
 

1 Task preparation 15 minutes 

1 Pre-task 20 minutes 
1 Intervention  2 until 5 hours 
2 Post-task 30 minutes 
2 Debate 20 minutes 
2 Essay writing 2 to 3 hours 
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Graphic 1. Student’s Argumentation for Each Aspect 

 
The graphic above shows that the students’ argumentation had been developed. The total of arguments for all 
aspects was increased in each task. Students' thoughts are dominantly on a socio-economic aspect since it 
was close to their daily life. 

 
Graphic 2. Students’ Argumentation Category Based on Toulmin Model 

 
The graphic above shows that students' argumentation skills based on Toulmin are dominantly on claim. 
Students were only able to develop their argumentation according to the standpoint only. 
 
CONCLUSION 
  
According to the analysis of students’ argumentation skills through life-cycle analysis and inquiry based 
approach in polymer learning, it can be concluded that students’ thoughts were dominantly on socio-
economic aspect. They thought that way because the aspect was familiar in their daily life.  Students’ 
argumentation was also dominantly on claim. This pointed out that students were able to develop standpoint 
of the main problem. The analysis shown students’ argumentation skills were developed by using this 
approach. 
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Abstract: Model and learning media is an important component that may affect the achievement of learning 
objectives. Model selection and appropriate learning media can improve student learning outcomes both in 
the cognitive and affective domains. This study was aimed to examine the effect of the learning model Think 
Pair Share (TPS), Student Team Achievement Division (STAD) and Conventional learning model and the 
interaction model and learning media attitude towards reproductive health and student learning outcomes in 
the material reproductive system. The study was conducted at XI MIA grade students  in four Senior High 
Schools in North Jakarta the academic year 2014/2015. Data were collected through the test instrument scale 
reproductive health attitudes and learning outcomes instruments reproductive system. Data were analyzed by 
Two-Way ANOVA and  Tukey Test. The results showed that the use of models and instructional media and 
the interaction between the model and learning media significantly influence the attitude of reproductive 
health and learning outcomes of the reproductive system of high school students with a significance value 
(p<  = 0.01). 
 
Keywords: Animation and Figure, Conventional, Student Team Achievement Division, Think Pair Share. 
 
 
INTRODUCTION 

 
The components in the learning consists of students, teachers, learning objectives, lesson content, media, 
learning models and evaluation (Rashad, 2003). Lufri (2003) says that students generally suffer from 
boredom in learning science, largely due to the didactic factors, including the method of teacher-centered 
teaching. Teachers using conventional learning models in the form of a lecture, assignments, and frequently 
asking questions, so that teachers dominate in learning activities. Freire (1999) giving the term conventional 
learning models as a banking concept of education.  
The role of students in conventional learning is receiving, storing, and perform activities such as listening, 
reading, and notes the information provided by the teacher (Arends, 2011). The use of cooperative learning 
model can be a solution to the learning process of the reproductive system. One is a cooperative learning 
model Think Pair Share (TPS), which was developed by Frank Lyman in 1981. Lyman (1981) describes the 
steps of learning model Think Pair Share, namely: 
a. Teachers deliver teaching materials for students to observe and discuss. 
b. Teachers submit questions to the whole class. 
c. Teachers provide time to student to  think (Think) on the questions given. 
d. Divide the students into pairs (Pair) were randomized to discuss the best answer. 
e. Ask students to share the ideas of the partner (Share). 
f. Invite several students to communicate their ideas in response to the questions posed by the teacher in 

the classical style. 
Other cooperative learning model is Student Teams Achievement Division (STAD), which is the simplest 
model of cooperative learning and suitable for use by the new teacher using cooperative learning. According 
to Slavin (1994), STAD type of cooperative learning model is designed to motivate students through group 
discussions, so that students can help each other in solving problems such as how to address the various 
issues on reproductive health. Step-by-step learning model Student Teams Achievement Division (STAD) is: 
a. Teachers deliver learning materials appropriate basic competencies to be achieved. 
b. Teachers form groups. Each group consisted of 4-5 students with different abilities (high, medium, and 

low). 
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c. Resource materials that have been prepared are to be discussed in the group to achieve basic 
competence. 

d. The teacher facilitates the students in making a summary, directing, and giving emphasis on learning 
materials that have been studied. 

e. Teachers give tests / quizzes for each student individually. 
The learning experience of students as a whole is
obtained through a process of cooperative learning, is expected to improve the quality of learning outcomes 
both in knowledge and attitude. According to Clark (1981), results for students at the school 70% influenced 
by the ability of students and 30% by the environment. Bloom divides the learning objectives as a reference 
of learning outcomes into three domains, namely cognitive, affective and psychomotor (Krathwohl and 
Anderson, 2001). Depth affective/attitude according to Krathwohl illustrated in the following diagram: 
 

 
Figure 1. Taxonomy of Affective 

               
The attitude object in this research is the attitude of reproductive health. Umar et al. (2006) write that the UN 
agency WHO defines reproductive health as a state of well-being physically, mentally and socially associated 
with the system, functions and processes that occur in the reproductive system, for example, the process of 
embryonic development, the formation of sex cells etc. Study of cognitive abilities in the revised Bloom 
taknonomy has been illustrated in the following diagram: 
 

 
Figure 2. Diagram of the Cognitive Taxonomy 

 
 The quality of learning outcomes can also be enhanced by the use of appropriate learning media. Ali (2009) 

wrote that the function of media in learning are: 1) Increase the stimulation of learners in the learning 
process; 2) Increase the motivation to learn; 3) Clarify the presentation of messages and information so as to 
reduce misunderstanding. Thomas and Israel (2013) says that the media animations in learning is a device 
that has audio and visual presentations to convey knowledge effectively, in which there is a program or 
instructions that will be delivered. Media involves visual and auditory learners so as to increase the ability of 
learners to remember and understand the concept. Nopitasari (2012) defines the concept of media is a picture 
of a simple visual media that can be used as a means to convey information in the learning process.  
Benefits of research  

The benefits of this research are: 
1. For Teachers: 

a. Resources in the use of learning models fit for the reproductive system. 
b. Resources in the use of learning media appropriate for the material reproductive system. 

2. For Students: 
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a. Provides a complete knowledge about the material reproductive system so as to improve learning 
results. 

b. Instill a positive attitude towards reproductive health. 
c. Train the ability of learners to communicate knowledge gained through sharing with classmates. 

3. For School as Institution: 
a. Provide input to the development potential of teachers in making the variation models and 

instructional media. 
b. Provide input to develop a curriculum program in improving the quality of student learning 

outcomes, both on the cognitive and affective. 
4. For researchers: 

Become a revenue source and reference materials to conduct further research in education. 
 
METHODS AND RESEARCH DESIGN 
  
The method used in this study is Quasi 
Experiment. The design of factorial design in this study is 3 x 2 illustrated in Table 1: 
 
Table 1: Design of Factorial Design 3 x 2 Influence Model and the Learning Media 
  The attitude of Reproductive Health and Reproductive Systems Learning Outcomes High School Students 

Learning Medias 

Learning Models 

Think Pair Share 
(TPS) 

Student Team 
Achievement Division 

(STAD) 
Conventional  

A1 A2 A3 
Animation Media (B1) A1B1 A2B1 A3B1 
Figure Media (B2) A1B2 A2B2 A3B2 
 
The treatments were: 
1. The model of cooperative learning Think Pair Share and Media Animation (A1B1). 
2. The model of cooperative learning Student Team Achievement Division and media Animation (A2B1). 
3. Conventional learning model and media Animation (A3B1). 
4. The model of cooperative learning Think Pair Share and media Images (A1B2). 
5. Cooperative Learning Model Student Team Achievement Division and media Images (A2B2). 
6. Conventional learning model and media Images (A3B2). 
 
 
Operational objectives of this study are as follows: 
1. To examine the effect of the use of cooperative learning model Think Pair Share (TPS), Student Team 

Achievement Division (STAD) and Conventional learning model on the material of the reproductive 
system and reproductive health attitudes of high school students learning outcomes. 

2. To test the effect of the use of learning model attitude towards reproductive health and learning 
outcomes of the reproductive system materials of high school students in the group of animation media 
and media images. 

3. To examine the interaction between the use of models and learning media on the matter to the 
reproductive system and reproductive health attitudes of high school students learning outcomes. 
 

Place and Time Research 
Where research is SMA Negeri 18, 40, 45, 72, 80, and 83 in North Jakarta. The study was conducted from 
April to May 2015 in class XI MIA second semester in the academic year 2014/2015. 
 
Population 
The population in this study were all students of class XI MIA in the school year 2014/2015 in schools where 
research is SMA Negeri 83 (615 students), SMAN 18 (743 students), SMAN 40 (758 students), SMAN 72 
(767 students ), SMAN 80 (798 students) and SMA 45 (843 students). 

 
Sampling technique 
Purposive sampling technique has been employed to select the school to conduct the research in North 
Jakarta. Cluster random sampling has been employed to determine the class by calculating the variance of the 
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entire class XI MIA in schools where the research is based on the value of UN IPA SMP. Simple Random 
Sampling has been used to determine the number of samples of homogeneous classes using Yamane formula 
and calculation results obtained figures were minimal sample of 98. In this study, using a sample of 180 
students. 
 
Research hypothesis 
1. There is influence of the use of cooperative learning model Think Pair Share (TPS), Student Team 

Achievement Division (STAD) and Conventional learning model on the material of the reproductive 
system and reproductive health attitudes of high school students learning outcomes. 

2. There is influence of the use of instructional media and Pictures Animations attitude towards 
reproductive health and learning outcomes of the reproductive system of high school students. 

3. There is an interaction between the use of models and learning media on the matter to the reproductive 
system and reproductive health attitudes of high school students’ learning outcomes. 
 

Statistical Hypotheses 
1. The hypothesis of the influence of cooperative learning model Think Pair Share (TPS), Student Team 

Achievement Division (STAD) and Conventional learning model attitude towards reproductive health 
and student learning outcomes. 

       Ho: µA1 = µA2 = µA3 
       H1: On average, these are not the same. 
2. Hypotheses about the influence of media and media Pictures Animations attitude towards reproductive 

health and student learning outcomes. 
       Ho : µB1 = µB2 
       H1 : µB1> µB2 

3. Hypotheses on the interaction between models with learning media attitude towards reproductive health, 
and student learning outcomes. 
Ho : Interaction A x B = 0  
H1 : interaction A x B > 0 

 
Information: 
µA1: Cooperative learning model Think pair Share 
µA2: Cooperative learning model Student  
        Team Achievement Division 
µA3: Conventional learning model 
µB1: Animation media  
µB2: Image media  
    A: Learning Model 
    B: Learning Media 

 
RESULTS AND DISCUSSION 
 
Research result 
Variance test results on the 19 class XI MIA at the school where the study, the obtained 6 classes who have 
the same variance as a research site. Determination of the experimental class and control class has been done 
by a draw, so the data obtained treatment classes as follows: 
1) Experiment 1: cooperative learning model Think Pair Share / TPS and media animations in class XI 

MIA 3  Senior High School 80 (A1B1). 
2) 2) Experiment 2: cooperative learning model Student Team Achievement Division / STAD and media 

animations in class XI MIA 1 Senior High School 45 (A1B2). 
3) Experiment 3: Conventional learning model and animation media in class XI Senior High School 83 

MIA 2 (A3B1). 
4) Experiment 4: cooperative learning model Think Pair Share / TPS and media Fig 3 MIA in class XI 

Senior High School 72 (A2B1). 
5) Experiment 5: cooperative learning model Student Team Achievement Division / STAD and Media 

Images in class XI MIA 1 in Senior High School 72 (A2B2). 
6) Control: Conventional learning model and media in class XI MIA Senior High School 45 (A3B2). 
 
Description of Data Normality Test Results 
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Normality test data in this study carried out on six groups of data treatment classes. Tests using real level  = 
0.01. Summary of calculation results are shown in Tables 2 and 3 below: 
 

Table 2. Distribution of Population Data Normality Test Research on Reproductive Health Attitudes 
 

Test of Normality  

Variable 
Group Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic db Sig. 
ATTITUDE OF 
REPRODUCTIVE 
HEALTH 

 

A1B1 .070 30 .200* .989 30 .985
A1B2 .084 30 .200* .979 30 .799
A2B1 .072 30 .200* .986 30 .953
A2B2 .091 30 .200* .975 30 .694
A3B1 .081 30 .200* .975 30 .673
A3B2 .076 30 .200* .984 30 .914

a. Kolomogorov-Smirnov Significance Correction 
*. This is a lower bound of the true significance. 

 
Table 3. Results Normality Test Data Population Distribution Systems Research on Learning 

              Outcomes Reproductive System 
      

Test of Normality 

Variable 
Group Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
LEARNING  
OUTCOMES 
REPRODUCTIVE 
SYSTEM 
           
 

 

A1B1 .129 30 .200* .950 30 .171 
A1B2 .144 30 .116 .952 30 .190 
A2B1 .129 30 .200* .954 30 .211 
A2B2 .125 30 .200* .957 30 .253 
A3B1 .125 30 .200* .956 30 .250 
A3B2 .153 30 .071 .952 30 .189 

a. Kolomogorov-Smirnov Significance Correction 
*. This is a lower bound of the true significance. 

 
Based on Table 2 and 3, all of the data group research on reproductive health attitudes learning outcomes 
reproductive system has a significance value (p) < = 0.01. The conclusion is all the data group derived from 
normal distributed population. 
Data Description of Test Results Homogeneity 
Homogeneity test results using Bartlett's test figures obtained 0.059 while 2t at significance level  = 0.01. 
This figure shows that the value 2o = 0.950 for reproductive health attitudes and 2o = 0.342 for the 
learning outcomes is smaller than the value 2t = 11.1, which means that the null hypothesis is accepted, the 
population variance is homogeneous. The calculation results can be seen in Table 4 below:

 
Table 4. Summary of Test Results Homogeneity 

Data S2
gab B 2

o 2
t Conclusion 

Attitudes Reproductive Health 51,450 297,780 0,950 11,1 Homogen 
Learning Outcomes Reproductive System 15,366 206,461 0,342 11,1 Homogen 
 

Research Hypothesis Testing Research 
Hypothesis testing using two-way ANOVA, if there is no interaction then followed by Tukey test. The values 
required for Two-Way ANOVA calculation is as follows: 

 
The influence of the interaction between the model and learning media attitude towards reproductive health 
of students, can be seen in Figure 3, which shows that there are significant interaction model and the use of 
learning media attitude regards reproductive health of students. The influence of this interaction can be seen 
from the average value of reproductive health attitudes of different students in every 
interaction between models and different media.  
Table 5. Effect Model and Learning Media Attitude towards Reproductive Health 
  Reproduction
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Source of 
Variance 

Type III Sum of  
Squares 

           df 
Mean of 
Squares F Sig. 

Corrected Model 6769.907a 5 1353.981 88.117 .000 

Intercept 1025032.040 1 1025032.040 66708.873 .000 

Model 2364.802 2 1182.401 76.950 .000 

Media 3533.279 1 3533.279 229.945 .000 

Model * Media 871.826 2 435.913 28.369 .000 

Error 2673.641 174 15.366   
Total 1034475.589 180    
Corrected Total 9443.548 179    
 

Table 6. Effect Model and Media Learning on Learning Outcomes Reproductive System 
 
Source of Variance Type III Sum 

of  Squares 
 Df 

Mean of 
Squares F Sig. 

Corrected Model 9522.317a 5 1904.463 37.016 .000 

Intercept 4963068.450 1 4963068.450 96464.634 .000 

Model 4022.533 2 2011.267 39.092 .000 

Media 4080.272 1 4080.272 79.306 .000 

Model * Media 1419.511 2 709.756 13.795 .000 

Error 8952.233 174 51.450   
Total 4981543.000 180    
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In Table 6 is known that both capital and  learning media provided significant influence on student learning 
outcomes for significance value (p) < = 0.01. Interaction usage models and learning media also showed a 
significant effect on learning outcomes, because the value of significance (p) < = 0.01. 
The influence of the interaction between the model and learning media to the learning outcomes of students 
of the reproductive system, can be seen in Figure 4 that shows there are significant interaction and learning 
media usage models to student learning outcomes in the reproductive system materials. The influence of this 
interaction can be seen from the average value of student learning outcomes different at every interaction 
between models and different media. 
 

 
 

Advanced test A further test is necessary if the hypothesis testing interraction obtained significant interaction 
effect. Results of Two-Way ANOVA calculation on the research data shows the influence of a significant 
interaction between the model and learning media attitude towards reproductive health and student learning 
outcomes. Further tests used in this study is the Tukey HSD test or test of Significant Difference (HSD) or 
Honestly Significance Difference (HSD). Tukey test was used to compare all couples treatment mean after 
the test analysis Variety done. This test is also performed for the analysis of a sample group of data 
comparison with the same number. Number of samples of each treatment group in this study was 30. The 
results of Tukey HSD test using SPSS Ver.18 Reproductive Health Attitudes on Media Animation and Media 
Figure, can be seen in Table 7, while the Tukey test for Student Results have been given in Table 8. 
Tukey HSD test results by using SPSS Ver.18 Reproductive Health Attitudes Students on Media Animation 
and Media Figure, can be seen in Table 7 and 8 the following:

Table 7. Tukey test average value of Reproductive Health Attitudes 
Group Subset for alpha = 0.01 

Value Notation 
A3B2 151.43 a 
A2B2 164.60 b 
A3B1 167.33 b 
A1B2 167.83 b 
A2B1 170.07 bc 
A1B1 175.03 c 

 
In Table 7 show that in general there is a difference in the effect of treatment group on reproductive health 
attitudes, but there is a significantly different because the value of significance (p) <α = 0.01, some are not 

Figure 4. Effect of Interaction between Model and Learning Media the Student 

l
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significantly different because the value of significance (p)> α = 0.01. Differences in each group can be seen 
from the harmonic mean (Table 8) were produced, each of the treatment groups in the column to a subset of 
the same or different. If any subset of the same column, then between the treatment groups were not 
significantly different, whereas if it is in a different subset of the columns between the treatment groups were 
significantly different. 
The test results showed that the treatment group there were in the same column and existing subset that is on 
a different subset of columns. A3B2 treatment group (conventional learning models and media Images) exist 
in a subset column. This shows that the A3B2 treatment group was significantly different from the treatment 
group A2B2, A3B1, A1B2, A2B1 and A1B1. The treatment group A2B2 (learning model Student Team 
Achievement Division and media Figure), A3B1 (learning model Conventional and media Animation), A1B2 
(learning model Think Pair Share and media Images) and A2B1 (learning model Student Team Achievement 
Division and media Animation) No in a subset column b. This means that the treatment groups were not 
significantly different treatment. A2B1 treatment groups (study model Student Team Achievement Division 
and media Animation) and A1B1 (learning model Think Pair Share and media Animation) in the column 
subset c. This means that between the two treatment groups were not significantly different, but significantly 
different from the other treatment groups existing in the subset columns a and b. 
 

Table 8. Average Tukey Test Learning Outcomes Reproductive System 
Group Subset for alpha = 0.01 

Value Notation 
A3B2 64.7627 a 
A1B2 72.0647 b 
A3B1 75.9520 c 
A2B2 76.2693 c 
A2B1 78.9667 c 
A1B1 84.7610 d 

 
The table shows results similar to Table 7, the effect of treatment group differences in learning outcomes of 
the reproductive system. There is a significantly different because the value of significance (p) <α = 0.01, and 
there were not significant because the value of significance (p)> α = 0.01. Differences in each group can be 
viewed from the harmonic mean values in Table 8. 
The test results showed that the treatment group A3B2 (Conventional learning models and media Figure) are 
at a subset column. This shows that the A3B2 treatment group was significantly different from the other 
treatment groups. Likewise, the treatment group A1B2 (learning model Think Pair Share and media Images) 
situated in a subset column b, showed that the treatment group is significantly different from the other 
treatment groups. A1B1 treatment group (learning model Think Pair Share and media animations) are in the 
subset column d, it also showed that the treatment group is significantly different from the other treatment 
groups. 
Different results shown by the treatment group A3B1 (conventional learning models and media Animation), 
A2B2 (learning model Student Team Achievement Division and media Images) and A2B1 (learning model 
Student Team Achievement Division and media Animation), three are in column subset of the same, namely 
a subset column c. This shows that the three treatment groups were not significantly different. 
 
Discussion 
Based on the results of ANOVA calculations are presented in Tables 5 and 6, then the following will describe 
each of these hypotheses: 
 
First hypothesis: 
The first hypothesis states that Ho accepted and H1 is rejected if there are differences in average on attitudes 
reproductive health and learning outcomes of students between classes using cooperative learning model 
Think Pair Share (TPS), Student Team Achievement Division (STAD) and learning model Conventional. Ho 
refused and H1 accepted if there are differences in the average on reproductive health attitudes and student 
learning outcomes between these classes. 
In Table 5 and 6 show the effect of using learning model are significant to reproductive health attitudes and 
student learning outcomes. This shows that Ho refused and H1 accepted. The results of the statistical data in 
Tables 7 and 8 both on reproductive health attitudes and student learning outcomes showed that of the six 
classes with different learning models, the best results on the use of cooperative learning model Think Pair 
Share (TPS). 
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The results of this study are consistent with results of previous relevant studies, such as research Surayya et 
al. (2014), Muraya and Kimamo (2011) as well as Boleng and Corebima (2014). The conclusion from the 
findings obtained indicates that cooperative learning model Think Pair Share (TPS) is better than the other 
learning models. 
This research can prove that the average value of reproductive health attitudes and student learning outcomes 
in the reproductive system of the material in the class using cooperative learning model Think Pair Share 
(TPS) is higher than the grade that use other learning models. Another learning models referred in this study 
are a cooperative learning model Student Team Achievement Division (STAD) and Conventional learning 
model.  
Implementation of learning using cooperative learning model Think Pair Share (TPS) can be successful if 
there is cooperation between student and teacher is always active as a facilitator that provides ease in 
learning. Teacher as a facilitator also must prepare learning strategy has always centered on students (Student 
Centered) and in accordance with the needs of students. Equipped schools and learning resources needed by 
students to help understand the material being studied is a factor of no less importance. 
All these supporting components can be met in this study so that the implementation of learning cooperative 
learning model Think Pair Share (TPS) can be managed in accordance learning objectives planned. The 
learning process using this model can facilitate learners to more easily find and understand the difficult 
concepts that they can discuss with other students. Students tend to be more active in questioning and vetting 
of teachers and other learning resources. Learning patterns like this tend to have learning achievement is 
higher, it can be demonstrated in this study that the use of learning model Think Pair Share (TPS) can 
improve student learning outcomes both in the cognitive and affective. 
According to Arends (2011), the cooperative learning model Think Pair Share (TPS) is able to activate all 
students during the learning process and provide an opportunity to work together among students who have 
heterogeneous capabilities. In accordance with the stages ie Thinking, Pairing and sharing learning model is 
effective for classroom discussion because the procedure can be used to give students more time to think, 
respond to, and help each other. 
Learning patterns of this discussion will deepen the meaning of the answers that have been thinking through 
intersubjective partner. Intersubjective discussion results in each pair then communicated with a partner to 
the entire class, so in this activity happens frequently asked questions that drive the knowledge 
pengontruksian integrative manner. Learners can find the structure of the knowledge they have acquired 
(Suprijono, 2009). It can be seen from the average value of the attitude of reproductive health in the class 
using cooperative learning model Think Pair Share obtain the average value of 169.82 and learning outcomes 
of students scored an average 78.41. The average value is higher than the class that uses cooperative learning 
model STAD whose grades average 168.95 for reproductive health attitudes and 77.62 for student learning 
outcomes. Likewise, when compared with conventional learning model which scored an average 159.58 for 
reproductive health attitudes and 70.36 for student learning outcomes. 
The advantages of cooperative learning model Think Pair Share (TPS) more is contained pairing stage, where 
at this stage students will pair up to discuss what they think. When students discuss in pairs and then there 
will be face-to-face interaction. According to Sanjaya (2009), face interaction in cooperative learning will 
provide an opportunity for each member of the group for sharing information and mutual membelajarkan. 
This will cause the students co-exist to exchange information. More Sanjaya (2009) suggested that the 
collaboration between students will provide several advantages for students, among other things: 1) to learn 
independently; 2) to develop the ability to express an idea or ideas; 3) Helping students to respond to others; 
4) Empower students to take more responsibility in learning; and 5) Improving academic achievement as well 
as social skills. According to Joyce et al. (2011), interaction and collaboration in the learning process will 
give a very positive effect in a short time, both in terms of academic learning or skill aspect. 
Unlike the case with cooperative learning model Student Team Achievement Division (STAD), although the 
pattern of discussion but no demands students to communicate the results of the discussion in the classical 
style. This has an impact on the students became less motivated to master a subject matter, because of the 
knowledge acquired only for the strengthening of the material itself only and are not to be delivered to 
another person. The other drawback during the learning process, the class that uses cooperative learning 
model Student Team Achievement Division (STAD) when the learning took place students in heterogeneous 
groups, each group consisting of 4 students. When students learn in a heterogeneous group, there is an 
advantage that students can help each other who are having difficulty. 
Its realization is when a cooperative learning model Student Team Achievement Division (STAD) is in 
progress, there are still some students who do not want to participate in the group. In this regard, Lie (2005) 
states that in a group of four or five a weakness is the lack of individual contributions and students easily 
escape from the engagement and do not pay attention. This was evidenced in the learning process, when 
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students study and discuss in the group, of four members of the group, only 2 are active. It can result in, two 
other members who did not have the benefit of their learning in the group. 
In the class using cooperative learning model Think Pair Share (TPS), when learning took place, all of the 
students either individually or in pairs work more optimally. At this stage of think (think individual), 
individual students to look for answers to questions of teachers, so that all students in the current class. Next 
on stage pair (pairs), students pair up with her to discuss the previous answers obtained individually. Through 
discussion in pairs, students can also get more leverage in participating in the group. 
This is in accordance with the opinion of Lie (2005), which states that the cooperative learning model Think 
Pair Share (TPS) has its advantages, among others, can increase student participation, student interaction 
easier, and students the opportunity to contribute more. In the group of cooperative Think Pair Share (TPS), 
as long as the learning progresses, the activity of each student more leverage when compared with the group 
of cooperative Student Team Achievement Division (STAD). Students participate more leverage, carry out 
the task in earnest, and the learning process also takes place quietly, no students crowded themselves. 
The same opinion was also delivered by Suprijono (2009) states through a phase think (think individual), can 
avoid chattering students as each student has their respective duties. In contrast to the cooperative learning 
model Student Team Achievement Division (STAD), where each group consisted of 4 students, when 
students learn in small groups, some students still participate less and crowded own. Even sometimes in one 
group only one or two people who are active, while the other members engrossed talking about things beyond 
the learning topic. 
Significant differences occur in the classroom using conventional teaching model, where students have the 
opportunity to collaborate with other students. It is less improve social skills. passive students currently 
learning activities for students are not organized in study groups. Students can not discuss, exchange views, 
share ideas, ideas and knowledge so that students become less in understanding the subject matter. Such 
conditions, can affect student learning outcomes. 
This is in accordance with the opinion of Joyce et al., (2011) which says that the absence of a task group 
would reduce the effectiveness of student learning. Students who learn in a cooperative model such 
discussions patterns can increase positive feelings toward themselves and others. Interaction between 
students lead their social support and improve cognitive abilities. Students who learn individually if you have 
trouble, can not share with their friends, it allows students to individualistic and have an impact on the lack of 
understanding of the material taught and poor social skills of students.  
The description indicates that the monotonous learning model can affect student interest in learning, so 
understanding the material and even less understanding of the problems and adversely affects the overall 
learning outcomes of both the cognitive and affective. 
 
Second Hypothesis:  
The second hypothesis states that Ho accepted and H1 is rejected if there are differences in average on 
reproductive health attitudes and learning outcomes of students between classes using animation media with 
media images. Ho has been rejected and H1 has been accepted if there are differences in the average on 
reproductive health attitudes and student learning outcomes between these classes, where the use of 
animation media showed better results than the media image. 
Based on Tables 5 and 6 indicate that there is significant influence on the use of animation media and media 
images on reproductive health attitudes and student learning outcomes. This means that Ho refused and H1 
accepted. Based on the results of statistical calculations on reproductive health attitudes and student learning 
outcomes showed that of the six classes with different learning media, the best result in the use of animation 
media. It can be seen from the average value of reproductive health attitudes in the class using animation 
media is 170.81 while the class that uses the media picture of the average value was 161.29 attitude 
reproductive health. Likewise, the value of student learning outcomes in the classroom using the media 
Animation obtain the average value of 79.89, while in the classroom using the media Figure obtaining the 
average value of 71.00. The results of this study are consistent with results of previous studies that 
Satyaprakasha and Sudhanshu (2014), Ke et al. (2006), Soika et al. (2010) and Perry (2013) generally 
conclude that the use of animation media in the learning process can improve student learning outcomes. 
Animation media usage in the experimental class can help teachers explain the material and help students in 
understanding the subject matter. Media presentation animations enables students to observe the stages of a 
process that is abstract, as if dealing with the actual object. 
The use of media animations help students understand the materials on the human reproductive system such 
abstract gametogenesis process, the process of menstruation, the process of embryonic development and 
others for presenting the material using a moving image with colored text. The animations look nice touch so 
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as to clarify the students' understanding and increase student interest in learning, so that the learning 
outcomes increases. 
Ke et al. (2006) argues that the use of animation media can increase retention (memory) and enhance 
students' understanding of the subject matter. Students can understand the concepts are learned and can apply 
real positive things learned in everyday life. 
Increased memory after learning with animations media proved by obtaining the average value of better 
learning outcomes is 79.89 compared with students in the class are learning to use the media Figure 71.00. A 
good understanding of the concept of reproductive system can be proved also by the acquisition of the 
average attitude score higher on the students in the class using animation media is 170.81 compared to 
students in the class that uses the media image that is 161.29. 
 
Third Hypothesis:  
The third hypothesis states that Ho is accepted and H1 is rejected if there is no interaction effect between the 
use of models and learning media attitude towards reproductive health and student learning outcomes. Ho 
refused and H1 accepted if there is an interaction effect between the use of models and learning media 
attitude towards reproductive health and student learning outcomes. 
Results of the two-way ANOVA test revealed that the interaction between the model and learning media 
significantly influence the attitude of reproductive health and student learning outcomes in the reproductive 
system materials. The interaction between the model and the media the details of this study can be seen from 
Tukey test results presented in Tables 7 and 8. 
The test results showed A1B1 treatment group (learning model Think Pair Share and media animations) with 
A2B1 (learning model Student Team Achievement Division), did not differ significantly, but have significant 
differences with the other treatment groups. Both the learning model including cooperative learning model, 
both have their advantages, among others, can increase the activity of students in the learning process, which 
is expected to increase the motivation to learn and can ultimately improve learning outcomes both in the 
affective and cognitive. 
This data proves that the cooperative learning model that diinteraksikan with animation media, can improve 
student learning outcomes both at the affective and cognitive. As already explained earlier that the 
cooperative learning model have had the ability to increase the interest and participation of students in the 
learning process, so that if diinteraksikan with animation media which is also a medium of learning 
interesting and increase the interest of students, it can enhance students' understanding and ultimately 
improve better student learning outcomes in the cognitive and affective, in this study proved to be able to 
increase the value of reproductive health attitudes and student learning outcomes in the reproductive system 
materials. 
The results are consistent with the opinion of Jones and Jones (2008) in a research journal which said that the 
cooperation between students in the learning process is the most effective way to maximize the potential of 
students, increase understanding and desire to help others. This means that the implementation of cooperative 
learning model can be useful in two things: the academic benefits of social and emotional benefits of 
students, which is expected through the implementation of cooperative learning model is an increase in 
cognitive and affective abilities of students. 
Cooperative learning model Think Pair Share as said Lyman (1981) gives the students time to think, respond, 
share and help each other each other, so the students can maximize their potential and can be trained to solve 
problems that given by the teacher. The learning model Student Team Achievement Division (Slavin, 1994) 
also apply the pattern of interactions between students via discussion. Learning patterns like this will further 
enhance students' motivation to explore the concept being studied, so as to increase also the mastery of the 
concept. 
Based on these descriptions prove that cooperative learning model (TPS, and STAD) better and positive 
effect on the value of reproductive health attitudes compared to conventional learning models. More 
prominent a cooperative learning model compared to conventional learning models show that in the process 
of student-centered learning (Student Centered) allows students to be able to further explore the potential 
optimally. 
A3B2 treatment group (conventional learning models and media Images) differ significantly from the other 
treatment groups. The difference shows that the average value of these treatment groups both in the attitude 
of reproductive health as well as on learning outcomes for the reproductive system have the lowest score. 
This happens because the learning models used do not give students the opportunity to explore the potential 
of the widest. Students sat quietly listening and heard the material presented by the teacher, without trying to 
seek and find themselves solving problems faced. The learning model like this tends to make the students 
bored, boredom may affect the students' motivation to dig deeper into the concept being studied, allowing the 
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occurrence of the failure in achieving the learning objectives. The use of media images as a tool for 
delivering the material to the students is also an option that is not right, because the material reproductive 
system, many things that come into direct contact with the life of a teenager, but because the presentation is 
less attractive, it can lead to saturation even antipathy with the material being taught teachers. This condition 
causes the student's ability both on the affective and cognitive not optimally tapped. 
Interactions other treatment groups showed no significant difference. This shows that although the learning 
model used can motivate students to interact actively in the learning process, so as to improve learning 
results, but if diinteraksikan with media that is not right then it will still be too good to student learning 
outcomes. Likewise with interesting learning media, if diinteraksikan learning model that can not motivate 
students to learn, in the end can not give a positive impact on student learning outcomes. Based on these 
results it is clear that the media animation will have a significant impact both on the attitude of reproductive 
health and student learning outcomes if diinteraksikan with appropriate learning models that cooperative 
learning model. 
 
COVER 
CONCLUSION 
Based on the analysis and discussion of the research, it can be concluded that: 
1. The use of cooperative learning model Think Pair Share (TPS) and Student Teams Achievement 

Division (STAD), as well as conventional learning model showed a significant difference to the attitude 
of reproductive health and learning outcomes of the reproductive system of high school students. 

2. The use of instructional media Animation and Image shows a significant difference to the attitude of 
reproductive health and learning outcomes of the reproductive system of high school students. 

3. There is interaction model and the use of learning media attitude towards reproductive health and 
learning outcomes of the reproductive system of high school students. 

4. To improve reproductive health attitudes and learning outcomes of the reproductive system, then use a 
learning model with regard to the use of instructional media can be considered. 

 
Suggestions 
Research is one way to improve the quality of education. Based on the findings in this study, the researchers 
tried to give suggestions as follows: 
1. A teacher should always seek to improve their competence in the learning process, both pedagogical and 

professional competence. 
2. This study only analyzed the effect of three types of learning models that Think Pair Share (TPS), the 

learning model Student Team Achievement Division (STAD) and Conventional learning model as well 
as two types of instructional media and the media ie Animation Picture attitude towards reproductive 
health and student learning outcomes , which is an assessment of the affective domain, as well as the 
learning outcomes of students, which is an assessment of the cognitive domain. This research can be 
used as a basis for further research is to analyze the effect of different media models and psychomotor 
domains of learning to students. 

3. This study only analyzed the influence of the model and the instructional media material reproduction 
system, for the next study is expected to analyze the use of models and the instructional media learning 
materials other biological. 
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Abstract: This paper portrays research into an innovative curriculum project of dilemma stories which was conducted at 
a secondary school in Indonesia. The research focused on the development and implications of a dilemma stories 
approach with the Numbered Heads Together method in Organic Chemistry learning. Dilemma stories on the topics of 
formaldehida, alcoholic drinks, paracetamol drugs, and butter and margarine were developed in this research study. A 
qualitative approach was implemented with multiple methods including interviews, reflective journals, and classroom 
observations. The results of the research showed the effects of this innovative approach on students’ development of their 
critical thinking, creative thinking, emphatic communication skills, problem-solving skills, sense of responsibility, 
communication skills, religious attitude, argumentation skills, and confidence. Students learnt to solve the dilemma 
problems in real situations. The teacher became involved in this innovative approach for engaging students and improving 
their learning quality. In conclusion, the dilemmas stories approach has engaged the teacher and students in meaningful 
chemistry learning experiences.  
 
Keywords: Dilemma stories, Organic chemistry, Numbered heads together 
 
 
INTRODUCTION 
 

Chemistry learning is an effort of educators for student to gain knowledge about material covering structure, 
character, and the changes, also the energy change accompanied the material changes. Therefore, chemistry learning not 
only focused on knowledge but also focused on application to solve the problem in daily life.  

According to Vygotsky in Trianto (2007), students must be given complex tasks, difficult, and realistic and the 
teacher can help to accomplish those tasks. Students not only were given a complex task and difficult to understand about 
subject matter, but also by that task they can develop their own soft skills.  

Dilemmas stories approach is a tool to develop the important soft skills for students future in a society, like 
communication skills in community, emphatic communication, critical thinking, especially to solve the problem, and 
making decision. Research with dilemmas stories approach was conducted in Australia. For instance, The research done 
by Chow with The Prime Minister Dilemma Story (2012: 14). In Indonesia, dilemmas stories done with elektrolit and 
non elektrolit matter (Yuliana, 2014) with isotonic drink story and body elektrolit. Organic chemistry matter was chosen 
in this research because of 8,5 million compounds known, more than 80% are organic compounds, the current issue 
about organic chemistry matter is expected to be able to create dilemma for student.  

Some research had been conducted related with social development skills for students in the class by Lavasani 
(2011), Booysen and Grosser (2008), and Ferrer (2008). The research indicated that learning models application which is 
oriented to student activity can improve social skills for instance, communication skills on group discussion and working 
together is cooperative learning. 

One of learning models which is oriented to student activity is cooperative learning, and one of cooperative 
learning types is Numbered Heads Together method. According to Suwastana (2014: 122) Numbered Heads Together 
method encourage student to improve teamwork spirit and sense of responsibility. Teamwork more developing their 
understanding and appreciate about individual differences.  

So, the research focused on the development and implications of a dilemma stories approach with the Numbered 
Heads Together method in Organic Chemistry learning. 

 

193



 

 

 

RESEARCH METHODOLOGY 
This research conducted at Secondary high school in Bekasi for 12 grade with 44 students, West Java. The 

methodology used interpretive research. This research consisted of 2 steps: preliminary activity with doing preliminary 
analysis, arrange RPP (Rencana pelaksanaan pembelajaran)/ planning implementation of learning in organic chemistry, 
making and doing dilemmas stories assessment, and making quiz which is consisted organic chemistry concept. While for 
performance activity is presented below (picture 1) 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The researcher used the dilemmas stories of formalin, alcohol drinks, paracetamol drugs, and dilemmas stories of 

butter and margarin. Formalin and alcohol drinks stories  were read by students in each team. On the other hand, the 
paracetamol and butter and margarin stories were read by the teacher. Multiple research methods (methods including 
interviews, reflective journals, and classroom observations). This data gave a deep descriptive information about 
dilemmas stories approach in Organic Chemistry matter. Data analysis steps which is done by Creswell (2011) are 
cultivating and preparing the data, (2) overview data, (3) analyze more detail by data code, and (4) applicated coding 
process to describing categories or themes. Quality standards used in this research is trustworthiness, and the criteria was 
choosen credibility accompanied Prolonged Engagement, Progressive Subjectivity, and Member Checking. 
  
RESULTS AND DISCUSSION 
 

Implication of Dilemmas Stories Approach  
This research proved that learning with dilemmas stories can give more implication for students values. Some 

implication of dilemmas srories approach was found among this research are:  
 
Working Together  

Dilemmas stories approach with Numbered Heads Together method made students must work together. 
Cooperative students on group discussion with 4 until 5 students for each group, students have a freedom to give their 
ideas to be solved in story. So, they can get a solution to solve the problem based on team agreement. Positive feedback 
student by Reflective Journal data which is related cooperative as a team like a students named Zahra. She said, “All 
teams members worked together by giving opinions which was of out expectations.” (Reflective Journal, Zahra, 
Formaldehida Story). Zahra’s Journal reflective showed that when discussion process students gave a chance to other 
student to share their ideas and consider a good decision. They had to find ways of cooperating, compromising, and 
sometimes persuading people, when they don’t agree with them.  

When discussion process, teacher found a student named Nina was not interested to listen her friend who read 
story. Nina was busy playing with her handphone. So, teacher approcached Nina and took her phone. Nina was called to 

 

Picture 1. Steps of dilemmas stories approach with Numbered Heads Together Method  
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interview and teacher asked why Nina not listening when her friend read dilemma story. Nina answered, “ I do not like 
study by listening dilemma story”. Then, teacher asked deeper whether she listened dilemma story before or not and she 
answered,” I did not listen yet, I am not happy if my friend read the story” (Interview, Nina, Alcohol drinks story).  

Working together also appeared when students and team made a poster. During observations in the class, teacher 
noted that most of students have a great sense of cooperation. It indicates that they struggled to give solution about 
dilemma story problem by working together and shared their ideas and listened student opinion to achieve agreement. 

 
Emphatic Communication Skills 

Dilemmas Stories can develop emotional intelligences such as emphatic. Emphatic is the capabillity to accept and 
appreciate ideas and others opinion. Tina emphasized, “Everyone had a different point of view, but whatever their 
opinion was just try to listen and make it as consideration to take decision” (Interviewed, Tina, Formaldehida Story). Fitri 
also said in Reflective Journal, “discussion process is conducive and we have different opinions so we take a solution to 
be agreed” (Reflective Journal, Fitri, Formaldehida Story). Based on interview and Reflective Journal student 
understands that every human has different point of view when they faced a problem. Students honoured, gave, and 
accepted different opinions and ideas to solve the problem. 

 
Critical Thinking 

Discusssion processes and asking the teacher or asking opinion from friends are expected to develop students 
creativity, curiosity, and capability to formulate a question that can shape ctitical thinking. Teacher asked when 
interviewed students whether dilemmas stories provoke them to critical thinking through problems which  happend in the 
environment. Daus said, “The story made us thinking carefully about alcohol, oplosan drink is happening on society. We 
must assertive and take the action, and give chemistry knowledge to society” (Interviewed, Daus, alcohol drink story).  

This interview showed that story problem make student looking for good solution which can be taken, student also 
gave their ideas to give  chemistry knowledge on society about a riot oplosan drinks (Alcohol drinks mixed with 
chemical preservatives) which revolve on society. This research found appropriate with Setterlmaier (2009) research that 
when student are forced to take a decision, students show interested  critical thinking and reflect their own values.  

Based on observation on January 23th 2015 student actively ask about alcohol drink  utilization on society such as 
Tuak drinks (traditional acohol). Student with a batak tribe background asked their parents at home about tuak drinks 
which are always drunk during rainy season and student confirmed about parents statement to teacher whether tuak drink 
save or not.  

 
Connection of Dilemma Learning Experience With Real Life 

Dilemmas stories make students able to relate their prior knowledge to their daily lives such as usage and 
formaldehida dangerous, alcohol drinks, Parasetamol, and Butter dan Margarin. Students can get the advantages by 
applicating their achieved knowledge in their lives. Like Amel said, “ I can practice my knowledge when I go to the 
market with my mother, I’m curious whether tofu that I bought contains formaldehida or not (Interview, Amel, 
Formaldehida)  

Many students often view science as useless for their life and therefore they don’t participate well in it. This 
results appropriated with (Macaulay, J. O., Damme, V., & Walker, K. Z. 2009, 137) research that contextual learning has 
many big advantages for students to adapt learning with real life situation. So, students can learn well.  

 
Motivation 

Hopefully, Dilemmas stories with Numbered Heads Together method with observing a matter by group discussion 
can motivate student and the student curiosity higher so, learning process has High meaningful. Motivations that found in 
this research were encouraged to know about chemistry deeper, motivation to keep learing, and motivation to reach the 
goals. Learning experience like that is important for students especially for 12 grade who want to continue their study in 
University. The motivation to reach the goal can be identified when researcher interview student who named Doni, “ I 
have to prepare for my future, I want to be a student and truthful businessman (Interview, Doni, Formaldehida Story). 
Like Doni who wants to be a businessman, Asep also gave his opinion that he wants to be a Doctor, “I am 12 grade and I 
want to take Medical school. I’m keen to achieve my goal”. (interview, Asep, Parasetamol Story). This interview 
indicated that student 12 grade has the intention to continue their study in University and get their goals like to be a 
Doctor, Businessman, and many more. Dilemmas stories have a positif affect for student in 12 grade with push their 
curiosity.  

The other motivation factor is teacher, teacher role as motivator for student. Moreover, student in 12 grade need a 
High motivation to faced National exam and entry University selection. I have often found it very difficult to keep my 
students engaged in science topics. They complain about being bored. They are not particularly interested in the scientific 
theory behind it, and whatever the knowledge they gain is soon forgotten I pursued the students to encourage themselves 
by saying motivational words loudly. How the words motivated them make them struggle in study. Teacher character can 
raise a motivation and interested to study like patient and guide where teacher not emotional when faced with student 
noisy, and lazy to study.  
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Confidence  

Dilemmas stories approach conducted in group. Students felt more confident and more comfortable if study with 
friends. Like Vita Said when she called she looks shame to give her opinion with low voice. So her friends in the class 
ask vita to speak louder. Finally, Vita spoke louder, “ for the First Time I felt nervous when I was chosen to speak in 
front of class. But eventually, I felt brave to tell my group opinion in front of the class (Interview, Vita, Formaldehida 
Story). In conclucion, based on an interview, and Observation show that by dilemmas stories approach with Numbered 
Heads Together method can make students more comfortable. It means dilemmas stories approach can change a students 
habit who tend to be brave sharing information with each other. So, it can increase skills like accepted to different 
opinion, give a opinion and argumentation. 

 
Argumentation skills 

One of speaking skills which must be managed by student is argumentation skills.  When students give a solution 
about dilemmas stories questions, other students were interested in giving an opinion which is considered better than 
others. So, the argumentation happened between group delegation. One of argumentation that happend in the class was 
formaldehida story. Dilemmas questions was: what will you do for you business, continuing formaldehida usage or no 
usage more? 

Faisal: Of course, we can not use Formaldehida for tofu. In our opinion, we more choose using natural 
preserpative.  
Hadi: I disagree with Faisal group. We thought to stay with using Formaldehida for tofu with less content. The 
important thing for salesman just looking for the advantages.  
Wawan :  I think in Islam clearly, actually God will punish a dishonest salesman. The story explained that father 
asked his kid to be honest in trade.  
Istianah (Teacher): in introduction had explained that formaldehida used as corpse preserpative. and no level 
exactly which can added for food. formaldehida which is added for food can be dangerous for body. So, 
formaldehida should not be used for food.  

 
Teacher clarified student question about may or may not formaldehida usage in less contain for food. According 

Sutiari (2011: 28) said that formaldehida contain can be disadvantages and dangerous for human health. Formaldehida is 
a chemistry material which is forbidden usage like regulation of health minister number 722/Menkes/Per/IX/1988. 

In conclusion, based on discussion results and observation that dilemmas stories enggaged and challenged student 
to think critically about the problem which happens in environment. This engaged student knowledge to offer a best 
solution. Student looked active to give an opinion with various point of view which can give another implication is 
religious attitude.  

 
Religious Attitude 

The other implication appears was feeling afraid to God about what they did in daily lives. Related about 
Formaldehida issue, made students reflected the own value such as religious attitude like figured by students named Cita. 
He said, “ Although Tuak (Traditional Alcohol) has less level of alcohol it is illegitimate for Moslems” (Reflective 
Journal, Cita, Alcohol Drinks). According to UU Sisdiknas 2003, religious and national culture are values sources of 
national education. Religious attitude is caracter of Indonesians.  

Religious attitude also appears when argumentation happend in the class when one of students sharing groups 
opinion to stay using Formaldehida for tofu because they just wakt to get advantages. It makes other students who named 
Wawan remained that every attitude with said, “ actually God will punish a dishonest salesman” (Discussion, Wawan, 
Formaldehida Story).  

As a student teacher I felt that religious education at school or at home is very important for students. Religious 
values is a foundation for students to take  decisions including when they were confronted by complicated situation and 
different opinions. It can be concluded that related discussion results show that students have a view about religious in 
every attitude they took. When take a decision, student can assess good attitude and bad attitude from religious view. 
Where religious attitude is Indonesian character.  

 
Creative Thinking 

By working together students trained to dig their new creative ideas. Like Parasetamol dilemma. In Parasetamol 
dilemmas Chandra asked, “ previously, I watched parasetamol danger, but in that program doctor advise to change 
Parasetamol with salisilat acid for mother’s pregnancy. Can we change Parasemol with Salisilat acid not only for 
mother’s pregnant, but also for human with all condition? (Discussion, Chandra, Parasetamol Story). The students 
creativity did not only appear when they give their ideas but also when they make posters with their group. As a student 
teacher I feel curious and enthusiastic about student knowledge and potential solutions they would offer. I thought to 
applicate dilemmas stories in 12 grade, teacher has too many years of teaching experience, full attention, knowledge and 
communication skills because students in 12 grade tend to give another potential problems in group discussion.  
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Sense of Responsibility 

By using Numbered Heads Together method, students requested to give responsibility as individual about the 
matter which handled by cooperative group. With called number randomly make student have a responsibility to 
understand about discussion matter so well by working together in a group. Like Doni said when interview did, “We 
have to be ready with our decision. Because we do not know whether we are chosen to share opinion in the class or not 
(Interview, Doni, Formaldehida). Leaders attitude also appears when discussion, a student named Salma gave an opinion 
that one member is more dominant that other members. Responsibility attitude also appeared due to they joined school 
organitation.  

In can be concluded that students who joined an organitation like OSIS always find various problems in OSIS 
activity. So, when students face about the problem in dilema story, they can to collect the ideas, propose new ideas, and 
share the ideas to solve the problems. Dilemmas stories approach with Numbered Heads Together method also can 
improve responsibility attitude to solve group task.  
 
CONCLUSIONS 

Relating research results, Steps on dilemmas stories learning in Organic Chemistry with Numbered Heads 
Together method make students learning in depth to understand the concept and the application of Organic Chemistry 
matter. Application of dilemmas stories approach are students gave a chance to think as a team to find the solution from 
dilemmas given.  Application of Dilemmas stories approach in learning can train students to think critically about their 
own values and ideas. So, dilemmas stories can sharpen students skill in solving the problem and taking a decision. 
Teacher roles as fasilitator to explore the values which students own as individual and group as well in learning by using 
dilemmas stories.  

Implication found in this research were working together, emphatic communication, critical thinking, contextual 
chemistry, study motivation improvement, confidence, argumentation skills, religious attitude, student creativity 
improvement, and sense of responsibility. With dilemmas stories approach by Numbered Heads Together method for 
Organic Chemistry can be used as teaching materials in the secondary schools for 12 grade in second semester.  
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Abstract: Flipped classroom reverses the traditional classroom, where students view lecture at home and perform 
activities during class period inside the classroom. This study investigated the effect of flipped classroom model on 
college physics students’ motivation and understanding of kinematics graphs. Solomon Four-Group design employing 
quantitative and qualitative methods was used to gather data. Four college physics sections participated in this study. 
Two groups received a researcher-developed, flipped classroom, instructional material over the course of 8 sessions. Test 
for Understanding Graphs in Kinematics (TUG-K) gain scores (posttest-pretest) was significantly higher in Experimental 
(M=1.87, SD=2.909) over the Control (M=0.54, SD=1.853). Physics Motivation Questionnaire II (PMQII) did not show 
significant difference. Flipped Classroom Model may enhance students’ learning of kinematics graphs by improving their 
level of understanding, but was shown to have no effect students’ motivation. 
Keyword: flipped classroom, kinematics graphs, understanding 
 
 
INTRODUCTION 
 

The mission of science education is to prepare individuals develop a certain level of scientific understanding 
after their formal education in school (Wang & Schmidt, 2001).  However, science education has remained relatively 
unchanged for the last half-century at least, and this has been similar across the developed world (Tytler, 2007). The way 
science education is delivered seems not to meet the demands of the times.  
Thornburg (2009) posed five challenges for science education that need to be considered by educators to regain the 
quality much desired by the society: a) The shortage of qualified teachers, b) Learning about science as a vibrant human 
activity, c) Cutting back on hands-on science, d) Science as a process of inquiry and real projects, and e) Connecting 
science to other subjects. Addressing one or more of these challenges would greatly improve science education and 
would help in addressing global issues  that are fundamentally technical—climate change, energy resources, food 
production, genetic modification, and so on—that demand basic scientific literacy so that wise decisions can be reached 
about how to address them (Weiman C. , 2008). 

Science education is one of the many disciplines that could accelerate learning by utilizing available 
technologies.  Teaching and learning have been improving much since technology was introduced in the classrooms (El 
Hassouny, Kaddari, Elachqar, & Alami, 2014; Halverson & Smith, 2009). Students’ experiences in utilizing the 
technology can be tapped to further develop their interest in learning.  In this information age, the trend in education has 
been towards utilizing technology to support teaching and learning (Fadel, Charles, 2010; Molebash, 2000). Educators 
try to train to use technology to keep abreast with the changing audience (Purcell, Heaps, Buchanan, & Freidrich, 2013), 
as well as the emergence of educational technologies (Klopfer & Osterweil, 2009; Prensky, 2008), which are useful in 
the classroom. Interactive technology have addressed enhancing student learning in physics (Weiman, Adams, & Perkins, 
2008). 

Physics is the basic physical science (Young, 2012). Its scope of study encompasses not only the behavior of 
objects under the action of given forces, but also the nature of gravitational, electromagnetic and nuclear force fields. It is 
the science of matter, motion and energy. Its laws are typically expressed in the language of mathematics. Physics, as a 
science, requires specific skills to be able to grasp concepts and ideas like understanding graphs that is one of the skills a 
scientist must have to be able to visualize patterns and see trends (Beichner, 1994). 
Graphs of kinematics variables--position, velocity, and acceleration are essentials of physics and mathematics courses 
(Hale, 2000). Understanding these concepts builds a strong foundation to succeed, as physical concepts become more 
abstract and more complicated to model mathematically (Archambault, Burch, Crofton, & McClure, 2008). Studies 
(Hale, 2000; McDermott, Rosenquist, & van Zee, 1987), however, revealed the difficulties encountered by students in 
interpreting kinematics graphs.  These studies tried to address the difficulties in various ways by implementing 
interventions thought to be effective to remedy the problem. 

Educators are now making ways to personalize learning by using technologies such as video, digital simulations, 
and computer games. But the traditional teaching model remains, and technologies such as these will have limited effects 
(Hamdan, McKnight, McKnight, & Arfstrom, 2013). Traditional classroom learning comprises a lecture in the classroom 
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and assignments, exercises or activities at home. In the classroom, teacher may use, direct instruction, video presentation, 
computer simulation, and/or actual demonstration. One problem with conventional teaching lies in the presentation of the 
material (Mazur, 2014). Most of the time it comes straight out of textbooks and/or lecture notes, which gives students 
little incentive to attend classes. Most of the time, the traditional presentation is nearly always delivered as a monologue 
in front of a passive audience, the students (Mazur, 2014). Only exceptional lecturers are capable of holding students' 
attention for an entire lecture period. Traditional way of checking if students were attentive during lecture is by giving 
homework. When students are given a task to be done at home, more often than not, they will have no one to help them 
(Maranell, 2014).  

Dupe (2013) relates academic self-concept and locus of control as factors that influenced students’ achievement 
in physics. Achievement in science courses is often associated with students’ interest and motivation. Motivation comes 
as: extrinsic motivation, intrinsic motivation, goal orientation, self-determination, self-efficacy and assessment anxiety 
(Shepard, 2011; Glynn & Koballa, 2006). In deciding which approach to use, science educators often consider these 
constructs to motivate students to learn science. 

Recently, science education has been buzzing about flipped classrooms or flipped learning (Noonoo, 2012; 
Overmyer J. , 2012). In this model, some lessons are delivered outside of the group learning space using video or other 
modes of delivery. Class time becomes available for students to engage in hands-on learning, collaborate with their peers, 
evaluate their progress, and teachers can provide one-on-one assistance, guidance and inspiration (Hamdan, McKnight, 
McKnight, & Arfstrom, 2013). Cisco Systems Inc (2012) claims that the flipped classroom has more advantages than 
weaknesses. Students’ performance improved when the flipped classroom was used which presents a positive feedback 
for educators (Berrett, 2012; Fulton K. , 2012; Strayer, 2012). Flipped Classroom has been tested in various disciplines 
such as in business (Findlay-Thompson & Mombourquette, 2013), in multimedia (Enfield, 2013), and in physics (Bates 
& Galloway, 2012). Flipped classroom can be tried to address issues in the Philippine education system, especially with 
the recent K-12 curriculum.  

Philippine Educational system is a product of several reforms (Durban & Catalan, 2012; Florido, 2006). Much 
work is needed as the Department of Education (DepEd) implements the K-12 Program which affects the higher 
education curriculum. The Commission on Higher Education (CHED) has laid out the “Revised General Education 
Curriculum” (CMO 20 s2013) in conjunction with the K-12 Program of DepEd. This memorandum outlines the General 
Education Outcome which includes: Higher levels of comprehension (textual, visual, etc.); Proficient and effective 
communication (writing, speaking and use of new technologies); Application of computing and information technology 
to assist and facilitate research; Ability to negotiate the world of technology responsibly; and Problem solving (including 
real-world problems) (CHED, 2013, pp. 4-5).  

With the constant change in the basic education curriculum, teachers need to upgrade themselves in order to 
properly implement these changes (Durban & Catalan, 2012). Some educators innovate and utilize technology to counter 
the lack of budget for instructional materials (Ahmad, 2004; Arimbuyutan, Kim, Song, & So, 2007). By maximizing the 
use of readily available technology, flipped classroom can help remedy the decreasing interest of students to science. 
Flipped Classroom Model can be tried to optimize the benefits derived from technologies. The purpose of this study is to 
investigate the effects of utilizing the flipped classroom as a teaching model on the motivation and understanding of 
college physics students of kinematics graphs. It was hypothesized that College Physics Students can have better 
understanding of kinematics graphs and higher motivation to learn physics with the implementation of the Flipped 
Classroom model.  

The findings of this study will benefit the society considering that physics plays an important role in science and 
technology today. Physics is an important element in the education of chemists, engineers and computer scientists, as 
well as practitioners of the other physical and biomedical sciences (IUPAP, 1999). The greater demand for graduates 
with good physics background justifies the need for more effective teaching methods. Schools who apply recommended 
methods derived from this study will be able to train students better. 

This study combines understanding and motivation to assess the effectiveness of a new teaching method. 
Researches (Lee & Osman, 2012; Haron N. H., Shaharoun, Puteh, & Harun, 2012) from different fields and topics 
exposed their findings. These researches, however, have conflicting results. Lee & Osman (2012) found out that the 
module they used only improved understanding and not motivation. The analysis of case studies by Haron, et al. (2012) 
revealed that engineering students’ level of motivation in learning engineering statics has direct relationship with their 
understanding of the subject.  This study can be utilized to further analyze or generalize Lee & Osman’s claims. This 
study can also be extended to other topics as well as other courses to forward active and self-paced learning.  
 
RESEARCH METHOD  
 
Participants 
In this study, two teachers were assigned to four sections of Physics 11 (Teacher A handles E2, C1 and C2; Teacher B 
handles E1). These teachers were part-time teachers with less than 3-years’ experience in teaching Physics 11. These 
teachers were graduates of the University under the Bachelor of Secaondary Eduction major in Physical Sciences 
Program. The teachers took up about 50 units of major courses in math and physics during their undergraduate. The 
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teachers facilitated the class by asking the clicker questions and assessing whether or not the students have acquired the 
level of understanding to perform the in-class activities. Teachers were available in the classroom, especially during 
exercises; they responded to students’ inquiries and assisted the students when they got stuck. Teachers also responded to 
an interview which gathered their feedback using an interview schedule after the implementation of the intervention. 
The students who participated in this study were Sophomore College students enrolled in College Physics I course. 
College Physics I is regularly offered during the first semester. Students who failed or those who transferred from other 
courses or schools would compose the enrolment of College Physics I during the second semester. A total of four 
sections were opened for the second semester of School Year 2014-2015. 
 
Instrumentation 
The acquisition of the relevant data in the conduct of the current study utilized established and standardized instruments 
to measure the constructs of motivation and understanding. This was supplemented by interview schedules that 
constituted the qualitative part of the study. In measuring the level of motivation, the Physics Motivation Questionnaire II 
(PMQ II) that has a total of twenty five items constructed on a four point Likert scale. Generally, the questions were 
components of students’ motivation to learn physics by Glynn, Brickman, Armstrong & Taasoobshirazi (2011). The 
maximum score for the PMQ II was 100 and the minimum was 0. With regard to the measurement of the students’ 
understanding of kinematic graphs, the Test for Understanding Graphs in Kinematics (TUG-K) (Beichner, 1994) was 
used to collect data on students’ aptitude of kinematics graph. This multiple choice questions (MCQ) questionnaire has a 
total of twenty items with five choices each. 
An interview schedule was also prepared to capture the challenges experienced by the teacher in implementing the 
flipped classroom.  
 
Research Design 
This study adopted an experimental research design, specifically the Solomon Four-Group design. This design was used 
because Solomon Four-Group design provided good control of the threats to internal validity. Solomon Four-Group 
design has two pretested groups and two without pretest. One of the pretested groups and one of the non-pretested groups 
received the experimental treatment, and then all four groups took the posttest. 
Motivation in learning science and understanding kinematics graphs were tested separately. Using the draw by lots for 
randomizing the groups yielded two different set-ups. Table 2 set-up was for the Test for Physics Motivation 
Questionnaire II (PMQ II) and Table 3 was for the Understanding Graphs in Kinematics (TUG-K).  

Table 1. PMQ II Experimental Set-up utilizing the Solomon Four-Group Design 
GROUP Pretest Independent Variable Posttest 

E1 Y1 X Y2 

E2 --- X Y2 

C1 --- --- Y2 

C2 Y1 --- Y2 

Group E1 received the pre-test, the treatment X and the post-test.  
Group E2 received the treatment X and the post-test  
Group C1 received the post-test only. 
Group C2 received a pre-test followed by the control condition and the post-test.  
Group C1 and Group C2 were taught using Traditional lecture method. 
The first and fourth rows compared the gain scores of the experimental and control groups. This revealed the pretest 
influence over the posttest results. The second row verified the effect of pre-testing. The third row helped validate the 
changes that would occur between the Pretest (Y1) and the Posttest (Y2). 

Table 2. TUG-K Experimental Set-up utilizing the Solomon Four-Group Design 
GROUP Pretest Independent Variable Posttest 

E1 Y1 X Y2 

E2 --- X Y2 

C1 Y1 --- Y2 

C2 --- --- Y2 

Group E1 received the pre-test, the treatment X and the post-test.  
Group E2 received the treatment X and the post-test  
Group C1 received a pre-test followed by the control condition and the post-test.  
Group C2received the post-test only.  
Group C1 and Group C2 were taught using Traditional lecture method. 
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The first and third rows compared the gain scores of the experimental and control groups. This revealed the pretest 
influence over the posttest results. The second row verified the effect of pre-testing. The fourth row helped validate the 
results that would occur between the Pretest (Y1) and the Posttest (Y2). The conduct of the experiment started from the 
randomization of students belonging to a section which was done at the Registrar’s Office during enrolment. The 
Registrar opened four sections with 35, 35, 47, and 38 students, respectively. For the four sections’ random assignment 
of intact groups, drawing of lots was done by the researcher. The results of the drawing of lots are as follows: 

Table 3. Assignment of Groups 
Assignment No. of Students Class Schedule Instructor 
Experimental Group 1 (E1) 47 3:00-4:00 MWF Instructor B 
Experimental Group 2 (E2) 38 4:00-5:30 TTH Instructor A 
Control Group 1 (C1) 35 2:30-4:00 TTH Instructor A 
Control Group 2 (C2) 35 2:00-3:00 MWF Instructor A 

 
As a priori to the the actual implementation, a survey of available and useful technology for the implementation of 
flipped classroom was conducted. This was followed by a workshop to train the teacher implementers on how to go about 
facilitating a flipped classroom model. Five teachers handling physics subjects attended the workshop, but only two were 
utilized for this study. 
Data Analysis 
Data were analyzed using the SPSS version ?. Normality of group data was determined using the Shapiro-Wilk test of 
normality as deemed necessary to determine whether to use the parametric tests of comparison of means. T-test was used 
to test differences between the pre-test mean scores of the experimental and control because of its superior quality in 
detecting differences between two groups (Dimitrov & Rumrill, 2003). Pretest data for experimental and control groups 
were compared using independent samples t-test to determine whether the level of understanding and motivation of the 
groups were similar or not. The Gain Scores (Posttest – Pretest) of pretested groups were determined and tested for 
significance using paired sample t-test. Posttest Scores were compared using the independent sample t-test to evaluate 
whether pretesting influenced the posttest results or not. 
. Qualitative analysis was used to analyze the results of the interview with the teacher implementers. 
 
RESULTS AND DISCUSSION 
 
Levels of Motivation of the Groups with Pre Assessments (E1 and C2) 
Physics Motivation Questionnaire [PMQ II] determines the level of motivation of the students towards physics. These 
tests were administered according to the research design in Table 2. The following are the results of the pre assessments 
given to the student during the conduct of the study: 

Table 3. Levels of Motivation of Pretested Groups 

Assessment 
E1 

n = 47 
C2 

n = 35 
M SD Level M SD Level 

Pretest 72.21 12.457 high 71.69 12.693 high 
 
Motivation levels using the PMQ II are categorized into low-motivation [0 – 50] and high motivation [51 – 100] (Glynn, 
Brickman, Armstrong, & Taasoobshirazi, 2011). The means of 72.21 and 71.69 out of 100 was considered high-
motivation which could be seen in the PMQ II pretest results of the control and experimental groups. The standard 
deviations of 12.457 and 12.693 for the experimental group and the control group, respectively, showed that the groups’ 
responses were equally dispersed. This can be considered comparable in terms of motivation of the students in the two 
groups. 
 
 
 
Levels of Understanding of the Groups with Pre Assessments (E1 and C1) 
The Test for Understanding Graphs in Kinematics [TUG-K] evaluates the students’ level of understanding of kinematics 
graphs. These tests were administered according to the research design in Table 3. The following are the results of the pre 
assessments given to the students during the conduct of the study: 

Table 4. Levels of Understanding of Pretested Groups 

Assessment 
E1 

n = 47
C1 

n = 35 
M SD Level M SD Level 

Pretest 3.66 1.564 A 4.49 1.522 B 
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The data were analyzed to determine the general distribution properties of the data. The results of the analysis showed a 
normal data set which permitted the use of parametric tests for comparison of means ( (Landau & Everitt, 2004, p. 38). 
The standard deviations of 1.564 and 1.522 for the experimental group and the control group, respectively, showed that 
the groups’ responses were equally dispersed. This can be considered comparable in terms of the levels of understanding 
of the students in the two groups. 
Five categories of scores were created for the Test for Understanding Graphs in Kinematics. An interval of 4 points per 
category was set and labeled very low, low, average, high and very high levels of understanding as shown in Table 6.   

Table 5. Category of Understanding based on Scores of TUG-K 
Category Label Score Range 

A very low 0-4 
B low 5-8 
C average 9-12 
D high 13-16 
E very high 17-20 

 
Referring to the mean scores of TUG-K, the experimental Group 1 Pretest had the very low level, belonging to category 
A, while the control group to category B. The scores were relatively low compared to the possible perfect score of 20.  
 
Comparison of the Levels of Motivation of the Groups with Pre Assessments (E1 and C2) 

Pre-Assessment results of student motivation were used to determine the levels of motivation of the 
experimental group and the control group. The independent samples t-test was used in the analysis. Results indicate that 
there was no significant difference between levels of motivation of the experimental group (M = 72.21, SD = 12.457) and 
the control group (M = 71.69, SD = 12.693), t(80) = -0.188, p > 0.05, α = 0.05. 
For motivation of students, the PMQ II pre assessments showed no significant difference between the experimental and 
control groups. Their levels were at par and at the high level category. This tells that students in the experimental and the 
control group exhibited an equal footing at the start of the study in terms of their motivation aspect. The high level 
category at the start might have reduced the possibility of getting a significant gain for students’ motivation at the end of 
the study. 
 
Comparison of the Levels of Understanding of the Groups with Pre Assessments (E1 and C1) 
To determine the levels of understanding of the control and the experimental groups, the pre-test results of TUG-K were 
analyzed and compared. The independent samples t-test was used in the analysis. Results showed that the Control Group 
(M = 4.49, SD = 1.522) had significantly higher level of understanding compared to the Experimental Group (M = 3.66, 
SD = 1.564), t(80) = 2.393, p = 0.019, α = 0.05. This shows a significant difference of the TUG-K pretest between the 
experimental and control groups of which the control group was higher than the experimental group. 
Pretest results of TUG-K based on the Categories showed that the control group had better level of understanding 
(category B) compared to the experimental group (category A). This happens to oppose statistical procedure of insuring 
the tested samples, in this case E1 and C1, to be statistically comparable at the beginning. This however, was not avoided 
because of the limited sections available for the study. The study proceeded with this limitation. 
 
 
Levels of Motivation in the Post Assessment 
All groups took the PMQ II after implementing the intervention for the experimental group and at the same time as the 
control group covered the topic in kinematics graphs. Table 2.4 shows the levels of motivation in the post assessment. 

 
 
 

Table 6. Post Assessment Levels of Motivation 

Assessment M SD Level M SD Level 

Posttest 

Experimental Control 

E1 (n = 47) C1 (n = 35) 
69.64 14.143 high 77.31 9.371 high 

E2 (n = 38) C2 (n = 35) 
73.95 11.366 high 72.11 14.383 High

 
The levels of motivation during the post assessments were all at the high level motivation category. There might be 
differences in the means but when subjected to the category criterion, the means all belonged to the same category.  
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Levels of Understanding in the Posttests 
The TUG-K was taken by all the four groups after implementing the intervention for the experimental groups and after 
covering the topic in kinematics graphs for the control groups. The TUG-K post assessments were given to the students 
after accomplishing the PMQ II. Table 8 shows the levels of understanding in the post assessment. 

 
Table 7. Post Assessment Levels of Understanding 

Assessment M SD Level M SD Level 

Posttest 

Experimental  Control 
E1 (n = 47) C1 (n = 35) 

5.53 2.527 B 5.03 1.886 B 
E2 (n = 38) C2 (n = 35) 

5.29 1.642 B 4.43 1.632 B 
All post assessments for TUG-K were all at level B category. E1 and E2 had higher mean scores compared with C1 and 
C2 mean scores. 
 
Comparison of the Post Assessment Scores for Motivation 
Experimental Groups. 
The motivation of students in the experimental groups E1 and E2 were also compared to find out whether they had 
similar results. The independent samples t-test revealed that there was no significant difference between the PMQ II post 
assessments of the experimental groups E1 (M = 69.64, SD = 14.143) and E2 (M = 73.95, SD = 11.366), t(83) = -1.522, p 
> 0.05, α = 0.05. 
This result reveals a consistent level of motivation of the students even when introduced with new instructional model. 
This result is similar to the claims of Butzler (2014) that flipped-classroom model produces no significant difference on 
academic motivation.  
 
Control Groups 
 The motivation of students in the control groups C1 and C2 were also compared to find out whether they too had similar 
results. The independent samples t-test revealed that there was no significant difference between the PMQ II post 
assessment of the control groups C1 (M = 77.31, SD = 9.371) and C2 (M = 72.11, SD = 14.383), t(68) = 1.792, p > 0.05, 
α = 0.05. For the control groups, there was no indication that the pretest of the PMQ II had an effect on the posttest 
result. The pre assessments and post assessments of C1 had no significant difference similar with the experimental group 
E1. 
 
Comparison of the Post Assessment Scores for Understanding 
Experimental Groups 
Understanding on Kinematics Graphs of students in the experimental groups E1 and E2 were compared to determine 
whether they yielded similar results. The independent samples t-test revealed that there was no significant difference 
between the TUG-K post assessments of the experimental groups E1 (M = 5.53, SD = 2.527) and E2 (M = 5.29, SD = 
1.642), t(83) = 0.510, p > 0.05, α = 0.05. Having no significant difference between the posttest score of the experimental 
groups E1 & E2 for TUG-K means that the pretest given to E1 did not have an effect on the posttest results. Whether or 
not there was a pretest, the groups would still have the same level of understanding after implementing the intervention. 
 
Control Groups 
Understanding on Kinematics Graphs of students in the control groups C1 and C2 were compared to determine whether 
their results were significantly different. The independent samples t-test revealed that there was no significant difference 
between the TUG-K post assessments of the control groups C1 (M = 5.03, SD = 1.886) and C2 (M = 4.43, SD = 1.632), 
t(68) = 1.423, p > 0.05, α = 0.05. Consistent results of the TUG-K posttest of the control groups means that pretesting did 
not have an effect on the posttest outcome of this study. 
Comparison of the Students Gain in Understanding 
To determine the improvement in the students, the gain scores were used. The gain scores were computed individually by 
subtracting the pretest scores from the post test scores. Some showed positive gain while there were others having 
negative gain. Table 2.6 is the summary of the results of the pre assessment, post assessment and the gain in 
understanding of the experimental and the control groups. 

Table 8. Pre assessment, Post assessment and Gain in Understanding 

Assessment 
E1 

n = 47
C1 

n = 35 
M SD M SD 
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Pretest 3.66 1.564 4.49 1.522 
Posttest 5.53 2.527 5.03 1.886 
Gain 1.87 2.909 0.54 1.853 
Only those groups with pre assessments and post assessments were used to determine the gain scores. For students’ 
understanding only E1 and C1 were used in determining the gain scores. These groups were representative of the 
experimental and the control groups. 
 
Within Experimental Groups 
Using the paired samples t-test, the pre assessments and post assessments of TUG-K for E1 were analyzed and compared. 
Results for the experimental group E1 showed a highly significant difference of TUG-K post assessment (M = 5.53, SD = 
2.527) and TUG-K pre assessment (M = 3.66, SD = 1.564), t(46) = 4.413, p < 0.001, α = 0.05.  
The intervention given to the experimental groups, the flipped-classroom model, had an influence on their posttest 
results. Unstructured interview was made after the students took the post assessments of the TUG-K. Some statements of 
the students in the experimental group or those who were taught using the flipped classroom model might show hint of 
what made the students perform better.  
Students from E2 claimed they were actively participating in the clicker questions by defending their answers to their 
seatmates which made them remember and understand the concept better. 

 
The clicker was part of the activities in the flipped classroom model which was done at the beginning of the period. 
Students were given the video during the previous encounter and the content of the clicker questions were framed to 
check whether students understood the videos they were watching. Unstructured Interview with the students revealed 
some reasons for this.  
Students from the experimental groups gave positive feedback on the videos they watched. 

 
Students [Filipino students] prefer self-learning (Rodrigo, Grosch, & Anddres, 2013) and are better off in this condition. 
When students dictate their own pace, they are in a better position to gather much needed information to supplement or 
review what they already learned (Schwartz, 2013, p. 4). Students learning individually acquire mastery because they are 
selective of supplemental information they need to understand the topic at hand. Providing this experience in the 
curriculum could aid in improving topic mastery of the students. 
Not all students experiencing flipped classroom model found the tasks easy. There were interviewed students who did not 
have enough time to watch the video since they were only relying on the computer ticket for 30 minutes given by the 
researcher.  

Interviewer: What were the benefits you derived from the flipped classroom 
model? 

Student 1: Makasabot mi sa video… klaro and discussion and pwede ra nako 
balikbalikon og view. (We were able to master reading kinematics graphs 
because the examples in the video are clear and we can replay it [video] as 
often as we needed.) 

“We are excited during clicker, if we don’t have the same answers, we were given 
time to talk to our seatmates to convince them of our choice. This makes the class 
noisy but in the end, when we raised our cards the second time around all of our 
answers are now correct.” 
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The lack of access to the internet did not hinder these students from performing what was required of them. They took 
the initiative to meet what was asked of them. 
 
Within Control Groups 
Using the paired sample t-test, the TUG-K results for the control group C1 revealed that there was no significant 
difference between the TUG-K pre assessment (M = 4.49, SD = 1.522) and TUG-K post assessment (M = 5.03, SD= 
1.886), t(34) = 1.734, p > 0.05, α = 0.05. The reason for this may be attributed to the activities done in the traditional 
classroom model which let the students do activities outside the classroom. 
Unstructured interview with some students in the control group revealed that when they were given assignments, most of 
them would answer the assignments in school with their classmates. Some students did the assignments but were unsure 
of their answers, while some students resorted to copying the answers of their classmates. 

 
The problem with assignments is that teachers have difficulty in monitoring their students individually. This came out in 
an unstructured interview with one of the instructors of the department. 

 
Between Experimental and Control Groups 
Experimental group (E1) had a category A level of understanding during the pre-assessment and a category B level of 
understanding during the post assessment. This performance was better than C1 in terms pre assessment and post 
assessment difference or gain scores. Comparison of the TUG-K score gains of the control group C1 and the 
experimental group E1 showed a significant difference of the experimental group E1 (M = 1.87, SD = 2.909) against the 
control group C1 (M = 0.54, SD = 1.853), t(83) = 2.368, p = 0.014, α = 0.05. This result is parallel to Overmyer (2014) 
where flipped classroom model in teaching college algebra produced a slightly higher gain compared with the traditional 
model. 
Students from the control group also expressed their experiences in their traditional classroom setting. Some of them said 
that most of the students were not paying attention when the teacher was doing the lecture. 

Interviewer: How do you monitor the assignment given to the students? 

Instructor C: It is very difficult because I cannot follow‐up them all. I will just wait 
when they turn in their works the following meeting. I can see similarities and some 
are not reflective of the students’ ability.  

Interviewer: How do you answer your assignments? 

Student 3: Maglisud mi og answer at home kay walay makatigo. Magsalig na lang mi 
sa amo mga classmates. (No one can help me at home; I just rely on my 
classmates to share their answers to me.) 

Interviewer: What were the benefits you derived from the flipped classroom 
model? 

Student 2: We had difficulty… kuwang ang 30 minutes nga free time… magextend 
mi kay usahay lag ang internet… dili pud open and internet café during our 
free time in the morning… 9 am pa mag open. (The 30 minutes free time 
was too short, we need to extend due to problems with internet connection. 
The café opens at 9 am and we cannot use our free time in the morning.) 

Interviewer: What did you do given this situation? 

Student 2: We have classmates nga nagdownload sa videos sa ila tablets... 
manghuwam na lang mi. (Some of our classmates downloaded the videos in 
their tablets. We borrowed it and viewed the videos in their tablets.) 
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After implementing the flipped classroom model in teaching kinematics graphs the results, however, pointed to the 
improvement of the level of understanding of the experimental group.  
 
Challenges in Implementing the Flipped Classroom Model 
Before the teachers were made to teach kinematics graphs using the flipped classroom model, they underwent a 
workshop facilitated by the researcher. The workshop basically informs the implementers on how to go about conducting 
flipped classroom model. They were also inducted on the module they will be using during the implementation. 
Their classes, both the experimental and the control groups, were observed by the researcher. Upon completing the 
implementation, an interview conducted individually of the two teacher implementers gathered important feedback in 
implementing the Flipped Classroom Model in teaching kinematics graphs to college physics students. 
 
Changes brought about by using the Flipped Classroom Model 
The teacher implementers shared that they were excited to learn about flipped classroom model during the workshop. 
Instructor A particularly noted the time she spent with the students increased. 

 
Instructor B revealed that he had been asking students to view videos in YouTube but he was not particular which videos 
to watch. He just gave the topic and the students were the ones looking for appropriate videos. He made PowerPoint 
presentations for problems with long solutions for students to view. 

 
 
Difficulties in using the Flipped Classroom ModelInstructor A was concerned about the length of time in preparing the 
videos.  

 

“It would have been better if the videos were prepared during summers breaks so 
that errors and wrong concepts can be addressed by us or our colleagues.”  

“I have been sharing PowerPoint presentation to my students but only for problems 
with lengthy solutions, I did not know this to have a name and I am glad to learn 
that this has been backed with theories already. I am now confident to use this 
model.”  

“Before I did the flipped classroom model or even in the traditional classroom I am 
doing now, only those students who approached me after the class period were the 
once I got to notice. Those who don’t, I cannot determine which topics they had 
difficulty with. Flipped classroom model allows me to get to know my students 
better in terms of the topics they had a hard time understanding.” 

Interviewer: What are the activities in the classroom that help you learn kinematic 
graphs? 

Student 4: Our teacher discusses the topic and solves some problems. Sometimes 
she is fast. 

Interviewer: What will you do if the teacher is fast? 

Students 4: Sometimes if our teacher is fast, dili na mi makasabot, pero walay 
mangutana kay maulaw. (Sometimes, if we cannot catch up with the 
discussion, we don’t bother stopping the teacher because we are ashamed.) 

Interviewer: What do you think can help her improve on this? 

Student 4: Unta makahibaw si Ma’am kinsa iya mga studyante og mkasabot siya 
unsaon pag pasabot sa mga topics nga lisod. (Our teacher should know her 
students and she should know how to make the difficult topics 
understandable.) 
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 Instructor A noted that the difficult part was the preparation of the videos only because she said, “When the videos are 
ready, we can use it for several sessions.” The teacher implementers were also concerned on how the students would 
view the video at home particularly on whether they ever watch the video. This they cannot determine because they 
cannot go to every students’ houses. Instructor B considers this a problem as this may affect the result. 

 
While the clickers will provide information on students grasp of the videos, the “convince your neighbor” approach will 
make it hard to tell which student really watched and understood the videos given. 
 
Changes and/or irregularities in students The teacher implementers observed better attention of the students in the 
Flipped Classroom model than in the traditional method. Instructor A observed her students to be sharing their thoughts 
about the topic and using their own concepts while those in the traditional method were passive and mostly rely on the 
teacher.  

 
Instructor B pointed out that students were no longer ashamed to share their ideas to their seatmates. 

 
Changes in the way students understand the succeeding topicsTeachers can use the students’ confidence in 
kinematics graphs in the succeeding topics in physics. This will bring about better reception of the students to new ideas 
even beyond kinematics graphs. An unstructured interview after the semester reveals the performance of the students 
beyond kinematics graphs.  
Instructor A observed a better performance shown by those who were taught using the flipped classroom model as 
compared to the traditional method. 
 

 
Assessment of the overall experience in using the Flipped Classroom ModelFlipped Classroom Model was a fresh 
idea to the teacher implementers. Instructor B claimed that it was his first time to hear about the term ‘flipped-classroom 
model’. They liked the idea that this Model utilized recent technology. According to Instructor A, she finds flipped-
classroom model interesting especially the utilization of the technology which students are now engaged in using. The 
teacher implementers were positive about the new model when they were asked if they would use the model in teaching 
other topics. Instructor B is planning to make more videos especially now that he observed better performance of the 
students of the flipped-classroom model for kinematics graphs. They [teacher implementers] both agree that this model 
can enhance learning as they have observed an improvement on the students’ understanding of kinematics graphs when 
applied to other topics in physics after kinematics graphs. 
The analyzed data and supporting interviews gave a better picture of the results of this study.  The motivation level of the 
students in the experimental and control groups were at the high level category. This tells us that the students taking up 
the course [Physics I] were highly motivated and the intervention has not changed their level of motivation. The level of 
understanding kinematics graphs however has significant difference during the pretest with the control group being in 
level B and the experimental group in level A. However the posttest showed a highly significant gain by the experimental 
group compared to the control group. The intervention has positively affected the results of the posttest of the 
experimental group.  

“The results of the exams by the experimental group I taught kinematics 
graphs using the flipped classroom were better compared to those who had not 
experienced the flipped. I need to show more examples to the control groups 
compared with the experimental group.” 

“I think this is because the videos gave them confidence to express their take on the 
topics and they can now expound some ideas.” 

“I did not have to explain or review the concept of kinematics graphs to the 
students as much as I have before. They can easily understand how the graph 
works. There are a few who ask me to review some concepts but they managed to 
answer exercises in dynamics afterwards.” 

“When we gave out the videos, the student will have the liberty when to 
watch the videos. We cannot impose the time [of the day] and the duration of 
watching the videos. This we cannot check anymore.” 
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Assessments quantitatively illustrate the changes happening within the groups as well as among other groups when 
compared. The interviews supported the results through qualitative data which were equally important in highlighting the 
reasons for the quantitative results.  
 
CONCLUSION 
 
Students’ understanding of graphs in kinematics is a problem presented by instructors in physics. Understanding graphs 
in kinematics is considered an important skill to develop and improve. Instructors and researchers are now gearing 
towards utilizing relevant technologies to address this problem. Flipped Classroom Model utilizes the technology to 
make the students have the lecture at home through the recorded videos given to them. The results show that using the 
flipped classroom model had a positive effect on students’ level of understanding kinematics graphs. However, with the 
same study population, using the flipped classroom model has no effect on increasing students’ level of motivation which 
was already high from the start. 
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Abstract: This study focused on students’ perceptions on the use of an Electronics Kit (E-Kit) as a tool in developing 
and creating simple circuits as an investigatory project. The E-Kit is composed of several electronic components such as 
breadboard/ PCB, resistors, LEDs, ICs, transistors, connecting wires and a battery source. The E-Kit was used by 58 H4 
students from an all-girls school as the main structure of their investigatory project. The participants were divided based 
on their class standing – Top Class and Regular Class. The participants assessed the tool using a 17-item survey with a 4-
point Likert Scale. Using SPSS, results showed that three indicators or responses have resulted with significant difference 
on students perception with respect to their class standing with p> 0.05. Students’ responses to the indicators ranged from 
3.0 – 3.59 or Agree to Strongly Agree. With an overall mean of 3.32, E-Kit was seen to be an effective tool in helping 
students develops and create a simple circuit as their investigatory project. The data encouraged the educators of an all-
girls school to try E-Kit to help students unleash their potential and be more creative, patient, logical, time-wise and 
independent. 
 
Keywords: E-Kit, simple circuit, H4, class standing 
 
 
INTRODUCTION 
 

Philippines is now changing from the Revised Basic Education Curriculum (RBEC), which offers 10 years of 
basic education to the new K-12 Curriculum, which instead offers 12 years of basic education under DepEd Order no. 31 
s.2012. The Philippines Department of Education mentioned that it was found that it is the best number of years for 
learning of basic education and was recognized as standard for global students and professionals globally. Also, 
Philippines is one of the only three countries in the world that offers only 10 years of basic education. (DepEd, 2012) 

In science education, students under the old Revised Basic Education Curriculum (RBEC) take their science 
subjects in terms of discipline: H1 or 1st year takes integrated science, H2 or 2nd year takes Biology, H3 or 3rd year takes 
Chemistry and H4 or 4th year takes Physics.  However, with the country’s adaptation of the new K-12 system, the 
students will take all these disciplines in one year, following a spiral approach. 
Spiral approach is a teaching strategy in which learning takes gradually since students learn the basic principles first in 
their early years in school before moving to a more complex and complicated ideas and skills. (Ferido, 2016; 
Comparativ, 2014; Bruner, 1960, 1966, 1977)  

These changes in the curriculum have brought a lot of questions and discussions between government and 
educational institutions on how will this be implemented in the present economy. (Cruz, 2010, Abueva, 2015). Two more 
years in high school means two more years of students’ opportunity to learn new things and develop new and or existing 
skills. However, it also means two more years of teachers’ preparation of new and/existing lessons, activities and 
assessments and developing new techniques and strategies to answer the students’ needs. 

The research was conducted in an all-girls school in San Juan City, Manila. The participants were 58 H4 physics 
students that belong to the second to the last batch of RBEC. These girls came from different sections but can be 
classified as the top and regular class.  The two groups differ in the depth of the same lesson and the number of drills and 
exercises. Students who belong in the top class were given deeper discussion of the same lesson and a greater number of 
drills and exercises since they were considered as the batch’s cream of the crop. On the other hand, both groups were 
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taught with the same topics and same amount of time, were given the same experiments and assignments and were 
assessed with the same tests. 

These students take physics for the entire school year, 6 sessions a week and 50 minutes per session. Lectures 
were normally done inside the classroom for 50 minutes while laboratory experiments were done in the laboratory for 50-
100 minutes depending on the nature of the experiment. Investigatory project was also part of their requirement in 
science. Students will design and create their own physics project for the entire school year. In terms of the topic of 
electricity, students use alligator clips, power supply, bulb, bulb holder, ammeter, voltmeter, switch, and some other 
electrical devices in creating simple circuits. However, these components were not quite student friendly because of the 
high risk of students being electrocuted.  Also, experiments were limited in simple circuits since the costs of additional 
materials were quite expensive to cater at least 50 students. 

That’s why the researcher have thought of using a different set of components which will lessen the risk of 
accident but target the same competencies and will also open more opportunities for the students to explore like logic 
gates, arduino and the like. 

 
METHOD 
 

Students were given a chance to choose their Investigatory Project topic at the start of the school year. Students 
who chose to work on electronics were given the list of the materials of the Electronics Kit (E-Kit) instead of the 
materials they commonly use in the laboratory like alligator clips, power supply, bulb and the like, from the top and 
regular class. Instead, the E-kit contains breadboard, batteries, LEDS, resistors, capacitors, transistors, integrated circuit 
(IC), connecting wires and a multimeter. The students were given the entire school year to construct their product. On 
March, after submitting and presenting the final product, the students were asked to answer a survey online on the 
effectiveness of using E-Kit in doing their investigatory projects. 

The researcher has created a 4-point Likert scale with 17 questions to answer. The survey contains questions on the 
availability of the materials, the project construction, workability of the project, product testing and safety.  Reliability 
Test, Descriptive Statistics, T-test and Independent Sample T-Test were done in SPSS and the data were used to analyze 
and answer the following questions: 

1) How do the students perceive the use of E-Kit in doing their investigatory project in terms of: 
a) Availability of materials 
b) Project construction 
c) Workability of the project 
d) Product testing and 
e) Safety 

2) Is there any significant difference in students’ perception regarding the use of E-Kit when grouped according to 
class standing? 

3) Which of the following factors is the best predictor of the usage of E-Kit in constructing students’ IP? 
 
RESULT 
 

Students designed and constructed their investigatory project using E-Kit for one school year, June- March. 
After which, the 17-item survey instrument, which was validated by several science and statistics educators from 
different teaching institutions, was given to the students online. Students completed the survey questions using a 4-point 
Likert scale by which 4 as the strongly agree and 1 as the strongly disagree.  
  Using SPSS, a reliability test was used to assure that the items on the survey were consistent and correlated.  

Table 1.1 shows that as a group, the set of items are closely related (IDRE, UCLA, 2007) with a Cronbach’s 
Alpha value of 0.824. The questions given were consistent and correlated since the accepted value is 0.70. (Cronbach, 
1951; Nunnaly, 1978;Field, 2006, Gliem, 2003 ).  

The responses of the students to the 17 questions were used to examine the perception of 58 students in the use 
of E-kit. Mean score of each indicator was calculated using Descriptive Statistics. 

Table 1.2 shows that the mean scores of the given indicators range from 3.00-3.59. Using the Likert Scale, the 
average response of the students in using the E-Kit in doing their investigatory project lie between Agree and Strongly 
agree. 
 

To examine if there is a significant difference in students’ perception when grouped according to class standing, 
a Group Statistics and an Independent Sample T-test were done in SPSS. 
 

To know if there is a significant difference between variables, the assumption was p-value ≤ 0.05. 
 

From the table 1.3 and 1.4, T-Test revealed statistically significant differences between students’ perception in using 
the E-kit when grouped by Class standing only in terms of: 
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  ‘Product Construction requires a lot of logic and analysis’ (t= 3.208, df = 37.856, p< 0.01)  

Students in Regular Class (Mean = 3.47, SD = 0.507) reported significantly higher level of agreement than students who 
belong in Top Class (Mean = 2.75, SD = 1.076) 

 ‘There was an ample time given to test the product’ (t=-2.473, df = 56, p < 0.05) 
Students in the Top Class (Mean = 3.36, SD = 0.621) reported significantly higher level of agreement than the students 
who belong in Regular Class (Mean = 2.87, SD = 0.860) 

 ‘The Kit was recommended to be used during class discussion’ (t=-3.581, df = 43.33, p< 0.01) 
Students in Top Class (Mean = 3.86, SD = 0.356) reported significantly higher level of agreement than students who 
belong in Regular Class (Mean = 3.33, SD = 0.711) 
 

P-value of other indicators did not show significant difference in relation to students’ class standing in which p-
values ≥0.05. 20 

Table 1.5 shows that the best indicator of the effectiveness of E-Kit is ‘The kit was recommended to be used 
during laboratory experiments’ which means that the students want the other students to be exposed in the use of E-Kit 
especially during laboratory activities. On the other hand, the least indicator is ‘Availability of materials in hardware 
stores’ which means that the students had a hard time looking for the needed materials in the hardware stores.  
 
CONCLUSION 
 
Descriptive Statistics shows that the overall mean of the use of E-Kit is 3.32, which means that the students agree that E-
Kit is an effective tool in doing their investigatory project. Using T-Test, the indicator ‘Product Construction requires a 
lot of logic and analysis’ (t= 3.208, df = 37.856, p< 0.01) has a significant difference in relation to class standing. 
Students in Regular Class (Mean = 3.47, SD = 0.507) reported significantly higher level of effectiveness than students 
who belong in Top Class (Mean = 2.75, SD = 1.076). Also students’ perception that ‘The Kit was recommended to be 
used during class discussion’ (t=-3.581, df = 43.33, p< 0.01) has a significant difference in relation to class standing. 
Students in Top Class (Mean = 3.86, SD = 0.356) reported significantly higher level of effectiveness than students who 
belong in Regular Class (Mean = 3.33, SD = 0.711). ‘There was an ample time given to test the product’ (t=-2.473, df = 
56, p < 0.05) 

Students in the Top Class (Mean = 3.36, SD = 0.621) reported significantly higher level of agreement than the 
students who belong in Regular Class (Mean = 2.87, SD = 0.860). Lastly, by ranking the indicators in terms of their 
means, the best indicator of the effectiveness of E-Kit was ‘The kit was recommended to be used during laboratory 
experiments’, which means that the students want the other students to be exposed in the use of E-Kit especially during 
laboratory activities. On the other hand, the least indicator was ‘Availability of materials in hardware stores’ which 
means that the students had a hard time looking for the needed materials in the hardware stores. 
 
Recommendation 
This research can be improved by increasing the number of student participants. Additional variables could also be 
included like subject preference, previous science grades, future college courses and the like.  
Based on the given indicators, the students agreed and recommended that the E-Kit will be used as a tool in class 
discussion, experiments and project construction. 
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Tables 

Table 1.1 Reliability Statistics 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Table 1.2 Mean Scores of Students’ Perception in the Use of E-Kit  
 

 N Minimum Maximum Mean Std. 
Deviation 

Variance

Availability of materials in hardware stores 58 1 4 3.00 .858 .737 

Materials cost less than 500 56 2 4 3.13 .689 .475 

There was an ample time given to build the product 58 2 4 3.48 .569 .324 

The students applied their knowledge in electricity in 
constructing the product 

58 2 4 3.33 .711 .505 

Students did an advance study in electronics 58 1 4 3.19 .783 .613 

Product construction requires a lot of patience 58 2 4 3.72 .523 .273 

Product construction requires a lot of logic and analysis 
58 1 4 3.12 .900 .810 

There was an ample time given to test the product 
58 2 4 3.10 .788 .621 

Students applied their knowledge in electricity in testing 
the product 

58 2.0 4.0 3.241 .7086 .502 

Product can be tested using multi meter o 
58 2 4 3.14 .782 .612 

Students were successful in building the circuit 58 2 4 3.28 .744 .554 

The constructed circuit answers the main and sub problem 
of the study 

58 2 4 3.14 .511 .261 

Case Processing Summary
 N % 
Cases Valid 57 98.3

Excludeda 1 1.7
Total 58 100.0

a. Listwise deletion based on all variables in the 
procedure. 

 

Cronbach's Alpha N of Items 

.824 17 
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Same materials could be used at home, school etc 58 2 4 3.33 .604 .364 

Students were safe in using the materials 58 2 4 3.36 .667 .446 

The kit was recommended to be used by the next physics 
students 

58 3 4 3.52 .504 .254 

The kit was recommended to be used during class 
discussion 

58 2 4 3.59 .622 .387 

The kit was recommended to be used during laboratory 
experiments 

58 3 4 3.52 .504 .254 

Valid N (listwise) 
56      

 
 
 
 

Table 1.3 Mean Scores of Students’ Perception in the Use of E-Kit according to Class Standing 
 

 

 
 

Table 1.4 Levene’s Test, T-value and Degrees of Freedom of Students’ Perception in Relation to Class Standing 

 
Class' 
Standing 

N Mean Std. 
Deviation 

Std. Error 
Mean 

Availability of materials in hardware stores 
Regular 30 2.97 .765 .140
Top 28 3.04 .962 .182

Materials cost less than 500 
Regular 30 3.10 .662 .121
Top 26 3.15 .732 .143

There was an ample time given to build the product 
Regular 30 3.43 .504 .092
Top 28 3.54 .637 .120

The students applied their knowledge in electricity in constructing 
the product 

Regular 30 3.50 .572 .104
Top 28 3.14 .803 .152

Students did an advance study in electronics 
Regular 30 3.27 .691 .126
Top 28 3.11 .875 .165

Product construction requires a lot of patience 
Regular 30 3.63 .615 .112
Top 28 3.82 .390 .074

Product construction requires a lot of logic and analysis 
Regular 30 3.47 .507 .093
Top 28 2.75 1.076 .203

There was an ample time given to test the product 
Regular 30 2.87 .860 .157
Top 28 3.36 .621 .117

Students applied their knowledge in electricity in testing the product 
Regular 30 3.267 .5208 .0951
Top 28 3.214 .8759 .1655

Product can be tested using multi meter o 
Regular 30 3.20 .761 .139
Top 28 3.07 .813 .154

Students were successful in building the circuit 
Regular 30 3.27 .740 .135
Top 28 3.29 .763 .144

The constructed circuit answers the main and sub problem of the 
study 

Regular 30 3.17 .379 .069
Top 28 3.11 .629 .119

Same materials could be used at home, school etc 
Regular 30 3.20 .664 .121
Top 28 3.46 .508 .096

Students were safe in using the materials 
Regular 30 3.20 .664 .121
Top 28 3.54 .637 .120

The kit was recommended to be used by the next physics students 
Regular 30 3.47 .507 .093
Top 28 3.57 .504 .095

The kit was recommended to be used during class discussion 
Regular 30 3.33 .711 .130
Top 28 3.86 .356 .067

The kit was recommended to be used during laboratory experiments 
Regular 30 3.47 .507 .093
Top 28 3.57 .504 .095
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Independent 
Samples Test 

Levene's Test 
for Equality of 

Variances t-test for Equality of Means

F Sig. t df 

Sig. 
(2-

tailed
) 

Mean 
Differe

nce 

Std. 
Error 

Differenc
e 

95% 
Confidence 
Interval of 

the 
Difference 

Lower 
Uppe

r 
Availability of 
materials in 
hardware stores 

Equal 
variances 
assumed 1.151 0.288 

-
0.304 56 0.763 -0.069 0.227 -0.525 0.386 

Equal 
variances 
not 
assumed 

-
0.301 51.564 0.764 -0.069 0.229 -0.529 0.391 

Materials cost less 
than 500 

Equal 
variances 
assumed 0.821 0.369 

-
0.289 54 0.774 -0.054 0.186 -0.427 0.32 

Equal 
variances 
not 
assumed 

-
0.287 50.94 0.775 -0.054 0.188 -0.43 0.323 

There was an ample 
time given  to build 
the product 

Equal 
variances 
assumed 1.95 0.168 

-
0.681 56 0.499 -0.102 0.15 -0.404 0.199 

Equal 
variances 
not 
assumed 

-
0.676 51.414 0.502 -0.102 0.152 -0.407 0.202 

The students 
applied their 
knowledge in 
electricity in 
constructing the 
product 

Equal 
variances 
assumed 2.796 0.1 1.96 56 0.055 0.357 0.182 -0.008 0.722 
Equal 
variances 
not 
assumed 1.938 48.504 0.059 0.357 0.184 -0.013 0.728 

Students did an 
advance study in 
electronics 

Equal 
variances 
assumed 1.025 0.316 0.773 56 0.443 0.16 0.206 -0.254 0.573 
Equal 
variances 
not 
assumed 0.767 51.389 0.447 0.16 0.208 -0.258 0.577 

Product 
construction 
requires a lot of 
patience 

Equal 
variances 
assumed 8.246 0.006 -1.38 56 0.173 -0.188 0.136 -0.461 0.085 
Equal 
variances 
not 
assumed -1.4 49.507 0.168 -0.188 0.134 -0.458 0.082 
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Product 
construction 
requires a lot of 
logic and analysis 

Equal 
variances 
assumed 14.126 0 3.28 56 0.002 0.717 0.218 0.279 1.154 
Equal 
variances 
not 
assumed 3.208 37.856 0.003 0.717 0.223 0.264 1.169 

There was an ample 
time given to test 
the product 

Equal 
variances 
assumed 5.02 0.029

-
2.473 56 0.016 -0.49 0.198 -0.888

-
0.093

Equal 
variances 
not 
assumed 

-
2.501 52.773 0.016 -0.49 0.196 -0.884 

-
0.097 

Students applied 
their knowledge in 
electricity in testing 
the product 

Equal 
variances 
assumed 17.665 0 0.279 56 0.781 0.0524 0.1877 -0.3237 

0.428
4 

Equal 
variances 
not 
assumed 0.274 43.364 0.785 0.0524 0.1909 -0.3325

0.437
3

Product can be 
tested using multi 
meter o 

Equal 
variances 
assumed 0.044 0.835 0.622 56 0.536 0.129 0.207 -0.286 0.543 
Equal 
variances 
not 
assumed 0.621 54.98 0.537 0.129 0.207 -0.287 0.544 

Students were 
successful in 
building the circuit 

Equal 
variances 
assumed 0.087 0.769 

-
0.097 56 0.923 -0.019 0.197 -0.414 0.376 

Equal 
variances 
not 
assumed 

-
0.096 55.434 0.924 -0.019 0.198 -0.415 0.377 

The constructed 
circuit answers the 
main and sub 
problem of the 
study 

Equal 
variances 
assumed 3.319 0.074 0.44 56 0.662 0.06 0.135 -0.211 0.331 
Equal 
variances 
not 
assumed 0.433 43.732 0.667 0.06 0.138 -0.218 0.337 

Same materials 
could be used at 
home, school etc 

Equal 
variances 
assumed 0.243 0.624 

-
1.693 56 0.096 -0.264 0.156 -0.577 0.048 

Equal 
variances 
not 
assumed 

-
1.709 53.962 0.093 -0.264 0.155 -0.574 0.046 

Students were safe 
in using the 
materials 

Equal 
variances 
assumed 0.119 0.732 

-
1.961 56 0.055 -0.336 0.171 -0.679 0.007 

Equal 
variances 
not 

-
1.964 55.954 0.054 -0.336 0.171 -0.678 0.007 
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assumed 

The kit was 
recommended to be 
used by the next 
physics students 

Equal 
variances 
assumed 0.298 0.587 

-
0.788 56 0.434 -0.105 0.133 -0.371 0.161 

Equal 
variances 
not 
assumed 

-
0.788 55.776 0.434 -0.105 0.133 -0.371 0.161 

The kit was 
recommended to be 
used during class 
discussion 

Equal 
variances 
assumed 24.051 0 

-
3.507 56 0.001 -0.524 0.149 -0.823 

-
0.225 

Equal 
variances 
not 
assumed 

-
3.581 43.333 0.001 -0.524 0.146 -0.819 

-
0.229 

The kit was 
recommended to be 
used during 
laboratory 
experiments 

Equal 
variances 
assumed 0.298 0.587 

-
0.788 56 0.434 -0.105 0.133 -0.371 0.161 

Equal 
variances 
not 
assumed 

-
0.788 55.776 0.434 -0.105 0.133 -0.371 0.161 

 
 
 

 
Table 1.5 Ranking of the Indicator 

 
 

Source Variable Function New Variable Label 
Availability_storesb Rank RAN001 Rank of Availability_stores by Section 
Availability_Costb Rank RAN002 Rank of Availability_Cost by Section 
Project_Construction_Timeb Rank RAN003 Rank of Project_Construction_Time by Section 
Project_Construction_Knowledgeb Rank RAN004 Rank of Project_Construction_Knowledge by Section
Project_Construction_Adv.Studyb Rank RAN005 Rank of Project_Construction_Adv.Study by Section 
Project_Construction_Patienceb Rank RAN006 Rank of Project_Construction_Patience by Section 
Project_Construction_Logicb Rank RAN007 Rank of Project_Construction_Logic by Section
Product_Testing_Timeb Rank RAN008 Rank of Product_Testing_Time by Section 
Product_Testing_Applicationb Rank RAN009 Rank of Product_Testing_Application by Section 
Product_Testing_Measurementb Rank RAN010 Rank of Product_Testing_Measurement by Section
Workability_Successb Rank RAN011 Rank of Workability_Success by Section 
Workability_Answers_problemsb Rank RAN012 Rank of Workability_Answers_problems by Section 
Workability_Applicationb Rank RAN013 Rank of Workability_Application by Section 
Safetyb Rank RAN014 Rank of Safety by Section 
Suggestions_Usageb Rank RAN015 Rank of Suggestions_Usage by Section 
Suggestions_Exposure_Classroomb Rank RAN016 Rank of Suggestions_Exposure_Classroom by Section
Suggestions_Exposure_Labb Rank RAN017 Rank of Suggestions_Exposure_Lab by Section 
a. Mean rank of tied values is used for ties. 
b. Ranks are in ascending order. 

Appendix 
 
 

Survey Form (for H4 Students only) 

Scale Interpretation 
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Name: ______________________________________________ 
 Section: _____________________________ 
Title of the Study: 
_____________________________________________________________
________________________________ 
 
Directions: Please read each statement carefully and assess the availability of materials, project construction, product 
testing, workability and safety in using E-Kit (breadboard/PCB, resistors, ICs, transistors, connecting wires, LEDs and 
battery) in doing your investigative project by putting a check on the column that corresponds to your answer. The scale 
on the right will guide you in your response. 

 
 Rating 
 (SA

) 
4 

(
A
) 
3 

(D) 
2 

(SD
) 
1 

Availability of Materials     
1. The electronic components needed in circuit construction can be easily purchased in the 

hardware store, supermarket or department store. 
    

2. The electronic components needed in the construction of the product are cheap (cost less than 
P500) 

    

Project Construction     
3. There was an ample amount of time to build the product.     

4. The researchers applied their knowledge in electricity in constructing the product.     

5. The group did an advance study in electronics including resistor and logic gates analysis to be 
able to construct the circuit. 

    

6. The construction of the product requires a lot of patience.     

7. The construction of the product requires a lot of logic and analysis of circuit connection.     

     
Product Testing     

8. There was an ample amount of time to test the product.     

9. The group applied their knowledge in electricity in testing the product.     

10. The functionality of the product can be easily tested using the multi meter or sensors that can be 
found in the laboratory. 

    

Workability     
11. The group was successful in building/ constructing the circuit by using the electronic 

components and following the circuit diagram. 
    

12. The constructed circuit answers the main and sub problems of the research.     

13. The same materials could be used to develop products that could be useful in the community 
such as homes, highways and schools. 

    

Safety     
14. The electronic components help the researchers to discover the function of each without any 

fear of being electrocuted. 
    

Suggestions/ Recommendations     
15. The group recommends these materials to the next physics students in doing their investigatory 

projects. 
    

16. The group recommends the exposure of students to these electronic components to be used in 
class discussions. 

    

17. The group recommends the exposure of students to these electronic components to be used in 
laboratory experiments. 

    

Additional Comments: 
 

 
 

4 Strongly Agree 
3 Agree 
2 Disagree 
1 Strongly Disagree 
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Abstract: The purpose of this research was to: (1) Develop formal reasoning skills through subject matter calculus in 
students in the Departement of Mathematics Education and Natural Science at Halu Oleo University; and (2) to compare 
formal reasoning ability and learning outcomes of students who are given formal teaching of reasoning skills and with 
students who are not  learning formal reasoning. The study involved students in the first semester in the Department of 
Mathematics Education and Natural Science undertaking one of four Study Programs: Mathematics Education 51 
students, Physical Education 54 students, Biology Education 50 students, and Chemical Education 35 students. Of the 
four courses above, the Physical Education Studies Program to be a place of learning implementation of formal reasoning 
skills. The results of this research showed that the reasoning abilities of students in the Departement of Mathematics 
Education and Natural Science is generally already at the stage of combinatorics either through teaching or without the 
teaching of formal reasoning skills. However, through the teaching of formal reasoning, student’s skills showed a higher 
increase compared to students where there were no formal reasoning skills taught. This means that the teaching of formal 
reasoning skills can accelerate the improvement of student reasoning abilities. 

 
Keywords: Formal Reasoning skills, subject matter Calculus 
 
 
INTRODUCTION 
 

Generally, the first semester students in the Departement of Mathematics Education and Natural Science at Halu 
Oleo University in the first year have not been able to adjust to the programmed course. It can be seen from the average 
index of new student achievement in each year generally remained below 2.5. It is assumed that the poor performance is 
caused by a new student level of cognitive development they have not all of them are at the stage of formal operations. 
That assumption can be shown on the survey results of Formal Reasoning Ability first semester students Department of 
Mathematics Education and Natural Science Halu Oleo University as the following table 1. 
Table 1. Preliminary data Formal Reasoning Ability Student in the Departement of Mathematics Education and Natural 

Science at Halu Oleo University 

No. level Reasoning 
Mathematics Physics  Chemistry  Biology 
∑ % ∑ % ∑ % ∑ % 

1. Proportional 40 78,4 41 75,9 20 40 17 48,6 
2. Control of variable 28 54,9 11 20,4 11 22 15 42,8 
3. probabilistic 6 11,7 5 9,2 4 8 2 5,7 
4. Correlational 30 58,8 19 35,8 20 40 11 31,4 
5. Combinatorics 4 7,8 5 9,3 7 14 11 31,4 

∑ 51 54 50 35 
Mean 3,53 2,35 1,48 2,29 

 
Based on Table 1 above, it appears that the initial formal reasoning ability students in the Departement of 

Mathematics Education and Natural Science at Halu Oleo University prior to the lecture is still low and still at the stage 
of proportion. Therefore, for a particular semester student in the Departement of Mathematics Education and Natural 
Science at Halu Oleo University very necessary given Formal Reasoning Skills teaching with the aim that they can adapt 
/ follow easily the material on subjects that are programmed.   
 According Numedal S.G. (1991) that in general there are two models of Reasoning Skills are given to the 
students, namely providing courses of formal reasoning separately / stand alone, and formal reasoning skills training 
through the topic / content on a certain subject. Some psychologists agree to provide formal reasoning skills through a 
particular course, for reasons of time efficiency. 
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Theoretically, the ability of each individual reasoning is tiered based on the individual's level of development, 
and intellectual development of each individual tailored to the child's age. This is in consistence with Piaget theory (in 
Omrod, Jeanne Ellis, 2012) that each individual experience levels of intellectual development, namely: (a) The level of 
sensorimotor thinking; estimated age 0-2 years, (b) the level of pre-operational thinking; estimated age 2-7 years, (c) 
Level think concrete operations; estimated age 7-12 years, and (d) level of thinking of formal operations; estimated age 
12 years and above. Of the four steps above, when taken in conjunction with the child's age and developmental level of 
formal education, the first semester students already at the stage of formal operations.  

Furthermore, the formal operations also are the stages starting from a low level to a higher level. According 
Piaget and Inhelder (in Muh.Nur, 1991: 5) that formal operations are classified into five types, namely: 

a. Proportional Reasoning; According to Piaget, Proportional Reasoning as a qualitative structure that enables 
understanding of complex systems-physical systems containing many factors. Understanding of complex 
physical systems is understanding relating to the proposition or ratio. For example, note the comparison between 
a and b is 3, a and c is 2. What is the comparison of a and c? To answer this question, the process of thinking of 
children are at proportional reasoning. 

b. Controlling variables; According to Piaget, formal reasoning can set and control certain variables of the 
problem. For example, when children understand the conservation of such a pendulum motion, the pendulum 
can move quickly or slowly depending on the length of the rope. 

c. Probabilistic Reasoning; According to Piaget, Probabilistic Reasoning as a reasoning which uses the information 
to decide the possibility of right or wrong of a conclusion. 

d. Reasoning correlations; According to Lawson, Reasoning correlations are a thought pattern that is used for 
someone to break the strong reciprocal relationship between the two variables. Correlational reasoning involves 
the identification and verification of the relationship between variables. 

e. Reasoning Combinatorics; According to Vantina, Combinatorics reasoning is the ability to consider all possible 
alternatives in certain situations. Individuals who perform formal operations when solving a problem would be 
to use the whole combination / factors that might be related to the problem. 
Based on the above, the authors have designed a material on development of calculus by slipping formal 

reasoning skills. Form of formal skills developed in the calculus of teaching materials is a matter of adjusting the level of 
difficulty in the examples and exercises lead to the level of formal reasoning, ie, proportional reasoning, Control 
Variables, Probabilistic, correlations, and combinatorics. The introduction of formal reasoning skills will stimulate 
cognitive level so that students can improve their formal capabilities.  
 The issues to be achieved from the implementation of this study are: (a) What form of formal reasoning skills 
development through subject matter Calculus ?, (b). Are there differences in the results of formal reasoning skills of 
students between the application of formal reasoning and without formal reasoning skills in students in the Departement 
of Mathematics Education and Natural Science at Halu Oleo University? 
 
METHODS OF RESEARCH 
 
Subjects of Research 
 The research was conducted in the first semester students Department of Mathematics Education and Natural 
Science Halu Oleo University, consisting of 4 Study Program are: Mathematics Education there are 51 people, 54 people 
Physical Education, Biology Education there are 50 people, and there are 35 people of Chemical Education. Of the four 
courses above, Physical Education Studies Program to be a place of learning implementation of formal reasoning skills. 
 To measure whether the child is located on the fifth stage of formal operations is through a test called the 
Formal Reasoning Ability Test (TKPF). This test is an adaptation of TOLF (Test of Logical Thinking) developed by 
Kenneth Tobin and William Cupic around 1980 and was first developed in Indonesia by Muh Nur 1991. This test 
consists of 10 items and measures five aspects of formal reasoning ability in above, namely items 1 and 2 measure 
proportional reasoning, items 3 and 4 measure pengotrolan variables, items 5 and 6 measure probabilistic reasoning, 
items 7 and 8 gauge correlational reasoning, as well as items 9 and 10 gauge reasoning combinatorics. 
 Before implemented learning student reasoning skills, first given formal reasoning ability tests (TKPF). This test 
aims to see more early formal reasoning ability of students from in the Departement of Mathematics Education and 
Natural Science at Halu Oleo University before getting a lecture. Furthermore, the learning of reasoning skills has been 
undertaken through teaching materials on Calculus on students for semester one. After the end of the semester, students 
diteskan back test the ability of formal reasoning in the experimental class (Physical Education), which is to see an 
increase in formal reasoning ability of students after learning given formal reasoning skills. While other classes saw an 
increase in formal reasoning abilities of students after learning without learning given formal reasoning skills. 
 
 
RESEARCH RESULTS AND DISCUSSION 
 
Research Results 
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Shape of Development Formal Reasoning Skills through Subject Matter Calculus  
Development of formal reasoning skills through subject matter Calculus refer to the Calculus and Analytic 

Geometry book, written by Purcell. However, examples of questions and exercises adapted to the 10-point test in TKPF 
which represents the fifth stage of formal reasoning according Piaget and Inhelder. The forms of teaching has been given 
as follows: 
1). Proportional reasoning. 

The material taught: Inequality 
Step by Step Learning: 
a). Lecturer explains the notion of inequalities: linear, quadratic, and burst function, and give examples of each of 

these inequalities and how to determine the set of settlement. 
b). Students are trained to solve problems of inequality with the changing forms of the equation of the examples 

given by the lecturer. Thus, in solving these inequalities students compare with the completion of the form given 
by the lecturer.  

The shape of the sample questions of the lecturer: 
- x + 4 ≥ 1 (linear inequalities) 
- x2 - x – 12 < 0 (quadratic inequalities) 

- 
1

4




x
x

 > 0   (inequality burst function) 

Forms of matter which trained students 
- 3x – 4< x+6 
- 2x2 + x -6> 0 

- 
2

3




x
x

 < 2x+1 

2). Controlling variables. 
The material taught: Absolute Value 
Step by Step Learning: 
a). Lecturers explain the meaning and properties of the Absolute Value. 
b). Students are trained to solve problems based on the absolute value of the definition and properties of the 

Absolute Value  

Definition of Absolute Value:  │x│= 








0,

0,

xx
xx

  

The properties of the absolute value: 1. │x│< a    -a < x < a 

                                             2.  │x│ b     x b or  x b  
Forms of matter are trained: 
Determine the set of settlement of: 
       -        │x│ + 4 < 3        (using the definition of the absolute value) 
 -         │x + 2│ ≥ 1             (using the properties of the absolute value) 
 -         │x - 3│ > │x + 2│  (using the definition and properties of the absolute value)  

 
3). Probabilistic Reasoning. 

The material taught: Straight Line Equations and Graphs 
Step by Step Learning: 
a). Lecturer explain the meaning of straight lines and steps to draw graphs of equations. 
b). Students are trained to determine the form of the equation and draw a straight line graph of the equation by 

choosing the right among the forms straight line equation and the graph of the equation that has been prepared.  
Forms of matter are trained: 
(1). Among forms a straight line following equation, which is it? 
      (a)  y = 4(x-1)   (c)  y = 5   (e)  y = 3 – 4x 
 (b)  y = 0x + 1   (d)  y =  100x 

 

 

(2).        Y                                 f 

 
 

 

223



 

 

 
 
 
 
 
         0       X 
           

 
 
 
 
 
 
 
Form of the equation that satisfies the above chart is 
(a) y = ax2 +bx +c; a > 0, D > 0 (d)  y = ax2 +bx +c; a > 0 
(b) y = ax2 +bx +c; a > 0, D < 0 (e)  y = ax2 +bx +c; D > 0 
(c) y = ax2 +bx +c; a < 0, D > 0 

 
4). Reasoning correlations. 

The material taught: Functions and Graphs 
Step by Step Learning: 
a). Lecturer explains the notion of function, types of functions, and how to draw graphs of functions. 
b). Students are trained to associate the relationship between understanding the function of the graph of a function or 

vice versa, based on the domain, codomain, and range.  

Forms of matter are trained:  

      (1). Unknown function  f(x) = 








2,1

2,2

xx
xx

    

            If  f (x) a function? Draw the graph.   
     (2). A graph-shaped  
                                                                 Y 
 
 
                                                                                                                              f 
                                                                    2                                               º 
 
                                                                        1 
 
                                                                    0                                               4       X 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
   Is the above graph is a function? Write the equation. 

 (3). Determine the domain and range of functions  f(x) = 1x  
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 (4). Determine the domain and range of a function whose graph is as follows:  
                                     Y                                                  f 
                                                                                           
 
 
 
                        -2            0                                                           X 

   
 
 
 
 
 
 
5). Reasoning Combinatorics. 
      Material: Trigonometry Functions 

a). Lecturer explain the meaning Sinus, Cosinus, and tangent along with its properties.  
b). Students are trained to determine the likely size of the angle that occurs when the value of Sinus, Cosinus, and 

tangent is known, and vice versa.  
Forms of matter are trained: 

 (1) Determine the price of x that satisfy if: 
  (a)  Sin x = ½   (c)  Tg x =  1 
  (b)  Cos x = ½√2  
 (2). Determine the possible values of sinus, cosinus, and tangent that occur from: 
  (a)  Sin k(30)▫, if  k = 1,2,3, … ,n. 
  (b)  Cos k(60)▫, if  k = 1,2,3, … ,n. 
  (c)  Tg k(135)▫, if  k = 1,2,3, … ,n.  
 
 
Results of Development Formal Reasoning Skills in the First Semester Students Department of Mathematics 
Education and Natural Science Halu Oleo University   

It has been stated above that the implementation of the development of Formal Reasoning Skills in Physical 
Education Study Program, while three other programs without teaching Formal Reasoning Skills. The Formal Reasoning 
Ability test results after the implementation of lectures using formal and teaching skills without formal reasoning skills 
instruction, such as the following table.  

 
Table 2: Data of Formal Reasoning Ability Student Department of Mathematics Education and Natural Science 

Halu Oleo University After Learning 

No. level Reasoning 
Mathematics Physics  Chemistry  Biology 
∑ % ∑ % ∑ % ∑ % 

1. Proportional 41 80,4 41 75,9 20 40 17 48,6 
2. Control of variable 30 58,8 17 31,5 12 22,2 17 48,6 
3. Probabilistic 10 19,6 12 22,2 2 4 6 17,1 
4. Correlational 35 68,6 46 85,2 21 42 24 68,6 
5. Combinatorics 40 78,4 48 88,9 30 60 20 57,1 

∑ 51 54 50 35 
Mean 4,37 4,76 2,17 2,94 

 
Discussion of Research Results 

Sample questions and exercises in learning formal reasoning through calculus teaching materials conform with 
the fifth stage of formal reasoning according Piagiat and Inhelder. 

The first form of matter (proportional reasoning); Forms of learning, the lecturer gives examples of the 
inequality topic complete with its completion. Students are trained to resolve the problem by changing the shape of the 
sample questions provided by the lecturer. So that students can compare the form of completion sample questions given 
by lecturers with problem solving was doing. When students are trained and able to resolve the matter, the form of 
student reasoning stage already at the stage proporsiaonal according Piaget and Inhelder. 

225



 

 

The second form of matter (reasoning control variable); Forms of learning, the lecturer explain some definitions, 
theorems, and certain properties within a topic absolute value. Students are trained to solve problems in the topic based 
on the understanding of the definition or the properties of a particular concept. When students are trained and able to 
complete the form about by definition and properties of a particular concept or variable then reasoning stage students 
already at the stage of control variables according Piaget and Inhelder. 

The third form of matter (probabilistic reasoning); Forms of learning, lecturers provide learning to students 
about the meaning of some topic calculus. Students are trained to determine the positive examples and negative examples 
of elements of the topic based on the results of his own thoughts. When students are trained and able to determine the 
positive examples and negative examples of elements of the topic based on the results of his own thinking reasoning 
stage students already at the stage probabilistic according Piaget and Inhelder. 

The fourth form of matter (correlational reasoning); Forms of learning, teaching faculty provide feedback to 
students to flip between questions and answers, for example: (1) to draw the graph of a function when a certain unknown 
function, and vice versa specify a particular function when the graph function is known, (2) determine the domain and 
range based on the equation functions and graphs based on specific functions. When students are trained and able to 
connect on a reciprocal basis between drawing graphs of functions and certain functions of the equation reasoning stage 
students already at the stage of correlational reasoning according Piaget and Inhelder. 

The fifth form of matter (reasoning combinatorics); Forms of learning, lecturers provide learning to students in a 
particular topic, then students are trained to determine several possible correct answers of a problem based on the results 
of his own thoughts. When students are trained and able to determine several possible correct answers of a problem based 
on the results of his own thinking reasoning stage students already at the stage of the combinatorial reasoning according 
Piaget and Inhelder.   

Based on data table 2, when viewed average value and the percentage of each stages of formal reasoning on 
each program of study has been increased compared with the beginning of formal reasoning ability, and general 
reasoning student has reached a stage penlaran combinatorics. This means, giving lectures on the subject is given a 
certain kind of formal reasoning skills and without learning formal reasoning skills have improved formal reasoning 
abilities of students. Similarly, when viewed in the magnitude of the increase in the average value and the percentage of 
each of the stages of formal reasoning on each of the study program Physical Education courses is higher compared to 
other courses in the Department of Mathematics Education and Natural Science Halu Oleo University. This means of 
development Formal Reasoning Skills through subject matter Calculus can accelerate the increase in reasoning ability 
student Department of Mathematics Education and Natural Science Halu Oleo University 

As a result of the implementation of learning in addition to formal reasoning can improve formal reasoning 
ability students can also improve math learning outcomes. This is consistent with the results of La Misu (2003) that the 
learning outcomes of students in subjects who were given learning Calculus formal reasoning skills higher than 
conventional learning. However, the authors do not explore the link between the stages of formal reasoning skills by 
Peagiet and Inhelder with cognitive stages according to Bloom's Taxonomy. 
 
 
CONCLUSIONS 
 
 Based on the above discussion, it can be concluded that 
1.  Form of development formal reasoning skills through specific materials is to train students with problems of specific 

teaching materials to follow the stages of formal operations proposed by Piaget and Inhelder.  
2.  Development of Formal reasoning skills through specific materials can accelerate the increase in formal reasoning 

ability and learning outcomes of students from the Department of Mathematics Education and Natural Science Halu 
Oleo University. 

 
ADVICE 

Based on the above results, it is suggested to the Guidance and Counseling Department of Mathematics 
Education and Natural Science Halu Oleo University that teaching materials given to students tuck questions that have 
high reasoning power because it can speed up the formal ability students. Thus, also can improve student learning 
outcomes.  
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Abstract: Instructional models receive less attention from teachers in implementing the learning process. Students Team 
Achievement Division (STAD) cooperative learning model was chosen to improve the existing processes for these 
models excel in helping students understand difficult concepts. The purpose of this study was to determine whether there 
is an increase in self-esteem, metacognitive skill, and mastery of the concept of the students through the implementation 
of STAD cooperative learning in mathematics learning. One Group Pre-test - Post-test weak experiment design was used 
in this study. The research subjects were students of grade 7 SMPK Penabur Kelapa Gading. Three instruments were 
used in this study, namely, self esteem assessment questionnaire, metacognitive skill assessment questionnaire and 
concept mastery essay test. Wilcoxon Signed Ranks Test was used to test whether there is a difference in the value of the 
pre-test and post-test on the assessment of self-esteem, metacognitive skills, and mastery of concepts. The test results 
shows a significant difference in the value of self-esteem, metacognitive skill, and mastery of concepts between the pre-
test and post-test. 
 
Keywords: concept mastery, mathematics learning, metacognitive skill, STAD cooperative learning model, self esteem 
 
 
INTRODUCTION 
 

Mathematics helps children to build a strong foundation for success in school and understand the things that 
happen in the real world. Mathematics, in everyday life, can be used as tools for understanding human’s social, 
economic, and natural environment. Based on the interviews, it was shown that students feel sure about it, but most of 
them feel that they do not have adequate ability in mathematics. There are three things that are of concern. The first thing 
is that the need for students self-esteem have not been met so that they can not actualize themselves. Students were 
reluctant to express their opinions because they feel that they do not have the ability to explain. They miss the 
opportunity to develop a sense of belonging. When the students seem to feel that they have nothing to offer to the group, 
they withdraw from other class activities. The second thing is that the learning process in school has not given attention 
to the development of students' metacognitive skills. Students find it difficult to combine the information they need to 
solve problems. Students are not accustomed to evaluate the work and it leads to the recurring mistakes. The third thing 
is the average score obtained is only slightly above the passing standard. Although additional and remedial classes have 
already been conducted, but the results are not optimal. The learning process that took place today is still a teacher-
centered where students tend to just listen to the explanations of the teacher. Therefore, to increase students self-esteem, 
metacognitive skills, and concepts mastery, the learning process needs to be repaired. STAD cooperative learning has 
been chosen to be the instructional model. According to some experts, this model excels in helping students understand 
difficult concepts. STAD cooperative learning has been applied to the study of mathematics for students in grade 7 
SMPK Penabur Kelapa Gading with the topic "Statistical Data Handling". The aims of this study is to determine the 
increase in students self-esteem, metacognitive skills, and concepts mastery through the implementation of STAD 
cooperative learning of mathematics. 
 
Mathematics Learning 
 Stein (2007: 285) argues that mathematics focuses on the idea of mathematics teaching methods that encourage 
students to engage in discussions to make assumptions, questions, and agreement on an issue with the aim to discover 
important concepts in mathematics. This opinion is also supported by Truxaw and DeFranco (2007: 269), who argues 
that the involvement in the discussion of mathematics is an important first step in understanding mathematics. National 
Council of Teachers of Mathematics (NCTM) establishes five components that must be present in mathematics learning : 
(1) solving problems, (2) thinking and evidence, (3) communication, (4) linkages, (5) the representation (NCTM 
Executive Summary, 2000). Mathematics learning in the classroom should involve the students actively in order to 
optimize the use of  their ability in solving mathematical problems. 
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Self Esteem 
Lerner and Spanier (1980) defined self-esteem as the degree of positive or negative assessment associated with the 

concept of a person. John Santrock (1998) argued that self-esteem is a holistic self-assessment. Coopersmith (Thomas 
Crowl et al, 2001) argued that the development of self-esteem depends on a person's sense of worth, competence, and 
ability to control community. Jones and Jones (in Thomas K Crowl, 2001: 340) said that students with high self-esteem 
will tend to show good academic achievement. Self esteem  also affects the relationship and interaction of students with 
his friends. Santrock (1998) says that low self-esteem in teens can lead to uncomfortable feeling, and if prolonged can 
lead to depression, anorexia nervosa, violations, suicide and other negative things. John Santrock (1998) developed ten 
indicators of positive self-esteem which consists of: (1) provide guidance or direction to another person, (2) use the 
sound quality according to the situation, (3) provide an opinion, (4) sits with others during social activities, (5) work 
together in groups, (6) pay attention to the speaker, (7) maintain eye contact during conversation, (8) initiate 
communication with others, (9) maintain a comfortable distance between himself and others, (10) speaks eloquently and 
showed only little hesitation. 
 
Metacognitive Skill 
 The term metacognition was introduced by John Flavell in the late 1970s, which means the cognition of the 
phenomenon of cognitive or thinking about thinking (1979). Ormrod (2006) defined metacognition as the ability to 
understand the things that we know, how to learn these things, manage, organize, and adjust our cognitive processes to 
maximize learning and memory. North Cetral Regional Educational Laboratory (NCREL, 1995) brought up three basic 
elements of metacognition, which are: (1) before or while developing a plan of action, (2) during or while regulating and 
monitoring plans, and (3) after or while evaluating plan. Schoenfeld (1987) suggested a more specific three-dimension to 
describe metacognition in mathematics, namely: (1) belief and intuition, (2) knowledge, and (3) control and self-
awareness. Beliefs and intuitions concern on the mathematical  ideas of what it is prepared to solve mathematical 
problems and how these ideas form a way to solve mathematical problems . Knowledge of thinking process concerns on 
how accurate a person in describing his own thinking process. While self-awareness or self-regulation concerns on how 
well a person in maintaining and organizing things to do when solving problems and how well a person uses input from 
observations for directing the activities of problem solving . 
 
Concept Mastery 
 Peter Airasian et al (2010) defined the conceptual knowledge as the relationships between elements in a large 
structure which allows the elements to function together. Bloom (Schunk, 2012) argued that concept mastery is more 
focused on school variables that can be changed (alterable variables), the behaviors of early cognitive (eg skills students), 
characteristics of affective (eg interest and motivation), and specific factors that affect the quality of learning. Bloom 
(Peter Airasian et al, 2010) specifically divided the levels of thinking or cognitive processes into six categories of 
hierarchical dimension. The first three categories, including remember (C1), understanding (C2), and applying (C3) 
included in the low level thinking category, while the other three categories including analyzing (C4), evaluating (C5), 
and creating (C6) included in the high-level thinking category. 
 
Stad Cooperative Learning 
 Van Wyk (2010) argues that the cooperative learning model is a learning strategy that offers a learning experience 
that is more active, equal learning opportunities, and social environment of mutual support.  
According to Slavin (2010a), STAD is most appropriate for teaching well-defined objectives with single right answers, 
such as mathematical computations and applications, language usage and mechanics, geography and map skills, and 
science facts and concepts. Slavin (in The Benefits of Using STAD in a Middle School Mathematics Classroom, 
Shininger, 2006) suggested five major components in the implementation of cooperative learning model STAD, 
including a class presentation, team, quiz, scores and individual progress, and recognition of the team. Slavin (2010b) 
provides specific instructions regarding the system of grouping students. Each group consists of four or five members 
with different academic values, ethnicity, and gender. The main function of this group is to prepare its members to 
prepare for the quiz that will be given after the explanation of the subtopics. Scores groups play an important role in the 
STAD cooperative learning model.  
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RESEARCH METHODOLOGY 
 
 This research uses one group pretest-posttest weak experimental research designs (Fraenkel and Wallen, 2009). 
The population of this study were 114 students studying in grade 7 SMPK Penabur Kelapa Gading, that were distributed 
into six classes. Cluster random sampling was done by using a lottery to determine the experimental class. Experiment 
phase consists of the provision of pre-test, the application of learning models, and post-test. 
There are three kinds of pre-test and post-test  in this study,  (1) self-esteem assessment questionnaire, (2) metacognitive 
skills assessment questionnaire, and (3) concept mastery essay test. Self-esteem questionnaire consists of self and peer 
assessment. Metacognitive skills evaluation questionnaire and concept mastery essay test were done individually. STAD 
cooperative learning model consists of (1) a class presentation, (2) the working group, (3) the quiz, (4) individual 
improvement score, and (5) group awarding.  
 
RESULTS AND DISCUSSION 
 
Self Esteem 
 Before implementing STAD cooperative learning, students were given a pre -test for  self-esteem evaluation . 
Students were asked to assess themselves and also three other members in the group. After the implementation they were 
given a post test. The summary of  self-esteem assessment result can be seen in Table 1.  
 

Table 1. Self Esteem Evaluation 
 Self-Assessment Peer-Assessment 
 Pre-test Post-test Post-test Post-test 
N 20 20 20 20 
Min score 20 26 26 26 
Max Score 35 37 37 37 
Average Score 27,60 30,85 30,85 30,85 
Std. deviation 4,74 2,85 2,85 2,85 

 
Self esteem assessment data were statistically tested using Wilcoxon Signed Ranks Test Method, non parametric Two-
Related-Samples Test. The results of the difference rank can be seen in Table 2. 
 

Table 2. Difference Rank for Self-Esteem Self Assessment 
Description Self Assessment Peer Assessment 

N Mean Rank Sum of Ranks N Mean Rank Sum of Ranks 

Negative Ranks 4 4,75 19,00 0 0,00 0,00 
Positive Ranks 14 10,86 152,00 20 10,50 210,00 
Ties 2   0   

 
An interesting finding here is the negative ranks of four students in the result of self assessment, while there is no 
negative ranks in the result of peer assessment, as seen on Table 2. The negative ranks they gave to themselves due to 
their observations on the their friends in the group. Elliot et al (2010: 128) said that at school age, self-esteem associated 
with direct observations. If there are friends in the group that is supposed to be better, then the judgment against himself 
will decrease. 
 Table 3 shows that the value of Z obtained from self and peer assessment are less than -1.96. Under the provisions 
of testing when the value of Z ˂ -0.196 , then H0 is rejected. It means that there are significant differences between the 
pre and post-test result of self and peer assessment. Significant difference in the result of pre and post-test indicates that 
the application of cooperative learning model can improve students’ self-esteem. 
 

Table 3 Self Esteem Hypothesis Testing Result 
 Z Asymp. Sig (2-tailed) Result

Self Assessment -2,912 0.004 
Z < -1,96 
p < 0,05 

Peer Assessment -3,930 0.000 
Z < -1,96 
p < 0,05 
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Furthermore, the N-Gain obtained from self and peer assessment were tested to determine whether both assessment give 
equal value of N-Gain. Table 4 shows the result of Wilcoxon Signed Ranks test for N –Gain of self esteem. From the test 
results the value of Z is -2.940 and the p-value 0.003. Under the provisions of testing when the Z count ˂ -0.196 , then H0 
is rejected. This means that the N- gain derived from self and peer- assessment are different. 

Table 4. N-Gain Test Result  
 Min N-gain Max N-gain Mean Z Asymp. Sig (2-tailed) 
Self Assessment -0,22 0.68 0.1995 

-2,940 0,003 
Peer Assessment 0.11 1,00 0.4605 

 
Mean value of the N-gain that was obtained from peer assessment is higher than the result from self assessment. Cooley 
(in Sternberg and Williams, 2010: 119) argued that self-esteem is not only determined by self-assessment but also the 
judgment of others about ourselves. Peer assessment  make the students feel difficult when they have to assess 
themselves. This was shown from the comments of some students who feel worried that the result of peer assessment 
about themsleves will be lower than the results of their self assessment.  
 
Metacognitive Skills 
 Metacognitive skills assessment carried out using a self assessment. The summary of  metacognitive assessment 
result can be seen in Table 5.  
 

Table 5. Metacognitive Assessment 
 Pre-test Post-test
N 20 20 
Min Score 2 21 
Max Score 19 31 
Average Score 7,6 25,45 
Std. deviation 4,18 4,09
Min N-gain  0,522
Max N-gain  0,966 
Average N-gain  0,731 

 
Metacognitive skill assessment result were statistically tested using Wilcoxon method,  non parametric Two-Related-
Samples Test. The difference rank can be seen in Table 6, which shows that there is no negative rank. 
 

Table 6. Difference Rank of Metacognitive Assessment Result 
 N Mean Rank Sum of Ranks 

Negative Ranks 0 0,00 0,00 

Positive Ranks 20 10,50 210,00 
 
 Hypothesis testing result in Table 7 shows that the value of Z is -3.924, which is < than -1.96. Under the 
provisions of testing when the value of Z ˂ -0.196 , then H0 is rejected. It means that there are significant differences 
between the pre-test and post-test result. Significant difference in the result of pre-test and pot-test indicates that the 
application of cooperative learning model can improve their metacognitive skill. This improvement occurred because the 
process of learning, group work, and the group score are a basic component of cooperative learning STAD. One of the 
basic components in cooperative learning by Johnson et al (1999) is a learning process in the group. This learning 
process includes their common goals, determine strategies that can be done to achieve that goal. Students who previously 
did not used to do the planning, the cooperative learning required to discuss with our friends in the group to determine 
the strategy and steps to be taken to achieve the objectives. The same thing also delivered Mohammed Nur (2005) who 
said that the working group is one of the main components in cooperative learning STAD. The group division in STAD 
cooperative learning allows students to learn from each other, especially the learning of students in the group that 
received a good academic grades. In groups they are trained to understand the things they know, how to learn these 
things, manage, regulate and adjust the cognitive processes to achieve the goal. The process of learning and group work 
to train students to be able to describe the thinking process more accurately. The accuracy of a person in describing the 
thought process included in the dimensions of knowledge on metacognitive skills (Schoenfeld, 1987). 

 
Table 7. Metacognitive Skill Hypothesis Testing Result 

 Z Asymp. Sig. (2-tailed) Hasil 

Metacognitive skill assessment -3,924 0.000 
Z < -1,96 
p < 0,05 
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Concept Mastery 
 An essay test was conducted individually to evaluate students level of concept mastery. The summary of  concept 
mastery test result can be seen in Table 8.  
 

Table 8. Concept Mastery Test Result 
 Pre-test Post-test 
N 20 20 
Min Score 26 43 
Max Score 69 95 
Average Score 46 73 
Std. deviation 13 13 
Min N-gain 0,200 
Max N-gain 0,857 
Average N-gain  0,511 

 
N-Gain of each indicator should be calculated, in order to determine students achievement on each indicator of concept 
mastery. The summary of N-Gain for each indicator can be seen on Table 9.  An interesting finding in this study is that 
evaluating (C5) indicator which is included in the category of high-level thinking (Bloom in Airasian Peter et al, 2010: 
44-45) gained a higher increase compared to “understanding” (C2) and applying (C3) indicator which included in the 
category of low-level thinking. It is possible because cooperative learning is an active learning that emphasizes 
cooperation within the group. Learning is emphasized in the discussion in the group and each member is free to give 
explanations, reasons and arguments for such a thing. This learning process trains students more on evaluating than 
understanding and applying. This is in line with the advantages of cooperative learning STAD who pointed Slavin (2010) 
that interactions between students in line with the increase in their ability to argue. The other reason is that the topics 
covered in this research, statistical data handling, which trains the students to read graphs for interpreting and evaluating 
an argument. 
 

Table 9. Average Score and N-Gain of Each Indicator of Concept Mastery 
 C2 C3 C4 C5 C6 

pre-test average score 55 46 39 20 44 

post-test average score 79 78 62 83 66 

Min N-gain 0 -2 -0.3 0 -1.5 

Max N-gain  1 1 1 1 1 

N-gain Average 0,54 0,4 0,3 0,8 0,3 
 
 The hypothesis test must be conducted to determine whether there is a difference between the score of the concept 
mastery before and after treatment. To determine the method of test, it is necessary to test the prerequisite. Prerequisite 
test consists of normality and homogenity test.  Normality test was done using Kolmogorov -Smirnov test. The 
significance level for pre and post test are 0.143 and 0.200 respectively. Under the provisions of the test , if the 
significance ˃ 0.05 then H0 is accepted . This means that the distribution for pre-test and post-test are normal. The second 
prerequisite test that must be done is homogeneity test. Homogeneity test was conducted using Levene Statistics. 
Levene's test for data pre-test and post-test gives a significance of 0.004 . Under the provisions of the test , if the 
significance value < 0.05 then H0 is rejected. This indicates that  pre-test and post-test data have different variances. 
Based on the result of prerequisite test, it was concluded that the data are not homogeneous . 
Concept mastery data was statistically tested using Wilcoxon method,  non parametric Two-Related-Samples Test. The 
difference rank can be seen in Table 10, which shows that there is no negative ranks.  
 

Table 10. Difference Rank of Concept Mastery Result 
 N Mean Rank Sum of Ranks 
Negative Ranks 0 0,00 0,00 

Positive Ranks 20 10,50 210,00 
 
 Hence, the result of hypothesis test can be seen on Table 11. Table 11 shows that Z <1.96 and p <0.05, which 
means that H0 is rejected. The test result indicates that there is significant difference between the score of  pre-test and 
post-test. This shows that the implementation of STAD cooperative learning can enhance students' concept mastery. The 
increasing value of concept mastery is driven by their scores in STAD cooperative learning groups, which led to positive 
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interdependence. Ecah member is required to contribute equally withing the group. Each of the group members have 
equal responsibility in the achievement of points. This encourages each member to study hard in order to obtain good 
results. Members with better academic grades required to teach things that are already understood to other group 
member.  
 

Table 11. Concept Mastery Hypothesis Test Result 
 Z Asymp. Sig. (2-tailed) Result 

Concept Mastery Essay Test -3,923 0.000 
Z < -1,96 
p < 0,05 

 
 
CONCLUSION AND SUGGESTIONS 
 
 The conclusion of this reasearch are the application of STAD cooperative learning in the learning of mathematics 
in grade 7 SMPK Penabur Kelapa Grading can improve their self-esteem, metacognitive skills, and also concept mastery. 
Based on the conclusions that have been formulated and observations during the learning, there are some suggestions 
related to the implementation of STAD cooperative learning model : (1) Teachers should consider the proper time to 
implement STAD cooperative learning, since it takes time for the students to adapt to their group, (2) STAD cooperative 
learning model should be designed, so it can be easier to be  implemented in schools, (3) Researchers are expected to 
implement STAD cooperative learning model  in other materials and even in other subjects, (4) Researchers are expected 
to implement STAD cooperative learning model to improve other variables. 
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Abstract: This study aimed to increase students’ learning motivation in SMA 54 Jakarta through the use of flipped-
classroom models. The study used a classroom action research with three cycles. The indicators of students’ learning 
motivation were students’ interest in learning, students’ attention in the learning process, the spirit of the students when 
doing tasks, the response indicated towards stimuli, students’ responsibility and satisfaction in doing the tasks and 
students’ learning outcomes. The instruments used in this research were student motivation questionnaires, observation 
sheets and measures of student learning outcomes. The results indicated that the flipped-classroom model could increase 
students' motivation. All of the indicators were reached in the third cycle. The increase in students’ learning motivation 
has had an effect on student learning outcomes. The flipped classroom model’s emphasis on student engagement during 
the learning process thus provided an opportunity for students to be active during the learning process, stimulated 
students to use their initiative, and fostered students’ confidence in their ability. 
 
Keywords: Flipped-classroom, Students Learning Motivation, Stoichiometry 
 
 
INTRODUCTION 
 

Based on curriculum (2013) learning activities inside the classroom should be active learning. Active learning 
involves much student activities in accessing information and knowledge which will be discussed and examined in the 
learning process inside classroom. Active learning is focus on students’ activities during the lessons (students centered) 
not on the dominance of teachers in the delivery of the subject matter (teachers centered). In the learning activities the 
teacher role as facilitators who provide direction and give guidance during the lessons. The students should present their 
activity inside the classroom such as asking, giving opinion, and answering questions. 

Learning of chemistry in SMAN 54 Jakarta has implemented active learning in accordance with curriculum. 
Based on preliminary analysis, there are still problems in  learning of chemistry such as boring learning method, students 
who are less active in the learning process, media and learning resources are less varied, the difficulty of teachers in 
teaching the material, low learning outcomes and lack of students learning motivation.  Motivation is a psychological 
aspect which have a major influence on the achievement of learning outcomes because motivation encourages to achieve 
better results. Motivation is a theoretical construct used to explain the initiation, direction, intensity, persistence, and 
quality of behavior, especially goal-directed behavior (Maehr & Meyer, 1997 on Brophy, 2004). Motivation is an 
impulse which contained in every person to strive behavioral changes that better meet its needs (Uno, 2008). Motivation 
contributes to lead learning activities, ensure the continuity of learning, provide passion, excitement, and pleasure in 
learning (Eveline & Hartini, 2010). Based on above definition it can be inferred that learning motivation is an impulse or 
motive power from within the individual that provides direction and encouragement in learning activities, in order to 
achieve the desired aim. 

Lack of student motivation can caused by the learning model used in the classroom. Conventional models such as 
teachers provide information actively and many tasks causes the students quickly bored and passive. Giving the task is 
one of the teacher strategies to motivate students to learn the material that has been delivered. This activity has been 
carried out by almost all the teachers since many decades ago until today. Using learning media such as textbooks, 
worksheets, and the Internet felt less effective. Therefore it is necessary that a new learning model by reverse the 
tradition of learning without reducing the motivation of students to study at home. This can be done by applying the 
flipped-classroom learning models. 

Flipped-classroom learning model were proposed by Barbara Walvoord and Virginia Johnson Anderson in his 
book Effective Grading (1998). The flipped-classroom is a pedagogical approach that moves course content from the 
classroom to homework, and uses class time for engaging activities and instructor-guided problem solving (Fautch, 
2015). The flipped-classroom model is an educational technique that consists of two parts: interactive group learning 
activities inside the classroom, and direct computer-based individual instruction outside the classroom (Jacob & 
Matthew, 2013). Flipping the classroom, at its simplest, involves pushing lecture material outside the classroom as a 
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form of homework or other pre-class preparation, leaving more time in class for interactive or engaging exercises (Smith, 
2013).  

The main purpose of the "reverse class" is to make class time more engaging, more interactive and student-centred 
(Smith, 2013). Flipped-classroom learning model focused on student activities. Students are not to get the subject matter 
from the teacher in the classroom, but students are required to study at home with guidance from instructional videos 
made by teachers as a form of homework or other pre-class preparation, leaving more time in class for interactive or 
engaging exercises. To check students understanding of the subject matter, activities in the classroom are discussion, 
problem solving or tests.  The advantages of the flipped-classroom model as follows: 
1. Students can repeat instructional video so that students can understand the subject matter. 
2. Students can access instructional videos anywhere and anytime. 
3. More effective, because the material is presented in video format, so that it can be used repeatedly on other classes. 
4. Intertwined active communication between teachers and students, because learning in the classroom mostly done 

with the discussion 
Most research on the flipped-classroom employs group-based interactive learning activities inside the classroom and 

citing student-centered learning. Another research has shown that the flipped classroom is an effective model in learning 
general chemistry (Smith, 2013) and able to redesign a large lecture class into an active-learning class made of small 
groups (Danker, 2015). 
 
RESEARCH METODHOLOGY  
 

This research aimed to increase students’ learning motivation in SMAN 54 Jakarta through use of flipped-classroom 
model. This study conducted in second semester at grade X senior high school from march until may 2015. The research 
consists of two steps; preliminary research and classroom action research. Preliminary research carried out by interview 
chemistry teacher and distributed students’ questionnaires to identify the problems of learning activities that occur in the 
classroom.  

Action research is one of the most practical and efficient methods of conducting research by educators. Action 
research is a viable model that can be used by all educators in solving educational problems and making school 
improvements (Tomal, 2003). Implementation of the action used classroom action research with three cycles. Each cycle 
of classroom action research consists of plan, act, observe and reflect. 

The instruments that used in this research are to determine the increasing of students’ learning motivation in 
chemistry, there are:  
1. Observation sheets to check the learning activities performed by students and teachers based on the indicators 

specified. 
2. Notes in research both postive and negative terms. 
3. The students' motivation questionnaire given at the end of each cycle. This questionnaire is given based on indicators 

of student motivation predetermined. The aim is to measure the success of the learning process after the end of the 
cycle based on the views of students. 

4. Evaluation tests which given at the end of each cycle. In this study, the test used to determine the effect of students' 
learning motivation toward students learning outcomes. 
Increasing of students’ learning motivation in chemistry is an indicator of success in this study. According to 

Sudjana (2009) and Sardiman (2007) it can be measured from; students’ interest in learning, students’ attention in the 
learning process, responses indicated towards stimuli, spirits of students in doing tasks, responsibility in doing the tasks, 
students’ satisfaction in doing the tasks and students’ learning outcomes. Indicators of success in this research if every 
indicator of student's learning motivation reach 70 and  75% of students reach learning outcome with minimum 
completeness score. 
 
RESULT AND DISSCUSSION 
 
 In the first cycle indicator response indicated toward stimuli has been achieved while five other indicators have not 
been reached. Then, based on observation sheets filled out by observer can be summed up as follows: 
1. Students are not familiar with the flipped-classroom learning model applied by teacher. 
2. Teacher could not managed the class well, so there are still many students who talked and did not focus during 

lessons. 
3. Students less utilize chemical instructional videos which made by teacher. 
4. The teacher provided less motivation to students such as praise, reinforcement and reward. 
5. Teachers are still less firmly to remind students to repeat the lessons that have been learned and that will be delivered 

by watching  chemistry instructional videos. 
6. Active students in class are less. Students who active in the class tend to the same students. 

235



 

 

In addition to results of observation and students’ motivation questionnaire, students learning outcomes were also 
considered in this study. 86% of students have reached minimum completeness score and 14% of students haven’t 
reached. Then, the average score of the evaluation test in the first cycle is 89,5. 

In the second cycle four indicators such as response indicated toward stimuli, spirit of the students when doing tasks, 
responsibility in doing the tasks, and interest in learning have been reached while the two other indicators have not been 
reached. Furthermore, based on observation sheets filled out by observer can be summarized as follows:    
1. Students are already getting used to the flipped-classroom learning model which applied in chemistry learning. 
2. Students already utilize instructional videos which made by teacher as a learning media. Each group already has had 

chemistry  instructional videos. 
3. The classroom management strategies that implemented by teacher are better than first cycle. It can be seen from the 

decreasing number and intensity of students’ talks during lessons.   
4. Spirit and responsibility of students in doing tasks increases. This is evident from the spirit of the students in doing 

the task assigned by the teacher and collected assignments on time.  
5. Students response indicated toward stimuli better than first cycle. During the second cycle of learning activities, the 

number of active students increased. Students activity learning include active in asking, expressing opinions, and 
working on tasks given by the teacher. However, there are still students who are passive during learning activities  

6. Teacher provided less motivation to students such as praise, reinforcement and reward. 
7. Teacher is still less firmly to remind students to repeat the lessons that have been learned and that will be delivered 

by watching  chemistry instructional videos. 
 In addition to results of observation and students’ motivation questionnaire, students learning outcomes were also 
considered in this study. Student learning outcomes obtained in the second cycle is less satisfactory. Completeness score 
is decreased by 20.5% from 89.5% in the first cycle to 69% in the second cycle. Thus the average score of the final test 
evaluation is also decreased 12.9 points from 89.5 in the first cycle to 76.6 in the second cycle. 
 In the third cycle the overall indicators used have been reached. However, there are still some shortcomings in the 
third cycle such there are students chatting while the learning activities, the focus of the students are reduced when there 
is spare time and initiative of students in working on the problems, but overall the indicators have been achieved well. 
The following are a reflections of the third cycle: 
1. Students like the flipped-classroom model in chemistry learnig. It was indicated from the increasing on the students 

interest towards subjects. 
2. Every student has instructional videos that made by the teacher. In addition, students have learned the material 

through instructional videos, either to repeat the lessons that had been learned and the lessons had not been 
delivered.  

3. The classroom management strategies that implemented by teacher is better than previous cycles so that the attention 
of students in the chemistry learning process can be increased.  

4. Spirit and responsibility of students in doing tasks increases. Most of students collect their task on time.  
5. Students have been motivated by the flipped-classroom model. The response indicated students in chemistry learning 

is increased. During the discussions held many students who active in the class such as asking questions, answering 
questions, expressing opinions, and doing the problems given by the teacher.  

Table 1. Results of the research 
Indicators of students learning motivation Cycle I Cycle II Cycle III 
1. Interest in learning x √ √ 
2. Attention in the learning process x x √ 
3. Spirit of the students when doing tasks x √ √ 
4. Response indicated toward stimuli √ √ √ 
5. Responsibility in doing the tasks x √ √ 
6. Satisfaction in doing the tasks x x √ 
Students 
Learning 
Outcomes 

Completeness 86 % 69 % 78 % 
Average 89,5 76,6 83 

 
Student motivation is closely related to student learning outcomes. If the students' learning motivation high, student 

learning outcomes will also increase. Minimum completeness score on the subjects of chemistry is 75. The expected 
achievement of students learning outcomes is 75% of the students who achieve above minimum completeness score. 
Student learning outcomes obtained in the third cycle is satisfactory. Completeness score is increased 14% from 69% in 
the second cycle to 83% in the third cycle.  
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Figure 1. Students Learning Outcomes 

 
Figure 2. Average Score 

 
 Thus the average score of the final test evaluations also increased 1.4 points from 76.6 in the second cycle to 78 in 
the third cycle. Students learning outcomes in the third cycle reached predetermined targets. This shows that the 
increasing in students learning motivation influence on students learning outcomes. 
 
CONCLUSION 
 

Based on the results of research conducted in grade X senior high school, it can be concluded that flipped-classroom 
model can increase students motivation in learning chemistry. Students’ motivation can be observed from six indicators 
which applied to cycle I, II, and III include interest in learning, attention in the learning process, spirit of the students 
when doing tasks, students’ response indicated toward stimuli, responsibility in doing the tasks, and satisfaction in doing 
the tasks 

The flipped-classroom model can increase students motivation in learning chemistry. The increasing in students’ 
learning motivation has had an effect on student learning outcomes. The flipped classroom model’s emphasis on student 
engagement during the learning process thus provided an opportunity for students to be active during the learning 
process, stimulated students to use their initiative, and fostered students’ confidence in their ability. This learning model 
emphasizes on students engagement during the learning process (student center), so that active role of students in the 
learning process is necessary, therefore the learning process in the class became more effective.  

Overall the flipped-classroom model can increase students' motivation. With the increasing of students motivation, 
the learning outcomes of student have also been increased. 
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Abstract: The biology learning aims to develop the cognitive and affective aspects, and the skills of science process. The 
observation result in the field shows that the skills of science process and the student’s outcome are still low. For that 
reason, these two cycles of action research aim to achieve the empirical data of the potential inquiry learning strategy to 
improve the skills of science process and the learning result of digestive system materials on Senior High School 
Students 1 North Tambun, Bekasi. The research was conducted from April to June in 2013/2014 academic year by using 
the quantitative and qualitative analysis techniques. The research shows that the inquiry application improved the 
learning result and the science process skills of students with average score of the study result  improvement from cycle I 
to Cycle II is 14 points (from 62.65 to 76.57). In addition, the presentation score of students who completed the study 
from cycle I to cycle II is 47.06% (from 32.35% to 79.41%) and the average score of the science process skills 
improvement from cylce I to cycle II is 5.6 point (from 75.25 to 80.83). The conclusion of the research is that the 
application of the inqury learning strategy improved the science process skills and the digestive system learning result on 
students of 11th grade senior high school 1 North Tambun, Bekasi.   
 
Keywords: Digestive system, Inqury learning strategy, learning outcome, science process skills. 
 
 
INTRODUCTION 
 

Biology learning is related to mastery techniques to know (inquiry) about nature systematically. Biology is 
learned not only to master the facts, concepts or principles, but also to invent some processes. Biology provides various 
learning experience to understand concepts and science process skills. Science process skills cover observation skills, 
hypothesis proposal, efficient tools and materials use, questions delivery, data categorizing and interpreting, and 
communicating oral or written research result, digging and shifting factual information that is relevant to examine idea or 
solve daily problems.  

The observation result of preliminary research in Senior High School 1 North Tambun Bekasi shows that the 
biology learning process is not optimal yet. The learning process still focused on teacher centered conventional strategy 
and teaching methods. Teacher did not pay enough attention to the student’s learning potential. The learning experience 
was facilitated by a biology teacher on digestive system materials. There was a problem that the students did not do 
enough  scientific approach that made them less trained in observing, asking, trying or collecting the data, 
communicating, and making social network.  

It affected to students’ science process skills that was not optimal yet. Students’ understanding was not  systematic 
enough and tended to have difficulties in accomplishing questions which needed higher level of thinking. Student skills 
to solve a question in application level (C3), analyze (C4), and evaluate (C5) were still low. The target achievement of 
minimum criteria for completeness was not accomplished yet because the student number who completed was just 50%. 
The biology learning in digestive system materials must be directed and reflected to achieve the purpose of competence 
behaviour, thinking, and process science skills. Digestive system materials characteristics have a concrete concept and 
are close with students’ real lives. Difficulties which are experienced by students are too many learning materials. So, 
students merely memorize the lessons without considering the importance of learning the essence of the lessons. In other 
words, the advantages of learning the lessons should be applied in daily lives. This kind of materials must be taught 
classically and experimentally to make the knowledge more meaningful and useful. 

The learning strategy which will be developed to solve those problems is inquiry learning strategy through 
scientific solving. This learning strategy is based on discovery and closely related with scientific learning approach 
which allows students  to build a concept by learning and finding the result independently. This strategy trains students 
physically and mentally to develop process science skills by trials or experiments with teacher’s guidance, so that 
students can construct their own knowledge. Therefore, this research is done by applying inquiry learning strategy as an 
effort to improve science process skills and student outcomes. This strategy emphasizes on searching and finding 
processes. Students’ roles as the centered study are searching and finding the materials by themselves; on the other hand, 
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teacher has a role as a facilitator, so hopefully the students can revise the learning process and improve the minimum 
criteria for completeness (Majid, 2009). 
 
The Successful Criteria of the Action Research 

The successful criteria of the action research are measured by some activities: 1) Optimum class management 
which is marked by implementing the inquiry learning strategy based on the appointed syntax. 2) Improved activeness 
and students’ participation in the learning process. 3) Improved the science process skills and students’ outcomes in 
human digestive system materials because all indicators were achieved. The improvement of students’ outcomes is 
included in the cognitive skills, so the successful indicators in this research used the complete boundary cognitive scores. 
4) The percentage of complete learning in class used classical completeness roles is at least 75% of students get average 
score more than or equal with minimum completeness criteria = 76 which was determined along the learning process as 
well as the student’s post-test scores in the end of the cycles.  

 
RESEARCH METHODOLOGY 
 

This research was conducted in senior high school 1 North Tambun, Sriamur Avenue, Bekasi West Java. Research 
time was held from April to June 2014.The research subject was the students in Senior High School 1 North Tambun in 
2013-2014 academic year. There were 34 students of 11th grade in total consisting of 23 female students and 11 male 
students. The research was helped by four teachers who had roles as a collaborator and an observer. The research method 
used was classroom action research with 2 cycles  because of the limited time. Every cycle consists of 4 steps i.e. 
planning, acting, observing, and reflecting. Action that was done for every cycle was evaluated, reviewed, and reflected 
with a purpose to improve effective actions  in the next cycle.   

The data collection technique used observation sheet, class observation, written test and questionnaires, field 
notes, interviews, and reflective journals. The analyzed data involved quantitative and qualitative data. The quantitative 
data i.e. study test result and science process skills are in forms of numbers or scores that they obtained. The qualitative 
data were achieved from observation results in a form of notes that was taken during the action, observation sheet of 
learning inquiry achievement, interview results, field notes, and reflective journal. Data analysis was done descriptively 
in order to compare the condition between the action in cycle I and the next action.  
 
RESULTS AND DISCUSSION 
 
Implementation results of action and observation in Cycle I 
The Cycle I was held in three meetings, i.e. two meetings for in-class-learning process and one meeting for an 
experiment in a laboratory. The table below shows the observation result and field notes recorded by the observer 
towards the aspects of students’ and teachers’ activities about the achievement of syntax-based inquiry learning process 
from Cycle I: 

Table 6. Observation data results of inquiry learning achievement in cycle I 
Learning activity 

Meeting 
Learning indicator in Cycle I 

1 2 3 
Initial activity 4 4 4 
Core activity of inquiry learning phase 6 10 9 
Closing activity 5 5 7 
Total 15 19 18 
Achievement percentage 65.2% 82.6% 72% 
% Average of cycle learning achievement 73.27% 
Description Quite active  Active Quite active 
 
Observer notes 
Description: 
65% - 79% = Quite active category 
80% - 89% = Active category 
90% - 100%= Very active 
(according: Arikunto, 2010) 
Notes: There are 23 indicators for in-class learning activities of teacher and students’  i.e. in the 1st and 2nd meetings; 
and there are 25 indicators for experimental learning in the laboratory in the 3rd meeting. 
The feasibillity average of syntax-based inquiry learning process from 3 meetings is 73.27%. This data is still categorized 
as Quite Active category. The study result post-test analysis and science process skills’ scores are presented in Table 6: 

Table 6. Description of students’ study report and science process skills’ scores in cycle I 
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NO Aspect Average Study Report Average Science Process Skills 

Pre-Test Post Test Pre-Test Post Test 
1 The lowest scores 42.98 45.42 46.67 60 
2 The highest scores 88.75 90.42 83.33 90 
3 Class average scores 56.8 62.65 66.52 75.05 
4 Σ Students 34 34 34 34 
5 Σ Students below KKM  29 23 28 18 
6 Σ Completed Students 5 11 6 16 
7 % Σ Completed Students 14.70% 32.35% 17.64% 47.00% 
8 % Σ Incompleted Students 85.30% 67.65% 82.36% 53.00% 

 
From the table, it is shown that the average data of the feasibility learning activity in cycle I is 73.27%. The student’s 
highest score is 93. The class average score that is obtained is 69. The total number of students who completed the 
learning activity is 11. The student’s percentage who completed the learning activity is 32.4% in cycle I. 
 
Cycle I Reflection 

After recapitulating all the research results, it is found that the application of inquiry learning strategy on digestive 
system materials could improve the students’ science process skills and their study report especially for students in grade 
11th natural sciences Senior High School 1 North Tambun. The learning average achievement with application of inquiry 
learning strategy in cycle I with 3 times of learning is 73.27% (Table 5) and is categorized as Quite Active category.  

According to the discussion result with the observer, the syntax learning that was not done optimally is the teacher 
was not interested in presenting phenomenon or event in which students could probably find some problems. Other 
syntax inquiry which was observed is the teacher did not give enough guidance to the students in processing the 
problems, determining hypothesis, and planning to solve the problems, so it affects to students’ outcomes and students 
skills’ scores that are still low on the achievement of cycle I. The revision on cycle II is the teacher is hoped to be more 
creative in presenting several interesting events or phenomena, so students can get motivated to find and process the 
problem. Moreover, the teacher should improve several guidances for students to solve problems. 

The improvement of students’ outcome can be seen from the post-test scores in Cycle I. The students’ post-test 
average scores which is obtained is 69. The completed students’ percentage  is 32.24% or 11 out of 34 students. This 
achievement has not fulfilled the assigned indicator. The revision of Cycle II is the teacher divided the team fairly 
concerning on the students’ social academic intelligences, so students can work together in solving the problems. 

The average score of science process skills which was achieved by students, although it tends to increase by 
8.48% from 66.67 to 75.05, has not reached the criteria. It is because the students did not understand the procedures to 
work on the LKS (students’ worksheet), so the revision on Cycle II is the teacher distributed the students’ worksheet 
before the expriment was conducted in order to make the students have a preliminary study on the experiment steps. It 
affected to students to be more prepared in doing the experiment in the laboratory because they had already understood 
the steps to do the experiment.  

This research is categorized as successful if the percentage of the completed study classically  has achieved 75% 
from KKM. The assigned KKM is 78, and according to the data results of learning in Cycle I, it is in fact not optimal yet 
and has not achieved the assigned successful action criteria, so this research was continued to Cycle 2 based on the 
reflection results from Cycle I. 

 
Achievement results of action and observation in Cycle II 

Tabel 7. Data of Observation Results of Inquiry Learning Completion on Cycle II 
Learning Activity Learning Indicator in Cycle II 

Meeting  4 5 6 
Initial activity 4 4 4 
Core activity in inquiry learning phase 11 12 13 
Closing  activity 5 5 6 
Total 20 21 23 
Achievement percentage 86.9% 91.3% 92% 
% Average of learning achievement cycle  90.07% 
Descriptions Active Very active Very active 

 
Descriptions: 
65% - 79% = Quite active category 
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80% - 89% = Active category 
90% - 100% = Very active 
From the observation results and field notes about activity students and teacher aspects about the syntax-based 
achievement of inquiry learning process, it is shown that there is an improvement in Cycle 2. The achievement average 
of learning in Cycle II is 90.07%. 
 
Post-test Result in Cycle II 

From the data analysis in Post-test Cycle I compared with that of the Cycle II, it can be concluded that there is an 
increase in the highest score, which is 2 points (from 93 to 95). The average scores increases by 8 points (from 69 to 77). 
The number of students who completed the study increase by 47.17% (from 32.24% to 79.41%) in Cycle II. The graph 
below describes the improvement of students’ outcomes from Cycle I to Cycle II: 

Table 8. The average of students’ outcomes and science process skills scores for students in Cycle II 
NO ASPECT AVERAGE OF STUDENTS’ 

OUTCOMES 
AVERAGE OF SCIENCE 

PROCESS SKILLS 

PRE-TEST POST-TEST PRE-TEST POST-TEST 
1 The lowest score 45.42 53.75 60 70 
2 The highest score 90.42 94.58 90 97 
3 The average score of class 62.65 76.57 75.25 80.83 
4 Students 34 34 34 34 
5 Students below KKM 23 7 18 8 
6 Completed Students 11 27 16 26 
7 % Completed Students  32.35% 79.41% 47.00% 76.47% 
8 % Incompleted Students  67.65% 20.59% 53.00% 23.50% 
 

From the interview results with students, it is found that when the post-test was conducted most students were 
more prepared because the teacher had announced the test schedule earlier. Therefore, students also had enough time to 
repeat the materials at home. The post-test time duration was also conducted effectively which made the students worked 
on the test well and not in a rush.  

The recapitulation results of the analysis from each aspect of science process skills from Cycle I to Cycle II can be 
seen from the table below: 
 

Tabel 9. Recapitulation results of the analysis  from KPS aspects of Cycle I and Cycle II 
 
Reflection of Cycle II 

From the action research results of Cycle II, it is found that the average feasibility learning by implementing the 
inquiry learning strategy on Cycle II is 90.07% (Table 8) with Very Active category. Based on the discussion results by 

NO KPS Aspect  
Observation results of  KPS 

PRE-CYCLE I (%) Cycle I (%) Cycle II (%) 
1 Observing 74.43 78.50 82.38 
2 Classifying 61.33 78.00 84.44 
3 Interpreting 61.33 62.88 73.81 
4 Predicting 53.33 66.70 75.24
5 Asking questions 74.33 77.00 84.76 
6 Hypotesizing 63.00 65.70 78.10 
7 Planning the experiment  42.11 90.20 91.90 
8 Using tools/materials 42.11 90.20 91.90 
9 Implementing the concept 42.11 90.20 91.90 
10 Communicating 45.43 62.80 80.71 
11 Doing the experiment 42.11 90.20 91.90 
Total   
MAX   74.33 9020 91.90 
MIN   42.11 62.88 73.81 
Average   66.57 75.25 80.83 
% KPS   66.57 75.25 80.83 
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the observer, the undone learning inquiry syntax is only one, that is the teacher did not give enough supervision to 
students in analyzing the data to find some concepts. While from the discussion result by the observer, this could happen 
because the teacher did not give enough chance to students to analyze the data in which this can help students in working 
on the questions on the worksheet correctly. The teacher then is expected to improve the guidance and tutorial to students 
in analyzing the data, so students can find the concept that they have learned by themselves. 
 It is emphasized by the students’ and teachers’ questionnaire analysis towards the inquiry learning strategy 
application. From the analysis of 34 students’ questionnaire, there is 88.6% that shows attitude and positive manner 
towards the inquiry learning application. While from the teachers’ questionnaire, there is 86% (see the appendix) that the 
teachers gave positive feedback towards the inquiry learning strategy application to improve students’ outcomes and 
science process skills based on the appointed indicators. The improvement of the students’ result can be seen from the 
Post-Test in Cycle II. The average score of the Post-Test increases by 14 points (from 62.65 to 76.57). The percentage of 
the completed students increases by 47.17% (from 32.24% to 79.41%). This increase is considered to have fulfilled the 
appointed indicators as the basis to the success of class action research. 
 For the process science skills aspects,  the lowest achievements are interpreting the data, predicting, and making 
hypothesis, so the improvements on the Cycle II is the teacher provided worksheets before the experiment was conducted 
in order to give enough time for students to have preliminary study for the experiment procedures. This made more 
students ready to carry out the laboratory experiments because they understood the steps of the experiment before it was 
conducted. This study is said to be successful if the inquiry learning runs optimally according to the syntax and there is 
an indicator achievement of the students’ learning outcomes based on critical thinking skills and science process skills. 
The percentage of students in the classical mastery learning has reached 75%. Noting the data of overall learning 
outcomes in the Cycle II, it is shown that in fact it has already achieved the assigned successful criteria, so that this action 
research is considered successful. 
 The purpose of this research is to improve the science process skills of students and students’ outcomes based on 
critical thinking skills. From the research that has been done, it can be seen through the application of learning strategies 
inquiry on food digestive system materials that it can improve students’ outcomes based on students’ critical thinking 
skills and science process skills. This is because the learning inquiry steps contain a number of processes in the 
developed capabilities (Vienna, 2012). The application of inquiry learning strategy enables students to build the concept 
through self-learning process and find the concept themselves. This strategy enables students to be active physically and 
mentally for developing science process skills with the teacher guidance, so students can construct their knowledge. 

This is suitable with what was said by Bruner (1960), Suchmen (1992), Schleker (1976) that when students are 
given a problem then students will make some observations to find and formulate the problem Phase 1 of inquiry. At this 
stage, students are trained to develop the ability to observe, analyze, and predict in order to propose a hypothesis of the 
problems that they are facing. The planning stage to solve the problems in this research is through activities in working 
on the questions in the student worksheet as a group, so the students are trained to develop accuracy, classification, and 
data interpretation. This is in line with Grambs and Carr’s (1979) opinion that there are several activities run at the stage 
of inquiry learning i.e. observing and collecting data, analyzing data, and drawing conclusions and discoveries. Through 
class discussions to get the conclusion, at this stage, students are trained to evaluate and make conclusions on the 
materials that had been studied. (Brown et.Al.1992: Davis 1976: in Jacinta, 2011). 

The inquiry learning process or learning to discovery will lead to knowledge that can last more in students. This is 
in consistent with Jean Piaget’s theory about constructivism theory that stated that knowledge would be more meaningful 
if it is searched and found by students themselves (Majid, 2013). Through the inquiry learning, the students think 
actively, draft the concept, and give meanings to things that they learn. This is suitable with the demands of the 
Permendiknas statement Number 22 year 2006 on content standard, which states that the science teaching including 
biology aims to get further science and technology competency and cultivate the scientific thinking critically, 
independently and creatively. 

The science learning is related with how to figure out (Inquiry) the nature systematically, so that not only the 
acquisition of facts knowledge, concepts and principles, but also the acquisition of the discovery process. It is relevant 
with Carin and Sund’s (1993) statement that the essence of science refers to three aspects: process, product, and attitude. 
Aspects of the processes and attitudes can be developed through learning outcomes or high critical thinking, while 
aspects of the product can be trained by developing science process skills of students. By the inquiry learning, the 
students are trained to be objective in education and developing science process skills which include observing skills, 
collect and organize the data, identify and define variables, define and test a hypothesis, inference or give an explanation, 
minimize experimental error, communicate as a verbal and develop  thinking logically (Joyce & Weil in Jacinta, (2011)). 

The increase of the average score of students' science process skills and learning outcomes can be seen from the 
post-test results in Cycle I which is not optimal yet, and it does not meet the criteria for the success of action research. It 
is caused by several things: 1) Students just found out and were unfamiliar to the inquiry learning procedures, 2) Students 
were not serious enough and were unable to follow the experiment procedures in the worksheet. 3) Students were not 
comfortable enough to work in groups because they did not feel comfortable to each other because the groups were 
divided randomly. As a result, there was not optimum group activity, and it seemed that there were only a few students 
doing the discussion with other members in the group; the cooperation level, therefore, is still low. 4) Students were not 
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serious in doing the experiments in the laboratory and they only played around with their friends; they were not skillful in 
using the pipette fluid, and they did not maintain the cleanliness of the work table, even students seemed quite difficult to 
follow directions provided in the LKS (worksheet) and did not dare to ask the teacher. 5) The teacher did not guide 
students to get around from one group to another, so they were unable to formulate the subject materials and the teacher 
also did not explain the lesson benefits to students. In the final stage of inquiry is conclusion. It was also not optimal yet 
because the teachers only gave the opportunity to one group who was ready to present the group's work, while the other 
groups were not given a chance because of the limited time. The Q&A session (Question and Answer session) was also 
limited because of this. 

The reflection in Cycle I has become an analysis to revise the actions in the Cycle II. The weakness that existed in 
the Cycle I was corrected based on the reflection result and discussion by the observer. The post-test result in Cycle II 
shows that there was an increase in the average of students’ outcomes. The data shows that there were 27 out of 34 
students (79.41%) who completed the study, while the mean aspect of science process skills (KPS) students tends to 
increase from 75.05 into 80.83, then this classroom action research is considered  successful because it has met the 
assigned indicators of success. From the results of the students and teachers’ questionnaire on application of the inquiry 
learning strategies, it is shown that from 34 people there was 88.6% that showed positive attitude and interests towards 
the implementation of inquiry learning. While from the teachers’ questionnaire responses, it was obtained that there was 
86% (see appendix of the questionnaire) who gave positive responses to the implementation of inquiry learning strategies 
to improve students’ learning outcomes and science process skills based on the assigned indicators. 

From the field notes about the implementation of the learning with inquiry learning strategy, it can be concluded 
that the learning process was very active because it already met the requirements of the learning inquiry implementation. 
Through the implementation of the inquiry learning strategies, it is proven that it was successful in improving students' 
science process skills and students’ learning outcomes based on critical thinking skills in Senior High School 1 North 
Tambun on the digestive system materials. 

The success of action research, conducted in Senior High School 1 North Tambun , was because the requirements 
are already fulfilled in implementing inquiry learning. This is supported from the teachers’ behavior which was observed 
by observer that the teachers were already implementing inquiry learning syntax optimally. This fact is suitable with 
Hamalik’s opinion which states that in implementing the inquiry learning strategy there are four requirements that must 
be met: 1) Formulating the learning topics clearly and fruitul for students, 2) Establishing a well-balanced and 
homogeneous group, both academically and socially, 3) Explaining the task and providing responsive and precise 
feedback for the groups, 4) Implementing group assessments, both for the progress of the group and the results achieved 
(Hamalik, 2004). 
 
CONCLUSION 
 
Based on the results of this study, it can be concluded that: 
1. The application of inquiry learning strategies can improve the learning outcomes of students of class XI Senior 

High School 1 North Tambun, Bekasi district of the school year 2013/2014 in digestive system materials. It is 
shown from the results of the data analysis that there is an increase in the average learning results from the Cycle I 
to the Cycle II. The improvement of these learning outcomes is due to four required factors that must be met while 
applying inquiry learning strategy that has been implemented by the teacher. These four factors are: teacher has 
formulated the lesson topic clearly, has formed a group that is balanced and homogeneous academically and 
socially, has given an appropriate explanation of tasks and feedback to the group , and has carried out an 
assessment of the progress and results of the group. 

2. The application of inquiry learning strategy (SPI) can improve the science process skills of class XI student of 
SMAN 1 North Tambun Bekasi district in the academic year of 2013/2014 in the  digestive system materials. 
From the data analysis, it is shown that there is an average increase of science process skills scores from the Cycle 
I to the Cycle II. This is because most of the syntax inquiry learning was already done by the teacher. Steps in the 
inquiry learning can be learned and can help students to practice the process science skills and develop students' 
intellectual attitude.  

3. The level of implementation learning by applying inquiry learning strategies influences the magnitude of science 
process skills’ improvement and students’ learning outcomes XI IPA SMAN 1 Tambun, North Bekasi district of 
the school year 2013/2014 on the digestive system materials. The results of data analysis obtained by the 
percentage of students who completed the study from the Cycle I to the Cycle is also increased. The application of 
learning strategies inquiry will be effective if the whole syntax consists of: finding and formulating the problem, 
proposing a hypothesis, planning solutions with experiments, observations and data collections, data analysis and 
conclusion and inventions have been implemented by the teachers with the long-enough time allocation, therefore, 
the students are ready to receive the materials and effectively use the worksheets. 
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Abstract: The delivery of teaching materials conventionally make students become passive listeners and viewers so that 
students just memorize concepts of matter and less able to use those concepts in a real problem. The concept is a very 
important thing to understand and influence the ways students to solve the problems. Student ways to solve the problem 
by giving students the opportunity to develop it’s own intelligence activities to find an answer to the problems through a 
process of inquiry. The purpose of this research is to develop basic algebra module based on inquiry sequence and 
material series. This type of research is the research and development using a model of instructional development 
institute. The result showed that the validity value of the modules developed on the feasibility aspect of content is 80, a 
validity value aspect of presentation is  82, 9, and the value validity aspect of language and legibility is 80. This research 
resulted in the basic algebra module based on inquiry sequence and material series which uses valid.  
 
Keywords: Basic algebra module, Inquiry, Sequence and series 
 
 
INTRODUCTION 
 

The concept is a very important thing to be understood by the students. The importance of students understand the 
concept of teaching and learning process greatly influence the attitudes, decisions, and the way to solve the problem, use 
of teaching materials which are not appropriate to the situation and condition of the student, classroom management, time 
limitations, are less hardwired and condition of class which are not possible to affect the concentration of students to 
receive material from lecturer. Mathematics is not the exception for these studies, especially students’ learning 
difficulties with abstract mathematics, such as the concepts of linear algebra, which requires the thinking and the 
formulation of abstract concepts. The study of the student mode of thinking is important in order to understand how 
students handle their difficulties of learning in the earliest exposures to abstract concepts as in the first year of linear 
algebra (Meza, 2007).  

Here, the teacher is expected to guide, counsel and facilitate the students with minimal influence, emphasizing on 
critical thinking and scientific skills of these students. These also include science processes and manipulative skills. In 
order to have an effective teaching and learning of science, the teacher must be well-versed in the subject matter. 
However, it was found that the teachers’ pedagogical and content knowledge of science to be inadequate (Hashimah and 
Raper, 2007). It is apparent that these teachers value the processes and concepts interaction in the teaching and learning 
of science. This is nevertheless hindered by their insufficient pedagogical knowledge of this subject. They 
encounterproblems in encouraging a two-way interdependence among pupils in making them understand the 
surroundings as well as the scientific processes (P. Thivilojana: 2014) 

According to Hashimah and Raper (2007), there are several reasons why teachers lack pedagogical knowledge in 
Science. Firstly, the teaching approach used in science classes shows inconsistencies between the objectives of 
curriculum and the patterns of actual classroom interaction. These inconsistencies influence the execution of the 
curriculum as intended by the Ministry of Education. Secondly, the study on the teaching and learning of science reveals 
that the academic achievement of pupils is the main priority of teachers’ intended outcome. Thus, the teachers neglect 
other significant outcomes of learning this subject. Thirdly, there is a discrepancy between the roles teachers assume in 
their classroom and their desired roles. 

One alternative to address the above problems is used teaching strategies and selection of interesting learning 
strategies that can trigger the student to participate actively in teaching and learning activities. One of the learning 
strategies is inquiry method. Methods of inquiry learning is one method where the knowledge and skills acquired of the 
students is not the result expected given a facts but the result by themselves. Lecturer should always design the activities 
refers to the activities of finding any material is being taught (Prastowo, 2012).  

In addition, important things to use inquiry method that must be controlled by lecturer is able to provide learning 
devices which support the learning process, one of that is learning materials which can be learned by the students. It 
means that material must be able to measure the learning behavior without intervention by lecturer or their friends. 
According teacher or educators seems less developed their creativity to plan, prepare, and make learning material, rip for 
innovation so attractive for students (Trianto, 2009). It has be the one of cause of difficulties of mathematic learning. To 
make learning interesting, effective, efficient and innovative learning material requires by using a module. A module is a 
book writen with the goal keeping students can learn independently without or with teacher guidance. The module should 
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describe basic competence to be accomplished by students and served with good language, interesting, easy to 
understand appropriate level and equipped with special ilustrations.  
 
RESEARCH METHODOLOGY 
 

This research is development research by using Instructional Development Institute model. This model applied 
principles of systems approach which consist of three major phases are define, development, and evaluate. At define 
phase by self evaluation the problems and need in development of basic algebra module based on inquiry sequence and 
material series. Self evaluation is carried out through the syllabus analysis, basic algebra book analysis, interview with 
lecturer and students to know the issues and the things lecturers need. The instruments are guidelines of interview 
lecturer and students. On the other hand, accompanied by test of students early ability. The data obtained are analyzed 
using qualitative descriptive techniques. At development phase started by designing a draft design. Then proceed with the 
manufacture of modules and SAP based on the draft. A draft design of the module sequence and series consist of covers 
the learning objectives, materials and learning activities, exercise, a question of evaluation, feedback and follow-up and 
references. After revising the modules based on the results of self-evaluation, the module validated by experts based on 
aspects of the feasibility of the content, presentation, and linguistic. Instruments used to measure the validity of module is 
validation sheet.  
 
RESULT AND DISCUSSIONS 
 

Based on the analysis of basic algebra syllabus, student were able to understand the sequence and material series 
in problem solving. Whereas the competences can prepare students in situations to do their own experiments widely, 
asking questions and looking for answer with themselves by linking the answer with the other participants. To achieve 
this competence, students should be given a student centered approach where the students are encouraged to engage 
directly to ask questions, to formulate problems, conduct experiments, collecting and analyzing data, draw a conclusion, 
discuss, and communicate that meant in inquiry process.  

Based on analysis of basic algebra book, there has not been inquiry process consists of ask, investigate, create, and 
reflect. Learning materials still used book of junior and senior high school. Lecturer expect learning materials that can 
make students understand the concept well through module which can train the students independence and actively 
involved. Based on lecturer interview lecturer obtained that information basic algebra lecture, lecturer still use 
conventional method is preceded by assignments. Although preceded by assignments, students are very difficult to 
understand concept of the material that has been provided through the task.  

Based on students interview, usual method used has been initial implemented with the example problems then 
lecturer delivering material based on given problem instance. Students still do not understand the material well because 
less the application problems. Students learning by learning material are structured starting material, example, and 
exercise without give approach to students are encouraged directly to ask questions, formulate problems, communicate, 
and maked conclusions. 

The test results indicate that students early ability of 35 students, 68% students are on a scale of 1, state that 
students have been identify problems but there are settlement strategy is wrong, but wrong, and explanations and 
interpretations presented by the student is still wrong, 26% students are on scale of 2, state that can identify the problem 
correctly but the completion strategy is wrong, and 6% students are on a scale of 3, state that the students have been able 
to identify the problem, find the strategy completion and the correct interpretation. The test result shown in figure 1.  

 
Figure 1. Students Prior Knowledge Test 

 
This indicates that the student has not been able to understand the problem and identify what facts or information 

has been provided? Students have not been able to choose the approach to problem solving strategies or let students in 
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the form of diagrams, choosing and using knowledge of algebra is known and the relevant concepts to form a model or 
mathematical expressions. In addition students can not interpret solutions, estimate and examine the truth of the answers, 
in whatever answers. 

Creation of modules is done based on a draft plan which has been drawn up. A formative evaluation was 
instrumental in the creation of this module. The evaluation used in the making of this module is a self evaluation. The 
initial design of the module are evaluated by researchers using self-evaluation guidelines then be analyzed and revised 
based on the results of the self-evaluation. Data results initial development at the stage of manufacture of the modules are 
presented based on aspects of the feasibility of the contents (of the material), the presentation, the language and 
readability. Based on the results of the evaluation of the module there is some improvement that is prerequisite Material 
presented in the module hasn't been directing students in understanding the concept of sequence and series, examples of 
reserved, self-contained exercise workout and yet relevant to the material presented, visually, the writing of concepts, 
ideas, terms and formulas of the modules has been presented is unclear, and the presentation of the material have yet to 
bring up the process of formation and understanding of the concept. Based on the results of self-evaluation on the 
module, the module was revised again. As for the results of the revision after the self-evaluation is seen on the pictures 
below. 

 
Figure 2. The Design Of The Base Of The Inquiry On The Module 

 
Based on Figure 2, the presentation of the material has raised the process concept formation and understanding. 

 
Figure 3. The Design Of The Discovery Of New Concepts By Students 
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Based on the revised module repair and subsequently conducted a expert review. Expert review aims to validate 
the feasibility aspect based on the module content, presentation, and linguistic as well as validate the SAP based on 
aspects of the content that is presented, the language, and time. Expert review of data collected through the validation and 
record sheets suggestions submitted orally. The advice followed up with revising the modules developed. Analysis of the 
results of the validation of the module sheet in the expert review can be seen in Table 1. 

Table 1. The Results Of The Validation Of The Module 

No 
Components Of 

Assessment 
Validator 

Total  
Validity Value 

(%) 1 2 
1 Content 27 29 56 80 
2 Presentation 28 30 58 82.9 
3 Linguistic 19 21 40 80 

Total 242.9 
Average 80.97 

 
The results of the validation in the Table 1 shows the average value of 80.97 with very valid category. This 

indicates that the module has been developed that is valid in terms of the material, rendering, and linguistic. 
Development of basic algebra module-based inquiry aims to generate a valid module. Based on the results of the review 
of the validity of this aspect of the matter, the modules that have been developed are categorized very valid with validity 
value of 80%. The results of the validation indicates that the material has been presented in accordance with the main 
competencies to be achieved. The concepts outlined in the material has been reaffirmed with the image. The presentation 
of the material has provided an opportunity for students to understand the concepts and principles that have been studied. 
The material has been presented with a systematic sequence based on systematic steps. The material presented in the 
prerequisite modules have been directing students in understanding the concept. Examples of reserved, exercises, and 
exercises independently has been relevant to the material. 

In terms of presentation, aspect modules that have been developed are categorized very valid with validity value 
with 82.9%. Competence support and how to learn the material was presented clearly. The material in each chapter has 
arranged systematically. Visually, the writing of concepts, ideas, and the term is in the module has been presented 
clearly. The presentation of the material has been membahasakan the idea that want delivered. The presentation of the 
material has been degrading process of formation and the understanding of the concept. The presentation of the material 
has been engaging students actively understand the concept independently. The module has been serving the formulation 
of problems that become the focus for completing data accompanied the matter in accordance with students ' problems 
and provide the opportunity to compose a conjecture or forecasts. 

Review of aspects of language and readability, modules that are developed are categorized very valid with value 
of validity 80%. Module load vocabulary commonly used in the learning environment, using a simple sentence that was 
in accordance with the rules of Indonesian Language. The phrase used was the logical thinking ability may involve 
students with sentence structure in accordance with the understanding of the students. The shape of the font size has been 
in accordance with the readability of the sentence and the students used does not cause the meaning ambiguous. 

 
CONCLUSION 
 

Based on preliminary analysis results against the syllabus elementary algebra, elementary algebra books, 
interviews with professors and students are accompanied by tests the ability of the early students earned are Competence 
and basic competence on the syllabus and learning activities in SAP that do not meet the elements of the inquiry and not 
to involve students actively for skillfully thought and find the concept itself through involvement with the experiments. 
This looks at the presentation, students are only asked to fill an empty section and presented the results of their work 
without finding or review the problems in advance. Based on observations on the book basic algebra, elementary algebra 
material there has not been phases of inquiry in the book. Based on the results of interviews with lecturers and students, 
obtained that information on elementary algebra lecture lecturer still use methods lecture was preceded by administering 
tasks. Although preceded by assignments, students are still very difficult to understand the concept of the material that 
has been provided through the task. Learning materials are used as adjunctive lectures still uses the book of junior high 
school and senior high school algebra book.  

Students have not been able to determine the solution of these problems. This indicates that the student has not 
been able to understand the problem and identify what facts or information provided. Students have not been able to 
choose the approach to problem solving strategies or let students in the form of diagrams, choosing and using knowledge 
of algebra is known and the relevant concepts to form a model or mathematical expressions. In addition, students can not 
interpret solutions, estimate and examine the truth of the answers. 
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Abstract: Self-Concept is the mind or one's perception of itself in relation to the environment. A good living 
environment will enable to have a positive self-concept of the environment. Naturalist intelligence is 
intelligence possessed by individuals with regard to plants, animals and the natural environment. This research 
aimed to examine the relationship between self-concept and environmental awareness, and the relationship between 
naturalist intelligence and environmental awareness. The research was a quantitative multiple correlation study with 105 
students taken in simple random sampling. Data were gained using instruments measuring self-concept, naturalist 
intelligence and environmental awareness. The research showed that: (1) the correlation coefficient between self-concept 
and environmental awareness was 0.525 and a 27.6% contribution with the regression model of Ŷ = -18.133 + 1,042X; 
(2) the correlation coefficient between self-concept and environmental awareness was 0.561 and a 31.4% contribution 
with the regression model of Ŷ = 78.698 + 0.266X; and (3) the  correlation coefficient between self-concept and 
naturalist intelligence toward environmental awareness was 0.636 and a 40.6% contribution with the regression model of 
Z= -13.184 + 0.671X + 0.192Y. This research showed that self-concept and naturalist intelligence are both important 
aspects in building students’ environmental awareness. 
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INTRODUCTION 
 

Environmental degradation is an important issue that we have to solve together. Control and environmental 
improvement have been made by various stakeholders from different sectors. Education is one of the most strategic 
sector to do a variety of environmentally-oriented approach. Students as subjects of education is an individual who plays 
an important role in addressing the environmental issue in the long term. 

One approach for students in the effort to improve the environmental issue is to increase the attitude of 
environmental awareness. This attitude can be formed through a variety of school activities. One slightly different 
approach is through the psychological aspect. Attitude awareness about the environment is basically determined by the 
state or self-perception of students toward himself. In psychology it is called self-concept. According to Soemanto (2006) 
self-concept is the mind or one's perception of itself, is one of the important factors that affect behavior. How someone 
respond or look and feel about themselves is what is called the self (Purwanto, 2011). According to Mercer (2011), 
explicitly states that self-concept is a picture of oneself. Self-concept is human perspective in assessing itself (Puspasari, 
2007). Self-concept is formed through various aspects, one of them is through education and learning. Each student has a 
self-concept that is different from one another, some have a positive self-concept and some are negative. Positive self-
concept will encourage individuals to be aware about the environment. 

The attitude of environmental awareness can also be viewed from the aspect of intelligence. Intelligence of a 
student is not just one type, but there are eight types of intelligence. The eight types of intelligence vary depending on 
each student and one of the intelligence will be more prominent than others. The naturalist intelligence is one of the 
intelligence related to the natural environment. 

According to Gardner (1999) Naturalist intelligence is an intelligence possessed by individuals to plants, animals 
and the natural environment. Individuals who have a high naturalist will have a high interest and love towards plants, 
animals and the universe. Gardner (1999), naturalist intelligence is the ability to know the flora and fauna, to sort and to 
identify coherently in the natural world and use this ability productively, such as for hunting, farming or doing research 
Biology. 

 Students with a high naturalist intelligence would be interested in the environment and love the environment, so 
that it will form the attitude of environmental awareness. Environmental awareness is a human way to conserve nature 
from being disturbed by other people who are not responsible. The attitude of environmental awareness is a maintenance 
effort and environmental protection (Keraf, 2005). Based on the above, this research will focus on aspects of self-concept 
and naturalist intelligence that will form the attitude of environmental awareness. 
 
RESEARCH METHODOLOGY 

250



 

 

 
This study was conducted at a High School at Jakarta. The study conducted using a quantitative approach with 

descriptive correlational method. In this study, the independent variable is the self-concept and naturalist intelligence.  
The dependent variable is the attitude of the student environmental awareness. 

 
 
 

 
 
 
 
 
 
r xy : the correlation coefficient between variables X and Y 
X 1 : the self-concept variable 
X2 : naturalist intelligence variable 
Y : the attitude of environmental awareness variable 
 

Samples were taken from grade 10th high school students as many as 105 students by simple random sampling. 
Data were collected by using the instrument of self-concept and naturalist intelligence and instruments of attitude 
environmental awareness. Prerequisite test analysis of normality was the Kolmogorov-Smirnov at α 0.05 and 
homogeneity test with Bartlett test. The hypothesis test with regression and multiple correlation.  
 
RESULTS AND DISCUSSION 
 
Description of Research Results 

 Based on data, the highest score of self-concept was 185 and the lowest score was 150 with an average 
score was 170.62 and a standard deviation of 7.014. Based on data obtained the highest score of student’s 
naturalist intelligence was 381 and the lowest score was 243 with an average score was 304.44 and the 
standard deviation of 29.35. Whereas the highest score of student’s attitude environmental awareness was 187 
and the lowest score was 107 with an average score was 159.61 and the standard deviation of 13.91. 
 
Prerequisites Test Data Analysis 

Normality test for data of self-concept, naturalist intelligence and data attitude environmental awareness shows 
that these three variables are normally distributed and homogeneity test showed these three variables are homogeneous. 

 
Test Research Hypotheses 

a. Linearity Test 
From the test results showed that the self-concept variable and attitude of environmental awareness have a linear 
relationship. Similarly, the intelligence naturalist variable and attitude of environmental awareness have a linear 
relationship. Thus, further testing is regression analysis between variables. 

b. Regression Analysis Test 
1. The relationship between self-concept and attitude of environmental awareness 

The coefficient regression of the pair data between self-concept (X) with an attitude of environmental 
awareness (Y), was -18.133. Meanwhile, the regression equation was formulated as follows: Y = -18.133 + 1,042X. 

 
Table 1. ANOVA for significance Y = -18.133 + 1,042X model 

ANOVAb

Model Sum of Squares df Mean Square F Sig. 

1Regression 5552.918 1 5552.918 39.255 .000a 

Residual 14570.072 103 141.457   

Total 20122.990 104

a. Predictors: (Constant), Self-concept

b. Dependent Variable: Attitude of Environmental Awareness   
 
 

Figure 1. Research design 
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Table 2. Regression model Ŷ = -18,133 + 1,042X  and correlation between self-concept and attitude of 
environmental awareness 

 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1(Constant) -18.133 28.393  -.639 .524 

Konsep_Diri 1.042 .166 .525 6.265 .000 

a. Dependent Variable: Attitude of Environmental Awareness    
 

Having obtained the regression equation, then test the significance of regression models at a significance 
level of 0.05.  The result showed that significance value  of 0.000 is less than 0.05, it can be concluded the regression 
model Ŷ  = -18.133 + 1,042X was significant (Table 2). Since that the relationship is linear, then performed the 
correlation coefficient calculation using the formula Pearson Product Moment and obtained rxz = 0.525, including a 
strong enough correlation category. Having obtained the results of rxz = 0.525, which was significant at p-value 
<0.05, the final stage is test the coefficient of determination. This test aims to determine the magnitude of the 
variance of the variable Y is determined by the variable X. The results of the coefficient of determination shows that 
only 27.6% of self-concept contributed to attitude of environmental awareness and 72.4% are influenced by other 
factors. 

 
The relationship between naturalist intelligence and attitude of environmental awareness  

The coefficient regression of the pair data between naturalist intelligence (X) with an attitude of environmental 
awareness (Y), was 78,698, meanwhile, the regression equation was formulated as follows: Ŷ = 78,698 + 0,266X. 

 
Table 3. Regression Models Ŷ = 78,698 + 0,266X  and Equation correlation between naturalist intelligence and 

attitude of environmental awareness 
ANOVAb

Model Sum of Squares df Mean Square F Sig. 

1Regression 6327.778 1 6327.778 47.245 .000a 

Residual 13795.213 103 133.934

Total 20122.990 104    

a. Predictors: (Constant), Naturalist Intelligence   

b. Dependent Variable: Attitude of Environmental Awareness   
 

 
Having obtained the regression equation, then test the significance of regression models at a significance level of 

0.05.  The result showed that significance value  of 0.000 is less than 0.05, it can be concluded the regression model Ŷ  = 
78.698 + 0.266 X was significant (Table 3).  Since that the relationship is linear, then performed the correlation 
coefficient calculation using the formula Pearson Product Moment and obtained ryz = 0.561, including a strong enough 
correlation category. Having obtained the results of ryz = 0.561, which was significant at p-value <0.05, the final stage is 
test the coefficient of determination. This test aims to determine the magnitude of the variance of the variable Y is 
determined by the variable X. The results of the coefficient of determination shows that only 31.4% of naturalist 
intelligence contributed to attitude of environmental awareness and 68.6% are influenced by other factors. 

 
The relationship between self-concept and naturalist intelligence jointly with attitude of environmental awareness 
Based on an analysis of the results obtained:  

a. The regression equation obtained is Z = -13.184 + 0,671X + 0,192Y 
b. There is a significant correlation between self-concept and naturalist intelligence with a correlation coefficient 

of 0.463 
c. There is a significant correlation between self-concept and naturalist intelligence jointly with attitude of 

environmental awareness with a correlation coefficient of R = 0.636 and determination coefficient of 0.404 or 
40.4% 
 

DISCUSSION 
 
The Relationship Between Self-concept And Attitude Of Environmental Awareness 
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Based on the results of data analysis and hypothesis test, self-concept of students was in the high category, 
positive, and significant. The results obtained showed that there was a positive relationship and significant between self-
concept with the attitude of  environmental  awareness with  regression  equation  was   Ŷ=-18.133 + 1,042X. It meant 
that if the concept of the student (X) improved 1 score will be followed by an increase in environmental awareness score 
of students (Y) amounted to 1,042 with the constant 18.133. It showed if the self-concept of the students was high, then 
the attitude of the student environmental awareness would be high. Likewise, if the concept of self-concept was low, then 
the attitude of the student environmental awareness would be low. 

Self-concept related to many aspects, namely the aspect of academic, social, and self presentation. Aspects of self-
concept in the social area were a description of themselves in a social context that influenced by the environment, peers, 
and family that make up the student's social attitudes. Self-concept related to how a person observed himself, what he 
thinks about himself, how he assess himself and how someone with a variety of measures seeks to develop and maintain 
himself. One factor that can be a person's self image was a description of oneself to the environment. 

A self-concept towards the environment was a description of a person to the environment surrounding. Positive 
self image to the environment will form positive attitude of environmental awareness. Conversely, if students have a 
negative self image to the environment, it forms negative attitude of environmental awareness. Students who have a high 
self-concept reflected students who have a good self-image to oneself and the environment. With a good self-image, 
students may also have a tendency to have a good attitudes, one of them was the attitude of environmental awareness. It 
might be said to establish a good attitude of environmental awareness one of them was through increasing students' self-
concept. Students must form a positive self-image about themselves. 

Byrne (1996) stated that self-concept will continue to evolve with the development of a person. At the age of 
adolescents (13-19 years), a student already knows abstract things in him as it likes, tolerance, self condition both 
physically and mentally. The development of self-concept in human can not be separated from the external factors that 
influence it. Self-concept will continue to evolve with social relationships. School is one of factors that influence the 
formation of self-concept. Murmanto (2007) stated that self-concept will be formed positively when teachers pay tribute 
to the many efforts that have been implemented in accordance assignment received by the students. Students will be 
more likely to feel valued if involved in the implementation of the learning process, which will form a good self-concept. 
Gunarso (2002) proposed to establish a good self-concept students need to be prepared a learning process that includes 
cognitive, affective and psychomotor. Good learning about the natural environment will form a good self-concept of the 
natural environment in student. 

Students will get to know each other and also the personality themselves, so that students will strive to be better in 
every way, both in the rate of cognitive and behave well. When students have a positive self-concept, it will affect 
confidence, self-esteem, self-stability, as well as the embodiment of him. This is done to achieve recognition and status in 
the social environment. Status and recognition that he achieved will strengthen the self-concept that has been 
incorporated (Anwar, 2009). Students will have a better attitude in the environmental concept. Students are more 
confident that the environment is part of the life of every human being which must be maintained, so that students will be 
more aware with the environment. 

Based on the results, the correlation coefficient of 0.525, means relationship between self-concept and attitude of 
environmental awareness in the students was fairly strong criteria. This is supported by the value of determination 
coefficient of 0.276, which means that only 27.6% of selfconcept of students contributes to attitude of environmental 
awareness of the students. Other factors amounted to 72.4% contributing to the environmental awareness attitude. Self-
concept is a psychological factor that indirectly affected the attitude of students is one attitude of environmental 
awareness. This relates to the character of self-concept according to Schunk (2012) multidimensional, self-confidence, 
self-esteem, self-stability, and self-realization. 

After student has high confidence the students will have a positive image of the environment, assume that the 
environment is a very important thing. Conversely, if the student has less confidence then this will be reflected on the 
students who assume that the environment is a not important thing, so it has less attitude of environmental awareness. 
Self-concept is only one factor in the attitude of environmental awareness. Another factor that determines the attitude of 
environmental awareness can be either knowledge, understanding of concepts, experience, and others. 

 
The Relationship Between Naturalist Intelligence and Attitude of Environmental Awareness 

   
Based on the results of data analysis and hypothesis test, naturalist intelligence of students was in the high 

category, positive, and significant. The results showed that there was a positive relationship and significant between 
naturalist intelligence with the attitude of environmental awareness with regression equation was Ŷ= 78.698 + 0,266X. 
This means that if the student naturalist intelligence (X) improved 1 score will be followed by an increase environmental 
awareness score of students (Y) amounted to 0,266 with the constant 78.698. It showed if the naturalist intelligence of the 
students was high, then the attitude of the student environmental awareness would be high. Likewise, if a student 
naturalist intelligence was low, then the attitude of the student environmental awareness would be low. 

Based on the results, the correlation coefficient was 0.561. This meant that the relationship between the naturalist 
intelligence and the attitude of environmental awareness was strong enough criteria. This is supported by the value of the 
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coefficient of determination of 0.314, which meant that only 31.4% of student’s naturalist intelligence contributes to 
attitude of environmental awareness. Other factors that form attitudes of environmental awareness  as much as 68.6% can 
be environmental knowledge, experience and understanding of the environment or environmental responsibility. 

Students with a high naturalist intelligence would have the ability to know the biodiversity, identify coherently in 
the natural world and use this ability productively. Individuals who have a high naturalist intelligence will have a high 
interest and love plants, animals and the universe. He is not going to cut down a tree, it will not kill and torture animals. 
He will also tend to keep the environment in which it is located. He will love the plants, animals and the environment as 
he loved himself. In addition, a person who has a high naturalist intelligence can do productive activities such as hunting, 
farming or doing research Biology. 

The naturalist intelligence is basically owned by any individual, including students. Each student has a naturalist 
intelligence in his developmental level that varies depending on the activity or use in the learning process. The naturalist 
intelligence can emerge and evolve one way to give time and opportunity to the students to interact with the existing 
natural surroundings. 

From the above discussion related to naturalist intelligence it is seen that students with high naturalist intelligence 
would have a high attitude care for the environment. With naturalist intelligence students will like nature, it will grow the 
attitude and responsibility to care for the environment. Instead students with less naturalist intelligence, would be less 
attention on nature, the attitude of environmental awareness is also less. Students with low naturalist intelligence are less 
interested in the natural environment, including hygiene and environmental sanitation, so it is possible the attitude of 
environmental awareness is also low. 

 
The Relationship Between Self-Concept and Naturalist Intelligence: Joint Attitude of Environmental Awareness 

Based on the results of data analysis and hypothesis test, the relationship between self-concept and naturalist 
intelligence joinly with attitude of environmental awareness was positive and significant regression equation was Z = -
13.184 + + 0,192Y 0,671X. Constants of -13.184 showed that if there is no increase in the value of the variables X and 
Y, the value of the variable Z is -13.184. The regression coefficient of X variable of 0.671 showed that each additional 
value of the variable X will be followed by increase in score of 0.671. Y variable regression coefficient of 0.192 showed 
that each additional value of the variable Y will be followed by increase in score of 0.192. 

Based on data analysis R of 0.636 is included in the strong enough category, with a coefficient of determination of 
40.4% means that the self-concept and naturalist intelligence jointly contribute to attitude of environmental awareness.  

Based on the analysis above, it can be said that in order to improve the attitude of environmental awareness in 
students can be through improved self-concept and naturalist intelligence together. Students with a high naturalist 
inteligence will form a strong self-image on students and form a high self-concept. With these two aspects of students 
will be formed to have a positive attitude as well, one of which is the attitude of environmental awareness. 

Students really need to be improved self-concept itself, because a positive self-concept in students will make 
students confident, able to think logically, sensitive to social and environmental conditions that will ultimately form a 
positive attitude of environment including attitude of environmental awareness. On the other hand, the self-concept 
balanced with high intelligence, especially in the naturalist intelligence would further strengthen the attitude of 
environmental awareness. This is due to that naturalist intelligence directly the students like the activity which is close to 
the natural world, love and sensitive to the environment, which will ultimately form the high attitudes of environmental 
awareness. 
 
CONCLUSION 
 

Based on the research results obtained, it can be concluded that: 
1. There was a positive relationship between self-concept of students with the attitude of environmental awareness. 
2. There was a positive relationship between student naturalist intelligence with the attitude of environmental 

awareness. 
3. There was a positive relationship between self-concept and naturalist intelligence together on attitude of 

environmental awareness.  
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Abstract: Lack of pedagogical content knowledge in questioning skills and how they were observed, lack of co-
operation and not diversify teaching methods that can stimulate the cognitive, psychomotor and affective domains in 
students, making all of these gaps in the research literature. Thus, the researcher makes the development and validation 
of instruments for identifying Mathematics teachers perception about knowledge, simulation models, clinical observation 
and synergy (2P2S) in Professional Learning Community: Lesson Study. The population consists of primary and 
secondary schools in three districts as known Beluran, Telupid and Sandakan, in the eastern part of Sabah. The samples 
are 30 of primary Mathematics’ teachers which non randomly and purposive selected at least have been teaching more 
than 1 year. In mix methods, researcher can analyze used the model IDCV which contains 10 detailed and interactive 
phases to develop quantitative instrument optimally. The revised 2P2S instrument validation phase of quantitative 
analysis involves Rasch measurement model. This instrument has good person reliability at 0.90 and an excellent item 
realibility at 0.92. This instrument has a Standard Error of Measurement (SE) which is low,  ± 0.19 logit. Both Infit 
MNSQ and the z-std are close to ideal value of 1 and 0 [(Infit MNSQ Person = 0.97; z-std = -0.1), (Infit MNSQ Item = 
0.98; z-std = 0.0)] which is you can imagine the suitability of instruments to measure what should be measured based on 
the underlying theorems.  
 
Keywords: 2P2S instrument, pedagogical content knowledge, clinical observation, simulation models, synergies. 
 
 
INTRODUCTION 

 
Mathematics education system in Malaysia has undergone various reforms to improve the quality of curriculum 

and mathematics teachers as needed from time to time. This reform process should be driven by teachers. One of 
educational reforms begun in our country today was the implementation of the National Key Result Areas. It was 
launched on July 11, 2009 and published on July 27, 2009 (Kementerian Pelajaran Malaysia., 2009), by the Prime 
Minister, Datuk Seri Najib Tun Razak after 100 days of his administration, which was documented the state government’ 
initiative to realize the 1Malaysia agenda by Kementerian Pelajaran Malaysia (2009). It focuses on six of the National 
Key Result Areas which was known as NKRA as well as the Malaysian government's efforts to meet the needs of the 
people. Government Transformation Programme (GTP) was also launched by the prime minister on January 28, 2010 
and the education is one of the main targets in NKRA. Often preached that, science mathematics became candlestick 
extension that illuminates the darkness of life in the world. Even mathematical knowledge is prerequisite to the progress 
of civilization ever built and decisive insolence (NKRA, 2009). One of the strategies and programs that has been made to 
achieve quality and affordable in the mathematics education was a Professional Learning Community: Lesson Study or 
better known as PLC: LS. It was first used as a research study in the Masters or Doctorate in Malaysia in 2004 (] Sitti 
Haishah Abdul Rahman, Chiew Chee Mun & Norhaini Abdul Aziz., 2011). 
 
BACKGROUND RESEARCH  
Lesson Study 

For decades, schools in Sabah have been urged to engage in improving and increasing the academic’s 
achievement because always get last place compared to other states throughout Malaysia. In the 1970s, research on 
effective schools and academic’s achievement in Sabah process is through a change in the mindset of teachers 
themselves. Lesson study is the approach in PLC in which teachers work together to review the content, direction and 
how students learn and achieve mutual understanding to improve teaching and learning (T&L) in the classroom (Sato, 
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M., 2003; Sato, M., 2006a). It is recognized by the National Development Staff Council as one of the most powerful 
design to build PLC. As has been reported by the Ministry of Education, as well as many other countries in the world 
such as the United States, Britain, Australia and New Zealand, the main problem faced by the authorities is the lack of 
trained teachers to teach mathematics (Fernandez, Clea & Yoshida, Makoto., 2004). In most developed countries, it was 
found that the mathematics taught by teachers who have diverse backgrounds. This situation was coupled with the ratio 
of teachers to students that too high and its implications, teachers who have diverse backgrounds impacted teaching 
mathematics poorly. Although there among the teachers who have self-adjustment strategies and mechanisms T&L 
practice in their teaching (Wang-Iverson, Patsy & Yoshida, Makoto (Editors), 2005), but for most other mathematics 
teachers they need guidance, collaboration, partnership and conduct their own responsibility in PLC: LS to enable them 
to teach effectively and meaningfully (Lewis, C., 2009). Thus, mathematics teachers are concerned with effective 
instructional dimensions of effective teaching and learning through PLC: lesson study (Roslee Talip et al., 2011). 
 
Pedagogical Content Knowledge (Questioning Skills) 

In the past research or studies on aspects of knowledge in the field of education, especially among the teachers of 
mathematics in Sabah, pedagogical knowledge of a teacher to give students an understanding of the lesson content 
(Noraini Idris., 2010), has received much attention in recent years (Noor Shah Saad., 2002). These studies were 
conducted from inspiration driven (Shulman, L. S., 1986) which has been identified that teachers' knowledge in 
questioning skills was missing paradigm in studies education. Researchers believe that aspects of questioning skills 
among the teachers as defined by Shulman, L. S. (1986), provide a very important contribution to ensuring a good 
mastery of the subject among students. Make up the pedagogical knowledge and how to provide a better understanding to 
the students are two factors that can not be separated from each other and often dealt determinant of an effective teaching 
(Solis, A., 2009). The findings of previous studies found that most teachers of mathematics in Sabah expressed their need 
to increase knowledge about this subject (Shulman, L. S., 1987). Based on the results obtained by Lewis (2009) and 
Shulman (1991), the similarities can be concluded as the level of knowledge of mathematics teachers can be attributed to 
sex, duration of teacher experience, disciplinary specialization and oral communication methods during teaching. Taking 
into the new decades we've been through, the dynamic changes in mathematics education and curriculum as based on 
teachers’ analysis for the recent findings in Peninsular Malaysia, the researcher felt that it was right time to conducted a 
comprehensive studies (Chong, A. K.., 1992; Daud Mohamad., 2000 and Noor Shah Saad., 2002) on PLC: LS among 
mathematics teachers throughout the state in Malaysia especially in Sabah. In PLC: LS, the situation when teachers or 
students ask questions, the communication will occur with actively. However, teachers or students sometimes can not 
clearly understand the questions posed in written or oral. More worrisome if these problems contributed to the weakness 
of students in mathematics. Among the factors that contribute to it are not skilled teachers pose as appropriate questions 
(Shulman, 1987). Therefore, this study aims to identify the extent to which the level of pedagogical content knowledge 
(PCK) of mathematics teachers in posing questions (questioning) in mathematics. 
 
Simulation Models 

The simulation is part of active learning strategies that require the active involvement of students (Ghafar, 2003). 
The findings of Maddux et al. (1992) on the concept of simulation, he describes nine edges of simulation approach. This 
approach is fun, use of low cost, safety is guaranteed, realism, transfer of experience and learning better, minimal threat, 
train critical thinking, encourage socialization and collaboration to maximize learning time (Sharifah Maimunah Syed 
Zin., 2011). Maddux et al. (1992) has idea about the concept of the same simulation studies yield Rio (1997). However, 
in the study of Rio Growth (1997), the concept of simulation has been developed further by saying that his simulation 
allows students to become active, constructive and more responsible for the subjects studied. This learning method that is 
capable of making students active and able to interact well with peers, other students. The students were able to create a 
sense of excitement to an activity carried out. All this will to attract and understanding to master and achieve the 
objectives of subjects such as mathematics teachers. Simulation method is also an activity that requires students to use 
their knowledge and skills in a situation that imitated or simulates real conditions (Joyce, C. R. B., McGee, H. M., & 
O’Boyle, C. A., 2002). Simulation concept is the same as stated in the study. This whole concept fits well with the 
concept of teaching in PLC: LS, which is a process that covers the activities of planning, implementation, evaluation and 
feedback (Johnson, C. C., 2006). 
 
Clinical Observations 

Clinical observation is an important area in teacher education. Teachers should be equipped with knowledge, 
pedagogical skills and skills to manage observations. This statement coincides with the findings who said that the 
education of the present emphasis is on guiding teachers, especially teachers for improving the academic quality of 
teaching. Improving the quality of teaching through clinical observation can help the performance of student learning. 
This is because, assuming all experienced teachers can conduct clinical observation is not true. They should receive 
special training before fully involved. Teachers’ experience must be strengthened with the knowledge and skills in 
teaching observation. It is important because teaching and learning is not just focused on the process of teaching subjects 
but accounting for other tasks such as curriculum development, teaching establishment, agents of changes, staff 
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development and research-based teaching (Baharudin & Mohd. Yusof, 2008). Clinical observation process is intended to 
foster and develop co-operation between teachers and administrators in schools to improve teaching and learning 
processes in the classroom. Furthermore, to develop the potential and capabilities of existing skills among teacher. The 
statement of findings supported by Goldhammer, R., Anderson, R.H., & Krajewski, R. J. (1981) and Cohen, L., Manion, 
L., & Morrison, K. (2007) who said that the process of clinical observation more emphasis to assist and guide the process 
of teaching to a higher level of quality. Researchers also can feel the importance of this clinical observation in KPP: LS 
as by lifestyle and technological advances that have changed, clinical observation process is very important and should 
be used as an instrument for improving the quality of teaching so much. At the same time, the process of clinical 
observation can also be implemented by mathematics teachers to diagnose the level of teaching efficiency their fellow 
friends and other teachers in the classroom. 
 
Synergies 

Every teacher especially mathematics teachers basically observable and can practice learning leadership in PLC: 
LS. Teachers observed would lead themselves and others around them to achieve shared goals of T&L. Synergies intends 
to build and drive PLC: LS effectively and efficiently to achieve the right outcomes. The characteristics and practices of 
reflection in learning of mathematics teachers in essence, will allow the teachers to have the ability to improve their 
teaching through the establishment of PLC: LS efficiently. More than that, the ability to explore new ideas that generate 
processes, materials or innovative methods in T&L, will motivate all teachers of mathematics to implement the PLC: LS. 
Synergies will stimulate the mind of mathematics teacher to discuss, collaborate and create collaborative reflection that 
T&L not be passive or static. Instead, PLC: LS can establish a proactive and dynamic T&L. Synergy can also form 
mathematics teachers to learn mathematics teaching and learning in the classroom as well as actively involved in the 
governance process of continuous learning in the classroom. Although sometimes there are differences of opinions and 
ideas from mathematics teachers, but all this will encourage improvements and changes (Prahalad C. K., & Krishnan M. 
S., 2008). Synergy is the spirit of mutual cooperation, interdependence and positive social skills, accountability, 
leadership or sense of responsibility, professional, clinical observation (guest) as well as soft skills such as 
communication, critical problem solving, teamwork skills, continuous learning and moral ethics (Prahalad C. K., & 
Krishnan M. S., 2008). 
 
RESEARCH METHODOLOGY: MIX METHODS 

 
To expedite the process of this study, researcher has used the study design which is involves the combination of 

quantitative and qualitative approaches (triangulation approach). This study was chosen because it is compatible with 
samples that have been selected, the time allocated and the purpose of this study was made. According to Creswell 
(2009) and Creswell (2012), the incorporation of qualitative and quantitative approaches allow researchers to obtain more 
comprehensive data (Chua, Y. P., 2006). Therefore, these study methods are combinations of quantitative and qualitative 
(Onwuegbuzie, A. J., Collins, K. M. T., & Leech, N. L., 2007a).  
 
Quantitative Method 

In quantitative research design, researcher has used the questionnaires of 2P2S instrument which has been built 
for the respondents. The questionnaire is the heart of a study done by researcher. In other words, it is the replacement for 
the researchers themselves between researcher and respondents (Creswell & Plano Clark, 2011). 2P2S instrument 
consists of five main dimensions of pedagogical content knowledge (Skills Questioning), Simulation Model, Clinical 
Observations, Synergy and Professional Learning Communities: Lesson Study. While for the assessment of the reliability 
and validity of the questionnaire was also made by using SPSS 16.0 and Rasch measurement model. Rasch model 
analysis is a very useful tool for the purpose of examining the legality or validity, and reliability of the instrument 
(persons and items) where it can not be rivaled by other analysis tools (Depdikna, 2005). More than that, the Rasch 
model also meets the five principles of measurement which is able to provide a linear scale with the same interval, can 
make predictions on missing data, can provide more accurate estimate, able to detect inaccuracies replicable model and 
size. 
Qualitative Method 

The researcher used the model IDCV or Instrument Development and Construct Validation by Onwuegbuzie, 
Bustamante and Nelson (2010), to develop the quantitative instrument optimally. The justification for researcher to use 
the IDCV model is because, it uses a combination techniques of quantitative and qualitative research methods. Therefore, 
it is consistent with the design of the study made by researcher. IDCV model contains 10 detailed and interactive phases 
in the development and validation of instrument built. Crossover analysis represents a key mechanism in the IDCV 
Model which is involves one or more types of analysis. For example, the use of qualitative data for the analysis of 
quantitative data and vice versa (Teddlie, C., & Johnson, R. B., 2009). Crossover analysis is also a research paradigm 
that arises as a result of the response to the current quantitative and qualitative research (Onwuegbuzie, Collins, & Leech, 
(2007a). Many observers say that quantitative techniques are sufficient for the development of quantitative instrument. 
However, qualitative techniques can be used to enhance the development of quantitative instrument and vice versa 
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(Creswell, & Plano Clark, 2011). The following is the process IDCV (Instrument Development and Construct Validation) 
which consists of 10 phases. Some of them are as follows: 
 
i. The conception of  what  construct to be built by interest 

Instrument’s construct defined and conceptualized by the model of PLC: LS, theory and social learning by model 
of Bandura (in Friedman, Howard and Schustack, 2008). Review of the literature on theories and models related to five 
dimensions have been studied pedagogical content knowledge, simulation model, clinical observations, synergy, and 
Professional Learning: Lesson study (PLC: LS). 
 
ii. Identifying and explaining item’s attributes which is fundamental to construct 

Items were built based on the specifications of each construct. Items usually exceeds the number recommended in 
the construction of the instrument. In addition, the researcher also created an instrument from adapt and adopt the 
Ministry of Education, Teachers Management Department as well as Education District Office, interview session and 
identify factors with Atlas.ti. Each item is constructed with a specific score that reflects the level of perception. 
Cumulative scores are suitable for testing or psychological instrument where a high score reflects the ability or 
perception as 'Strongly Agree' high (Creswell, 2012). Each item in 2P2S Instrument is a Likert scale of 5 points which is 
“1” represents “Strongly Disagree”, “2” represents “Disagree”, “3” represents “Less Agree”, “4” represents  “Agree” and  
“5” represents “Strongly Agree”. 
 
iii. Developing early instrument 

The initial instrument was developed to identify the perceptions of Mathematics teachers in Professional Learning  
Community: Lesson study. 
 
iv. First field of  test instrument 

Field test conducted after the construction of the instrument (early instrument). These field tests were made 
among the respondents, math teachers. Researcher conducted field trials for 2P2S instrument built on five teachers of the 
group that has the same characteristics as the study sample. They were asked to read the questions submitted and give an 
assessment of the level of readability and comprehension questions in the instrument. Respondents are also required to 
make recommendations to correct weaknesses in terms of direction by given time. Items should comply with the standard 
and are capable of psychometric or performance of elicited the desired perception of the respondents. By doing this, 
notice the direction and any items that are not clearly identified and so that appropriate changes can be made. 
 
v. Design and field test instrument revised 

After the first field test, researcher redesigned instrument that has been reviewed for the purpose of assessing the 
level of readability and comprehension of questions in the instrument. Second field tests on a pilot study will be made 
after that instrument has been designed and revised. The pilot study was conducted on 30 teachers of Mathematics 
randomly chosen in the 3 districts selected for the Beluran (7 respondents), Telupid (10 respondents) and Sandakan (13 
respondents). The pilot study is designed to ensure that 2P2S instrument built  understandable, appropriate and relevant 
as well as can provide information as necessary within the scope of this study. 
 
vi. Ratification of the revised instrument:  Phase of quantitative analysis 

The results from the pilot study will involve several purification and stabilization questionnaire sessions. Thus 
after a pilot study was made, the researcher could determine the validity and reliability of the instrument that have been 
successfully produced. The revised instrument validation phase of quantitative analysis involves Rasch measurement 
model with software Bond and Fox (2010). It is used to get the reliability, validity and determine the appropriateness of 
individual items. The researcher analyzed instrument items after making a pilot study using SPSS 16.0 (key in data) and 
Rasch model for the reliability, authenticity, clarity and accuracy of the items (how precise and how exact the items are 
estimates) with person ability (how much/ quantity on target of the latent variables are evident) 
 
vii. Ratification of the revised instrument: Phase of qualitative analysis 

The ratification of the revised instrument on qualitative analysis phase involves reviewing items based on 
comments and input obtained from the panel of experts (four peoples) who checked the 2P2S instrument. Therefore, 
items that are built will be reviewed by an expert panel consisting of lecturers in institutes of higher learning schools or 
educational faculty in the field of expertise Mathematics and PLC: LS (Learning Management Community: Lesson 
study) using the Delphi technique. The expert panel is a panel in Mathematics for reviewing, updating, combining and 
provide recommendations for improvement items from the item reservoirs were built in the new instrument. The expert 
panel will be also review the items to be clear, easy to understand and not biased item to culture, race and gender. 
Checking in terms of language should also be made by linguists to avoid spelling and grammatical errors. The researcher 
reviewed the items found by the panel of experts as inappropriate in terms of content or does not conform to the 
construction of psychometric items according to expert opinion. Researcher rewrite items, repair of the language, 
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vocabulary and grammar appropriate. Researcher also drop items that are found not to be suitable according to the views 
of experts. 
 
viii. Ratification of the revised instrument: Mixed Phase Analysis - Qualitative Analysis of Dominant Crossover 

Qualitative analysis of dominant crossover involving the face and content validity. An instrument was have been 
face validity of the questionnaire or submitted test set looks like we want to measure it. Face validity of the assessment 
process is consist visual evaluation by the panel of experts appointed. Face validity also involved the social acceptance of 
a technical nature and not as content validity, criterion validity and construct validity requires on systematic statistical 
analysis. Content validity refers to a measurement tool that can measure all the content areas assessed effectively. 
Content validity was also means of measuring the test’s ability, skills and behaviour of respondents who took the survey 
or a specific test. The procedure involves an examination content validity of the test from two perspectives, the 
relationship of the domain specification and content representation to the specification test. 
 
ix. Ratification of the revised instrument: Mixed Phase Analysis - Quantitative Analysis of Dominant Crossover 

Quantitative analysis involves crossover dominant construct validity. It aims to look at the extent to which an 
instrument measures what it is supposed to be accurately measured before the test is considered valid. According to 
Creswell (2012), construct validity is the most complicated because it is evaluated using both statistical and practical 
procedures. Therefore, before the questionnaires were administered to a sample of the pilot study, the face validity and 
content validity had been established first then followed by the construct validity. 
 
x. Instrument development judgement/ Assessment of construct, process and products 

It means that the item was on the psychometric aspects in which items that do not meet the criteria of validity and 
reliability will be removed. Then, the final version of the instrument that will successfully produced at least contain 5 to 
20 items for each construct or dimension. Each item in 2P2S Instrument is a 5-point Likert scale / point of “1” represents 
“Strongly Disagree”, “2” "represents “Disagree”, “3” represents “Less Agree”, “4” represents “Agree” and “5” represents 
“Strongly Agree”. Issue of the instrument’s validity can be handled using the Rasch measurement model. The model is 
unidimensional model based on the assumption that individuals (latent variable) are capable and knowledgeable, have 
more probability to answer all items with certain perception as well as, the probability of a simple item can be answered 
by all respondents with the perceptions of each, when controlled by the difference between the item difficulty (facility) 
and the ability of respondents (Wright and Stone, 1979; Bond and Fox, 2007). Constructs assessment, processes and 
products on the instrument development, are some matters that can not be avoided. This is because, it is an essential 
element before proceeding it to inferential statistics to answer desired research questions and hypotheses. 

 
Population and Sampling 

The population of this study is mathematics teachers in primary and secondary schools in three districts of Eastern 
Sabah such as Beluran, Telupid and Sandakan. According to sources obtained from the Sector of School Management in 
the Sabah State of Education Department in 2015, the number of teachers who have teaching mathematics is 400 
including opsyens and non mathematical opsyens. Sampling technique used is non-probability sampling (non randomly 
sampling) as known as purposive sampling to select a sample that would provide good cooperation, easily accessible and 
are selected based on knowledge or past experience (Cohen, L., Manion, L., & Morrison, K., 2007). This technique is 
widely used (Creswell, J. W., 2012) and the researcher choose it because it coincided with a survey, descriptive and 
exploratory, aimed at giving a rough idea of the phenomenon that exists in a population study (Creswell, J. W., 2012). 
The reasons for choosing the sample also is making judgments about the suitability of the respondent groups such as 
years of service as a teacher who teaches mathematics. The sample size in this study was determined by the method of  
Cohen, L., Manion, L., & Morrison, K. (2007).  

They argue that the determination of the sample size should take into account the significant level and sampling 
error. In this study, researcher was selected a sampling error of 1% and the level of reliability of 99% (significant level = 
.01) as well as confidence interval of 3%. The population in 400 by 1% sampling error condition and level of reliability 
(confidence level) of 99%, was sufficient to make an analysis. It is because, sample is considered to be the mirror of the 
population where it was found, however, no guarantee that the sample is truly representative of the population where it 
came from. One of the reasons that often occurs is the sampling error. Inaccuracy statistical sample estimate population 
parameters determined by sampling error. Sampling error is the error that occurs when the sample is used to infer the 
population. Sampling error is the difference or variation between the mean of a random sample of the population mean is 
normally distributed. The greater the standard deviation (SD) of the sample, the larger the sampling error exists. The 
larger the sample size, the smaller the sampling error. Sampling error is working directly with the sample size and the 
population standard deviation. If the sample size is fixed, the sampling error will increase if the population standard 
deviation increases and vice versa. Increasing the sample size (n) increases or approaching N, the sampling error 
decreases, because when n increases, the standard deviation of a population decline. The small sample size n is more 
prone to sampling error compared with n large. Therefore, the objective of the sampling is to reduce sampling error and 
sampling error can be reduced by adding n.  
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Thus, the researcher determined the size of the sample as suggested by Cohen, L., Manion, L., & Morrison, K. 
(2007) for a population of not more than 400 is 329 respondents. Sample size determination was made based on six main 
aspects such as the type of research, study design, type of population, sampling frame, the sample size required by 
Cohen, L., Manion, L., & Morrison, K. (2007), research questions and objectives (combination techniques of quantitative 
and qualitative research by IDCV Model) as well as measurement scale (interval data by Rasch Model). This population 
is heterogeneous, which has several sub samples such as gender, teaching options, served different periods of time, the 
large sample size is needed. To rank the pilot study, the researcher was only selected 30 samples by purposive sampling.  

 
 
RESULTS AND DISCUSSION 
 
Face Validity and Content Validity By Expert Panel Review 

This face validity is to ensure item clarity, the questions posed, sufficient time and most important item to 
measure what should be measured (Creswell, J. W., 2012). Researcher conducted a pre-test of the instrument with some 
teachers of mathematics who have same characteristics as the samples of the study. They were asked to read the 
questions submitted and give an assessment the level of readability and comprehension questions in the 2P2S instrument. 
Face validity cannot guarantee whether the test really measure phenomena in the domain (Noraini Idris, 2001; Noraini 
Idris., 2010). Therefore, researcher had made the validity of an advance followed by a review of the legality of the 
content by a panel of experts. It aims to enhance the development and validation of this 2P2S instrument. 

Results of the review panel of experts were consisting of four institutions of higher education lecturers who are 
experts in the fields of mathematics and the lesson study, had received feedback on the draft electoral questions, grammar 
and suitability of routine and non-routine questions, writing sentences too long or short sentences to evaluate two things 
in one item. The expert panels were also asked the researcher to write the steps to resolve the problems that are not listed 
in the instrument. Thus, the 2P2S instrument has 5-dimensional and consists of 146 items. 
 
Validity and Reliability with Rasch Analysis 

In this study, researcher referred to the Table of Quality Criteria of Fisher Instrument Rating Scale (Fisher, W. P. 
Jr., 2007) as shown in Table 1. 
 

Table 1. Quality Criteria of Fisher Instrument Rating Scale 
Criteria Weak Medium Good Very Good Excellent 
Targeting > 2 errors 1-2 errors < 1 error < .5 error < .25 error 
Item Model Fit Mean Square 
Range Extremes 

< .33 –  
> 3.0 

.34 – 2.9 .5 – 2.0 .71 – 1.4 .77 – 1.3 

Person And Item Measurement 
Reliability 

< .67 .67 – .80 .81 - .90 .91 - .94 > .94 

Person And Item Strata 
Separated 

2 or less 2 – 3 3 – 4 4 – 5 > 5 

Ceiling Effect: % maximum 
extreme scores 

> 5% 2% –  5% 1% - 2% .5% - 1% < .5% 

Floor effect: % minimum 
extreme scores 

> 5% 2% –  5% 1% - 2% .5% - 1% < .5% 

Variance in data explained by 
measures 

< 50% 50% - 60% 60% - 70% 70% - 80% > 80% 

Unexplained variance in 
contrasts 1-5 of PCA of 
residuals 

> 15% 10% - 15% 5% - 10% 3% - 5% < 3% 

 

i. Reliability and Separation Index Analysis For 2P2S Instrument 
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Figure 1. Reliability and Separation Index Analysis For 2P2S Instrument 
 
From Figure 1, it was found that a total of 4379 data points resulting from the interaction of the 30 respondents to the 146 
items analyzed to produce ready-to-Khi-squared value of 4888.04. Cronbach alpha (KR-20) gross score test showed the 
level of reliability, which is 0.90, which illustrates the ordinal score marks. Rasch analysis in Figure 2 also shows the 
high reliability item, that is 0.92 which indicates adequacy of items to measure what should be measured. High quality 
item that shows he is able to separate individual with a good separation of power, the Person Separation = 2.92. 
Generally, a math teacher or whether the option is not an option in schools, available practice management Professional 
Learning Community (KPP) in Lesson Study (LS) are both at the level of μ = + 4:03 logit depicted on the mean person. 
According to Azrilah et al. (2013), to scale proportions (rating scale) is determined in the Summary Statistics, which the 
lowest MNSQ SD Infit Person and the highest Person Separation, are best items suitability. 

This figure also shows the maximum level of measurement item is +9.22 logit (SE: 0.57) compared with the 
maximum measurement height of +5.72 Person logit (SE: 0.26). Range scale items that can be used also only from +2.35 
to +9.22 logit wide is 6.87 logit. There is a significant gap that shows teachers who teach mathematics are free to items, 
wide 3.5 logit of +5.72 logit to +9.22 logit showing management practices in KPP: LS is high, representing primary and 
secondary schools. Besides, this figure also shows that there are items that are free Person measurement item showing a 
much lower minimum at -1.44 logit compared with the math teacher who at least practice LS, which is expected at the 
level of logit only 2.35. This shows some of the items as wide as 3.79 logit become common practice for teachers to 
teach mathematics in the classroom at school. This instrument has a Standard Error of Measurement (SE) which is low,  
± 0.19 logit. Both Infit MNSQ and the z-std are close to ideal value of 1 and 0 [(Infit MNSQ Person = 0.97; z-std = -0.1), 
(Infit MNSQ Item = 0.98; z-std = 0.0)] which is you can imagine the suitability of instruments to measure what should be 
measured based on the underlying theorems.  
 

Table 2. Criterion validity in 2P2S Instrument 
Criteria Statistic Info Result 
Item Validity 
Item = 146 

Item Polarity 
Incompatibility item 
PCA Of Residuals 
Respondents’ Reliability 
Items’ Reliability 

All items show the PTMEA CORR> 0.1 
All items showed a mean squared Infit between 0.72 
to 1.24 (Level Of Very Good) and Outfit between 
0.66 to 1.26  (Level Of Good) (Fisher, W. P. Jr., 
2007). 
There are 52 items showed Misfit value <0.72 and > 
1.24 because the Item Infit MNSQ range is 0.72 to 
1.24, has 8 items in negative value and has 39 
redundant items. 
Rasch dimensional recorded 60.1% of the variance 
which is equal to 60.1% of the model. 
Respondents’ reliability were 0.89  
Items’ reliability were 0.92 

Individual 
Distribution 

Distribution of teachers answered the  
2P2S Instrument questions/items 

Over the logits 5 (from 2.35 to 5.72) which is getting 
closer to the logits 6.0 

Item 
Distribution 

Distribution of items answered by 
teachers in 2P2S Instrument 

Over the logits 9 (from -1.44 to 9.22) which is getting 
closer to the logits 10.0 

Validity of 
Respondents’ 
Response     

The Percentage Of Mean Square 
For Respondents Between 0.5 - 2.0 

Infit     6.7% < 0.71 
            6.7% > 1.23 
Outfit  10% < 0.71 
             6.7% > 1.23 

Validity of  
Items’ 
Response 

The Percentage Of Mean Square 
For Items Between 0.5 - 2.0 
 
 

Infit      8.9 %  < 0.72 
            15.8 % > 1.24 
Outfit   12.3% < 0.72 
             16.4% > 1.24 

 
ii. Item Suitability  
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Results of the survey carried out revealed that the mean square Infit item is between 0.72 to 1.24 (Table 3). While the 
mean square Infit individual is between 0.71 to 1.23 (Table 4). 
 

Table 3. Validity (Item Suitability) Items’ Response (item) on the 2P2S Instrument 
Mean Square 

Value (MNSQ) 
Infit Outfit 

Frequency Percentage (%) Frequency Percentage (%) 
Less than 0.72 13 8.9 18 12.3 
0.72 to 1.24 110 75.3 104 71.3 
More than 1.24 23 15.8 24 16.4 
Total 146 100 146 100 
 

Table 4. Validity (Item Suitability) Respondents’ Response (Individual) on the 2P2S Instrument 
Mean Square 

Value (MNSQ) 
Infit Outfit 

Frequency Percentage (%) Frequency Percentage (%) 
Less than 0.71 2 6.7 3 10 
0.71 to 1.23 26 86.6 25 83.3 
More than 1.23 2 6.7 2 6.7 
Total 30 100 30 100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  Item Statistics: Misfit Order 
 

To assess the impact of any misfit, respond with suspicion and do not meet the characteristics of the measurement as the 
MNSQ <1, the z-std is> ± 2, PMC is negative, will be improved or dropped. In this study, it was found that there are 52 
items which misfit. 13 of them are maintained and accepted as having value MNSQ Infit items that are in the range of 
0.72 to 1.24, the value z-std are within the range of -2 to +2, the PMC positive and non-recurring measure logit 
(redundant). While 39 items were dropped because PMC for 8 items were negative, which that the items being measured 
is not in the same direction. In addition, the researchers also reviewed the MNSQ items that are more than 1.24 and less 
than 0.72, the value z-std more than ± 2 and redundant logit measure. This forecast was reinforced by the high Outfit z-
std, t => ± 2. (Figure 3 and Figure 4). 

Items piled the items that have the same logit be regarded as redundant items which are measure the same strength 
would be omitted. This situation is one of the signs of distrust in Rasch analysis and further strengthen an item, then the 
item is to be dropped. Although the researchers can choose to let only those items like this but it could affect the 
measurement of the length of time the respondents to complete the survey response and the accuracy of the measurement 
for more items to be answered, so the more time is needed and many recurring items. Accordingly, a more appropriate 
way of language should be revised to measure what is desired or what you want to drop. 
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Figure 3.  Person Statistics: Misfit Order 
 

Reliability can be affected negatively as a result of poor response and uncertainties of a misfit Person. The 
response that causes distortion in the actual measurement should be set aside. Data from respondents can be categorized 
as such data can not be trusted. To identify patterns of different Person of the ideal, Table 6 shows the Person misfit 
intended. Just as the item, quantity Infit MNSQ Mean ± SD, 0.97 + 0:26 = 1.23, while the difference Infit MNSQ Mean - 
SD, 0.97 - 0:26 = 0.71 should be revised. Person Infit range is between 0.71 to 1.23. Respondents who have Point 
Correlation Measure (PMC) is negative, indicating that perceptions of decision-making or unusual. This is a case of 
observation to demographic characteristics that may contribute to such behavior. The following display will indicate 
Person misfit concerned. It was found that there were respondents in the 2nd, 5th, 6th, 7th, 14th, 20th, 22th, 24th and 
26th are misfit person (the person who differs from the ideal pattern). The researchers also looked at measure if there is 
the same logit or repeated (redundant) and greater value than z-std, t> ± 2, which was showed that the respondents were 
unable to give required rating scale (perception of unforeseeable circumstances). 
iii. Unidimensional 
 

Table 5. Variance of Standardized Residuals (In Eigenvalue Unit) 
Table of STANDARDIZED RESIDUAL variance (in Eigenvalue Units) 
                                                                              (Observed)     Empirical         (Expected)  Modeled 
Total variance in observations              =                365.6           100.0%                   100.0% 
Variance explained by measures             =               219.6             60.1%                     60.1% 
Unexplained variance (total)                =               146.0             39.9 %  100.0 %    39.9 % 
Unexplained variance in 1st contrast        =                 12.2                3.3 %       8.3 % 
Unexplained variance in 2nd contrast       =                 12.1                3.3 %      8.3 % 
Unexplained variance in 3rd contrast        =                 11.4                3.1 %      7.8 % 
Unexplained variance in 4th contrast        =                 10.0                2.7 %      6.8 % 
Unexplained variance in 5th contrast        =                    9.0               2.5 %      6.2 % 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Standardized Residual Contrast 1 Plot 
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Based on Table 5 above, the researcher found that the variance was 60.1%. Therefore, the variance was greater 
than 60% and was good level for acceptance. Therefore, in addition to having the reliability of the individual and the 
well-received item (0.89 and 0.92 respectively), this 2P2S instrument was unidimensional which is describing items by 
interacting with both attributes. While the raw variance explained by measures is 39.9% for the same empirical and the 
model of 39.9% as well. The measured noise level is 3.3%. It means that the noise level of the instrument 2P2S are in 
scale very well (Fisher, W. P. Jr., 2007). According to Figure 5, it shows Standardized Residual Plots Contrast 1, which 
shows a difference in residuals for respondents. Each letter is one individual (respondent) to a maximum of 30 people, 
AZ and az. For people who are 53-74, "1" means that there is one person at a location in the plot. "2" means that there are 
two persons and so on. The Rasch dimension explains 60.1% of the variance in the data is good (Fisher, 2007). The 
largest secondary dimension, "the first contrast in the residuals" explains 3.3% of the variance which is somewhat greater 
than around 15% that would be observed in data like these simulated to fit the Rasch model and not over than 15%. The 
eigenvalue of the first contrast is 12.2. This indicates that it has the strength of about more than 5 items, somewhat bigger 
than the strength of five items (an eigenvalue of 5), the smallest amount that could be considered a "dimension". Contrast 
the content of the items at the top and bottom of the plot in Table 5 to identify what this secondary dimension reflects. In 
addition, there is no correlation between the item that has the standard large residual correlation, exceeding the 0.70 level 
control. This suggests that respondents see a couple of items relating not same subject matter and the instruments 
independent of any confusion in terms of the purpose and intent of the survey was conducted (Azrilah et al., 2013). 
 
Reliability Index for 2P2S Instrument 

According to Fisher (2007), as shown in Table 1, the reliability was good at 0.81 and excellent at > 0.94. The 
analysis showed that both values have proved this 2P2S instrument has good reliability and strong to be used to identify 
teachers' perception towards mathematics pedagogical content knowledge, simulation models, clinical observation and 
synergy in the implementation of the PLC: LS.  
 
Construct Reliability and Validity for 2P2S Instrument 
 

Table 6. Reliability and Validity Coefficients For Each Construct In Instrument 
Five Constructs In 
2P2S Instrument 

Numbers 
Of 

Items 

Cronbach’s 
Alpha 
 

Person Raw 
Score-To-
Measure 

Correlation 

Item Raw 
Score-To-
Measure 

Correlation 

S.E of 
Person 
Mean 

S.E of Item 
Mean 

Pedagogical 
Content 
Knowledge 
 (Questioning Skills) 

 
25 

 
.78 

 
.98 

 
- .99 

 

 
.20 

 
.16 

Simulation Models 37 .87 .99 - .97 .19 .10 
Clinical Observation 26 .85 .94 - 1.00 .28 . 09 
Synergy 27 .62 .95 -1.00 .18 .09 
Professional 
Learning Community: 
Lesson Study 

25 .83 .96 - .99 .23 .10 

 
Overall, the constructs which had positive and negative correlations were significant. Thus, these constructs had the 
validity of a satisfactory and successfully measured the perception of teachers in the implementation of lesson study. So, 
these constructs are suitable. 
 
Probability Curve 

In terms of functional categories for Outfit and Infit matching items, the findings indicated that the value was 1 
which is between 0.7 and 1.3. According Fisher, W. P. Jr. (2007), the rating scale and the mean square, Infit and Outfit 
are good and acceptable on 0.7 to 1.3. However, the response of the 5-points Likert scale was not clear response structure 
(12345) in Figure 3 below. It shows the scale of category 1 (Strongly Disagree) and scale of category 2 (Disagree) were 
protected categories under category 3, category 4 and category 5. It shows that all the responses category 3, category 4 
and category 5 were function better than category 1 and category 2. 

Based on these findings, category 1 (Strongly Disagree) and category 2 (Disagree) sheltered used as category 3 
(Poor Agree) and category 4 (agree) to scale 34345 by 3-points scale and the results are shown in Figure 5 below. Figure 
6 shows that no category of response which protected and thus all response 34345 of 3-points scale works well. 
Therefore, this 2P2S instruments work better in a 3-point scale (34345) compared with the 5-points scale (12345). 
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Figure 5. The Structure of The Calibration Scale Rating 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Probability Curve In 5-points Likert scale (12345) 
 

Calibration scale is an important element in any system of measurement and data validity. The validity of the 
scale has been determined whether the data collected are valid for analysis and processing, thus able to generate 
meaningful information. What is certain that the Rasch model is able to offer is like a simple method to produce more 
logical instrument calibration using Likert scale. The instrument is not calibrated will publish the data can not be used for 
purposes analysis. Observed average increased consistently and evenly from -4.35 to 4.82, which shows consistency in 
response patterns. Rasch - Andrich Threshold is used to enable the formulation of the calibration scale response for each 
item. This threshold shows the change during an individual's decision-making process of moving from one scale to the 
scale of the next and so on. This value is expressed in the calibration structure which showed a difference of a subsequent 
threshold should exceed 1.4 but not exceeding the value 5. If the difference is less than 1.4, then the rating scale was 
supposed to be collapsed and if the difference is over than 5, the rating is would be separated. 

From Figure 7, scale rating of 1 and 2 (threshold = 3.06), scale rating of 2 and 3 (threshold = 1.08), scale 3 and 4 
(threshold = 1.42), as well as scale rating of 4 and 5 (the threshold = 6.17 ). For scale rating of 1 and 2 and 3 and 4, the 
threshold exceed by 1.4 and less than 5. Therefore, scale 1, scale 3 and scale 4 were maintained. While the scale rating of 
2 and 3 ( threshold = 1:08) was less than 1.4. Therefore, a rating scale was supposed to be collapsed because scale rating 
of 2 and 3 were found to be too close to the isolation of less than 1.4 points. Thus, a new scale to be tested can involve a 
combination of options such as 12245. As scale rating of 4 and 5 (threshold = 6.17) was supposed to be separated. Thus, 
a new scale to be tested can involve a combination of options such as 12234. Any combination of these calibrations 
either 12245 or 12234 will be chosen as the best when obtained the smallest Infit MNSQ and SD for each item and 
person, as well as the biggest value of person separation. 
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Figure 7.  Item Difficulty Mapping 
 

Figure 7 showed the empirical percentage for 2P2S instrument as defined by the results of the analysis item in 
Rasch model. Min for the measurement item was between -1.15 logit to 1.49. Researcher found that the distribution of 
items in this 2P2S instrument in the form of a symmetrical arc-shaped and has a positive skew. It means, the items in this 
2P2S instrument were appropriated for measurement. From Figure 5 also showed the distribution of the respondents was 
in the top right. It means that all respondents can respond on their perception of the items 2P2S instrument and all items 
can be answered by the respondents. According to Fisher (2007) and Linacre (2011), the respondents were able to answer 
or at least agree on the difficulty items which had high ability while simple items were could be answered or agreed to by 
the respondents with high and low ability. Based on the mapping of item difficulty (item map), it was found that 
respondents with high ability did not have  problems to agree on all the items in this 2P2S instrument. 
 
CONCLUSION 
 
The results of the analysis, enabling several iterations of the analysis included data generated by some combination of the 
Likert scale rating to drop items that do not fit (A1, A2, A3, A6, B1, B13, B18, B18, B2, B3, B4, B7 , C10, C12, C13, 
C14, C15, C17, C18, C20, C25, C26, C29, C30, C31, C5, C7, C9, D11, D12, D13, E12, E27, E7, F1, F3, and F6) 
includes a person who provides an unexpected response (person-to-2, 5, 6.7, 14, 20, 22, 24 and 26). Finally, a purified 
instrument can be shaped to suit the parameters of good measurement. Table 7 shows the significant transformation that 
occurs on an instrument that has fulfilled all requirements in accordance with scientific metrology measurements. The 
values in Table 7 are the best measure that has been refined, while the incline is the original value. 
 

Table 7: Iteration Analysis 
Reliability  Item : 0.88 (0.92) Person: 0.85 (0.89) Person 

separation: 
2.40 (2.92) 

Infit MNSQ 
SD 

Item: 0.27 (0.26) Person: 0.11 (0.26)   

Mean error Item: 0.55 (0.44) Person: 0.24 (0.19)   
PCA 
Variance 
Measured 

Empirikal 40.4% 
(60.1%) 

Modeled: 40.4% 
(60.1%) 

  

Unexplained 
1st Contrast 

7.3 % (3.3%) Eigen value: 13.0 
(12.2) 

  

 
The instrument that has been purified show better reliability that the wide range of items logit more longer, 1.27 logit 
compared respondent (person) with 1.1 logit. The measures for the item enhancement of 13.4% up well. The instrument's 
ability to measure what should be measured through indicators PCA found to have increased substantially by 40.4% 
point which surpassed the minimum 40% required by the Rasch analysis. After calibration, combination 12245 and 
12234 are made, the Infit MNSQ SD item and person value also become small and the higher considerable person 
separation was obtained. 

 
 
 
 
 
 
 
 
 

Figure 10. Probability Curve In 5-points Likert scale (12234) 
 
 
 
 
 
 

Figure 10. Probability Curve 
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Abstract. Calculus is a branch of mathematics that is studied in Senior High School. Integral is one of the subjects in 
Calculus, but the Instructional Design Approach of Integral Learning in MAN 4 Jakarta is not contextual yet and lack of 
relational understanding development. The purpose of this research is to develop a Local Instructional Theory using 
RME as an Instructional Design Approach to build students’ relational understanding of Integral. This research is using 
the Design Research Method which consists of three cyclic phases which are preparation and design, teaching 
experiment, and retrospective analysis. The contexts that are used in this research are the derivative of a function, wall 
paper, and the definition of a function. The retrospective analysis shows that the context used, mathematical process, and 
the activity of the students and teacher proved to be able to build students’ relational understanding, with contexts as the 
tools in thinking activities from “model of” to “model for”. The result of this research is proved by the ability of students 
to explain the fact of the process and results of his/her work. 
 
Keywords: RME, relational understanding, Integral, wall paper. 

 
 

INTRODUCTION 
 

The mathematics learning objectives in Indonesia correspond to the NCTM (National Council of Teachers of 
Mathematics): 1) problem solving, 2) reasoning, 3) communication, 4) connection, and 5) representation, that can be 
achieved by learning mathematics in school from elementary, junior high, to senior high school. Students of twelve 
graders of MAN 4 Jakarta still have difficulties in several mathematical materials, such as Integral in Calculus. The 
difficulties that experienced by the students correspond with the 20 years of research compiled by Kizito (2012), that the 
students don’t have the relational understanding about Integral, yet. Students could solve and answer procedural 
problems, but struggle to solve the conceptual problems, and they didn’t even try to solve it. It was probably caused by 
the learning process. Anthony and Walshaw (2009) stated that learning activities which lack of students engagement will 
cause the students struggle to be able to solve mathematical problems. The learning objectives can be achieved by 
building a condition of fun learning and learning understanding using context that can be the previous understanding 
(Heuvel-Panhuizen, 2001), which can be achieved by using the Realistic Mathematic Education (RME) approach. RME 
uses guided reinvention method and contextual problem (Gravemeijer, 1999). The context gives the opportunity to 
students to develop mathematical understanding by changing from “model of“ to “model for“. Students can do an 
intertwinement that connects the new math material with the math material which had been understood, followed by 
interactivity with other students and teacher. 

Solving a math problem with a self-chosen strategy, can be conducted with relational understanding. Relational 
understanding in this research is reconstructed from Skemp by Kinach (2002): 1) Content level understanding, 2) 
Concept level understanding, 3) Problem solving level understanding, 4) Epistemic level understanding, Relational 
understanding occurred when someone can use a mathematic procedure using the mathematic concepts that he/she has 
understood, and then can make the relation among what to be learnt with what has been understood. Learning with the 
Realistic Mathematics Education (RME) approach can give the opportunity to construct the relational understanding. The 
local instructional theory of Integral subject using RME approach can be built using a Hypothetical Learning Trajectory 
by a Design Research. According to that, the Design Research: Realistic Mathematics Education (RME), as an 
Instructional Design Approach for MAN 4 Jakarta Eleventh Grader Students Majoring in Social Studies to Build 
Relational Understanding of Integral was conducted. 

According to the reconstruction of understanding from Skemp by Kinach (2002) and the Minister National 
Education Indonesia number 22nd year 2006 about content standard for Elementary and High Education Unit, the 
development of relational understanding is restricted to: 1) content level understanding (can show the basic facts using 
algorithm), 2) concept level understanding (can analyze and synthesize patterns), 3) problem solving understanding (can 
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use scientific method to solve problem independently), 4) epistemic level understanding (can give valid mathematics 
proves). The mathematics content in this research is the Integral for social studies major in MAN 4 Jakarta: 1) Indefinite 
Integrals; and 2) Definite Integrals. 

The purpose of this research with a Design Research method is to develop Realistic Mathematics Education 
(RME), as an Instructional Design Approach for MAN 4 Jakarta Eleventh Grader Students Majoring in Social Studies to 
Build Relational Understanding of Integral. The research use for students is to escalate the quality in mathematics 
learning process in Integral with Realistic Mathematics Education (RME) As an Instructional Design Approach for MAN 
4 Jakarta Eleventh Grader Students Majoring in Social Studies to Build Relational Understanding of Integral. The 
strategy and learning design that developed in this research can be used as an alternative in teaching. Teachers can use 
the Local Instructional theory in this research, so he/she can be more focused in doing the fun learning activities 
effectively. 
 
THEORETICAL REVIEW 
 
Realistic Mathematics Education 

Realistic Mathematic Education (RME) was developed since 1971 by the mathematician Hans Freudenthal in the 
Netherlands. Gravemeijer and Terwell (2000) support this learning approach with their opinion that learning mathematics 
will be more meaningful for students if started with the investigation about man activities. Furthermore, Heuvel-
Panhuizen (2001) explain that realistic is not only a situation in the real world, but also things that can be visualized by 
students such as stories and formulas. Using contexts help students to construct mathematics concepts, because the new 
mathematics concepts that have to be learnt is easy to be connected with the prior knowledge. In order to achieve 
understanding, activities to connect the new knowledge to the prior knowledge is important since mathematics is not to 
be given as a final formula that is ready to be used (Gravemeijer and Terwel, 2000). Understanding can’t be given by 
teacher to students. It has to be constructed independently by students (Lynn, 1999). Understanding can be constructed 
by directing students to reinvent mathematics ideas or concepts by mathematical process by solving realistic mathematics 
activities. This is supported presentation by Heuvel-Panhuizen (2001) that when working with contextual problem, 
students develop mathematical process and understanding.  

 
Figure 1. Reinvention in RME 

 
Gravemeijer (2000) stated that the RME principles are: 
a. Guided reinvention an progressive mathematization, to find the independent way to solve mathematics problems 
b. Didactical phenology (the use of phenomena in learning math) 
c. Self-development model 
The principle of RME is supported by five characteristics presented by Treffers (in Gravemeijer, 1994): 
a. Using context 
The context not only as an illustration, but furthermore the contexts are really used as the tools to reinvent mathematics 
context. Heuvei;-Panhuizen (2001) presented that context is the important thing in learning use the RME approach, since 
has the functions as follows: 

1. Concept forming gives the opportunity to students to reinvent concept naturally using context.  
2. Model forming make the context can be used by student to develop many strategies to reinvent mathematics 

concept. 
3. Sufficiently flexible to be applied makes the context can give the opportunity to students to see the application 

of it in the real world 
4. Fit with the students’ informal strategies means that Students use context to explore and to explain about the 

solution using context as the tools to solve problem. 
b. Use models to Progressive Mathematization 
c. Using the Students’ Construction  
d. Interactivity 
e. Intertwinement 
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According to those experts’ opinion, so the learning activity that use the RME approach has to be started with context 
from the real life of the concepts that had been understood by the students, and then followed by the discussion to solve 
the problems to get the solution of the problems, eventually student can reinvent the mathematics concepts 
independently. 
 
Integral Learning 

Ryan (2005) presented that Integral is a part of Calculus. The definition of calculus is parts of mathematics that 
analyze the aspects of changing in process or system that can be modeled by function, using two primary tools namely 
derivatives and integrals. Differentials and integrals emerge from the idea of limit; develop from the function concept in 
the intervals decreasing to almost zero. The relation between differential and integral, known as the fundamental theorem 
of calculus, founded at the end of 17th century independently by Isaac Newton and Gottfried Wilhelm Leibniz. Purcell 
(1996) presented that the fundamental theorem of calculus connect the gradient problem with the wide area problem. 
Indefinite Integral is an anti-differential. 
 
Instructional Local Theory 

The purpose of this design research is to develop a local instructional theory to construct relational understanding 
students in the realistic mathematics frameworks, which serves as a theory that is proven empirically on how a series of 
learning activity can be used for students majoring in social studies to build the relational understanding on Integral. 
According to the presentation above, so this design research is arranged in 6 stages: 
1. Using the relational understanding that Integral is an anti-differential with the model of is polynomial function which 

the term in the polynomial function which consist of only a constant stated with two factors the characteristic and the 
variable powered by zero, to explain why the indefinite integral has to be added by a constant noted by C.  

2. The second stage is using the relational understanding with the model of is the function that pass through a point 
 to find the value of the C in the anti-differential function. 

3. The third stage is a guided reinvention on a concept of wide area as the limit of additional the wide areas of 
rectangular which the wide of each rectangular very close to zero, so the numbers of the rectangular is near to 
infinity in the interval  that use the model of hang wall paper. 

4. The fourth stage consists of activities to do the algebra manipulation using integral to find the wide area between 
graph and x axis in interval . 

5. The fifth stage is using the relational understanding with the model of is the definition of a function. The students 
understand the definite integral using substitution. 

6. The sixth stage is using the relation understanding with the model of is the differential of the function of 
multiplication of two function, as the tools to understand the partial integration. 

 
Hypothetical Learning Trajectory 
Hypothetical Learning Trajectory is made to clarify the Local Instructional Theory into mathematics learning activities in 
each meeting. There are nine meetings of learning, and one meeting of test in this design research. 
 
RESEARCH METHODOLOGY 
 

Bakker (2004) stated that design research has three phases: (1) preparation and design (thought experiment); (2) 
teaching experiment (instruction experiment); and (3) retrospective analysis (produce conjectured local instructional 
theory), that form a cyclic process in each phase also in overall of the design research. 
 

 
Figure 2. The reflective Relation between Theory and Experiment 
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This research is conducted in the second semester of year 2015/2016 at MAN 4 Jakarta. According to the criteria of 
choosing the research subject such as the prior ability, the activity of students in the teaching experiment phase, so it was 
chosen six research subjects. Then it was discussed with the observer whether those six students are suitable to be 
chosen. 

The data collected in this research is the video recordings, photos, students’ work, and field notes (log). The 
methods to collect data are: pencil and paper methods, interview methods, and ostensive methods with video tape. The 
research instruments are: (1) video tape, (2) work sheets, (3) audio recording, (4) fields notes, and (5) Hypothetical 
Learning Trajectory Validity and reliability in this design research is needed to get the research result that can be proven 
right and valid. There are two kinds of the data: validity ecology validity and internal validity. And there are two kinds of 
data reliability: external reliability and internal reliability. 

Interpretation framework is the part that explains the method used to analyze data of research result that is the 
series of learning process in the class community that related with the development of mathematical process. 
Gravemeijer (2006) stated that there are two criteria in interpretation framework, that is (1) the framework to interpret the 
development of students mathematical thinking process as the overall in a class, (2) the framework to interpret the 
development of students’ mathematical thinking as an individual 
 
RESEARCH RESULT AND DATA ANALYSIS 

 
The following will be explained about the process of learning experiment in class and the data from it will be 

analyzed. The data analysis using the Emergent Perspective Interpretation Framework and will be explained for each 
meeting. 
First Meeting: Integral as anti-differential 
 

 
Figure 3. Students’ Work about the Sketch of the Quadratic and the Third Power Function 

 
By using the idea that  in discussion activities, students reinvented that since the differential of any constant was 
zero, the students found that the anti-differential of zero could be any constant number. By working backward the student 
find the pattern that anti differential of any polynomial function has to be added by a constant that noted by C. 
Second Meeting: Determine the Integral of function that passes through the point  
The students used the definition of gradient as the context in this meeting, and then use the definition of function that 
passes through a point.  
Third Meeting: The exercise on Integral as anti-differential and determine the function of Integration. 
The students asked to solve the open ended question about indefinite integration. Then by using the relational 
understanding in the discussion, the students can find which function that can be the answer, either which function that 
can’t be the answer. The students also can apply that in the graph, to explain about the possible answer. 
The Fourth meeting: Understanding Integral as a wide area 

Having the students had the prior knowledge about the wide area of regular shapes, learning activity continued 
with the challenge to cover a wide area of a wall that has irregular shape with wall paper. The video of how to hang wall 
paper was presented to the class. 
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Figure 4. How to Hang Wall Paper (Courtesy from YouTube) 

 
Figure 5. Animation to Hang Wall Paper in the curved area 

 
The students then filling the worksheets on determining the wall paper needed to cover the area of the wall that the shape 
is a quarter of the circle area if the wide of the wall paper are 1 unit wide, 0.5 unit wide and 0.1 units wide. The students 
then analyze the results to answer which total area needs was the nearest to the wall area that has to be covered. After 
finding the result the students get the further question what will it be with the total area of the wall paper, if the wide of 
the wall paper decreasing? If the wide of wall paper is zero, what is the total area of the wall paper? So, what is the 
minimum wide of wall paper to get the nearest total area to the area of the wall that has to be covered? Amazingly, the 
students work on these tasks entirely, although they did not use to work on essay task. By actually doing this task, the 
student can analyze and come up with an idea that the technique on how to hang wall paper that the teacher offer will not 
be satisfied by the costumer since there will be area which not be covered.  

 
Figure 6. Student’s work on Hang Wall Paper to Cover the Quarter of Circle Wall 

 
The following activity is the teacher introducing the formal notation on what the students has been working on, as 
follows: 
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Formula 4.1. Definite Integral 
 
By actually working to calculate the total wide area of wall paper with different wide, the students easily saw the idea of 

 that affect to the increasing of the wall paper numbers that directed to the idea . 

Students can easily see that using integral to determine the wide area is only the other way to find the wide area that is 
more effective to be used on irregular shapes. 
 
The fifth meeting: Determine the wide area between above x axis and a graph and the wide area between under x 
axis and a graph 
Using the wall paper, makes the students easily see the wide area has to be a positive value, since there is the wall paper 
needed to cover it.  
 
 
The Sixth Meeting: The exercise on Definite Integral 
Find the wide area of a) and b) using integral. 

 
Figure 7. Problem adapted from Rosken and Rolka (2007) 

The problems were not the regular problems but the problems that needed the understanding and can be solved without 
any algebra formula. 
The seventh meeting: Integral with Substitution 
By using the definition of a function, students were easily solving the problem in this part. 
The eight meeting: Partial Integration 
Since the students were already getting used to use their relational understanding to connect their prior knowledge with 
the new knowledge that has to be learnt. The students were working backward to find the result of Partial Integration.  
The ninth meeting: The exercise of Integral Procedural understanding  
The procedural understanding still needed to be mastered, since it is a part of relational understanding. The interesting 
thing that happened was the students could solve problems more independently. 
The tenth meeting: Test the relational understanding of Integral 
The test consists of four problems that are about the indefinite integral, analyzing the result of definite integral of a 
function, analyzing the wall paper needed to cover the wall, and analyzing the wide area between two curves. 
Data Analyze 
Research Subject (RS) Analyze 
RS1 has a very good prior knowledge about differential content. He/she was the one who firs find the pattern that lead to 
the idea of adding C as the constant value to the integral of a function, by using the definition of anti-differential as the 
context. Followed by the activity in the fourth meeting where RS1 could understand the idea of the activities were to 
compare the wide area that were calculated by the prior knowledge formula and by the integration formula using wall 
paper as the tools to connect both formula. RS1 can solve the cost of wall paper that has to be disposed in the challenging 
to cover wall with wall paper. Since RS1 can solve all the four problems in the tenth meeting, it means that RS1 mastery 
all the indicators of relational understanding and then the five indicators of RME. The indicators of relational 
understanding and five principles of RME also mastered by RS2, RS3, RS4, RS5, and RS6.  
 
CONCLUSION AND SUGGESTION 
 
Conclusion 

These learning activities that give the students the opportunity to reinvent independently build the ability of 
students to find their own mistakes. The use of context makes them easier to find the mistakes. Compare to the students 
who had done exercises on procedural problems who still can’t get the idea that the area under the x axis has to be a 
positive value. So, if student is an iceberg, then the design research can reveal the potential of the iceberg under the sea 
surface that is bigger than the potential of the iceberg above the sea surface. The other finding in this design research is 
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the students’ works show that students try harder to solve the problems not just writing “I don’t know” in their answer 
sheet.  
Suggestion 
1. Suggestions for teachers are: 

a. Teachers’ role to guide students to follow the hypothetical learning trajectory. The consistency of teacher as 
facilitator has to be maintained, so the students realize that in the learning activity each students has to have an 
active role to understand the content and reinvent the concept independently 

b. Teachers have to really pay attention on the direction of context changing to formal mathematics, and give the 
guidance to ensure the reinvention. 

2. Suggestions for other researchers are: 
a. Wall paper installation requirement must be changed into hang it until the highest point of the curve. 
b. The other researcher can develop the local instructional theory in this design research such as learning using the 

multimedia in an online classroom. 
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Abstract: The research aimed to implement a green chemistry approach in or to develop students’ awareness of 
environmental sustainability. The research was conducted in a Basic Chemistry Course for student teachers. The Green 
Chemistry approach with 12 principles can be applied in education in order to engage students’ awareness of 
environmental sustainability. A qualitative approach was employed in this research and involved interviews, observations 
and the use of reflective journals. This research developed teaching resources and laboratory experiments by 
implementing green chemistry values and principles such as reducing the use of dangerous chemical substances by 
substituting with less dangerous chemical substances. The results of the study showed that students started to become 
aware of environmental problems and to think about their future role as teachers. They started to understand the values 
and principles of green chemistry that can be implemented in chemistry classrooms. During laboratory experiments, by 
reducing the use of chemical substances, the students actively engaged in environmental sustainability in the university. 
Thus, the research provides an opportunity to empower the student teachers in strengthening human beliefs and attitudes 
which are essential in sustaining the environment. 

 
Keywords: Green chemistry, Environmental sustainability, Students’ awareness 
 
 
INTRODUCTION 
 

Worsening environmental problems today, requires the active role of each individual to resolve the issue. Even if 
the environmental damage cannot be separated from human behavior that causes damage to the environment itself. The 
damage in nature cannot be repaired if we continue to destroy it and we will lose the largest part of our nature. The time 
to act has long come and we must act immediately. We must stop destroying and save what we can save. 

The use of chemicals can cause environmental problems both pollution of water, air, and soil that have a negative 
impact on the environment, human health and quality of life. Toxic waste produced by chemicals can cause damage and 
even death of living things. One example is the Minamata disease in 2004 in Buyat Bay, Sulawesi caused by mercury 
compounds produced from gold mining wastes. This disease has caused tumors, skin diseases, and pregnancy 
complications for the people who live around the bay. In addition to the pollution produced water, chemical waste also 
has negative impacts on the air, such as the greenhouse effect, global warming, and acid rain that causes the increase in 
temperature, as well as skin and respiratory diseases. Chemical waste is not only produced by the chemical industry, but 
also a chemical laboratory in the institution both the school and university education. 

In an effort to save the environment from damage which is caused by human activities, human consciousness in 
protecting the environment is important. Education has a strategic role to raise the awareness. This is in accordance with 
Gadotti (2003) opinion, sustainability of environment depends on the awareness and the awarenness depends on 
education. So, the earth is not only to exploit its natural resources but its conservation must be maintained. According to 
Morris (2002), it is difficult to shift our perspective from earth as a tool for being exploited to being sustaining. 
Education is a process that can change the perspective of each individual, thus education plays an important role in 
increasing every individual awareness in maintaining the environment preservation by integrating environmental 
sustainability (environment sustainability) in the curriculum. Furthermore Morris (2002) said, consciousness is good 
starting point for reconceptualize the cognition which is not separated from the nature of environment and educators 
should re-imagine about sustainability education might be. Finally, the students not only have the awareness to protect 
the environment, but also play an active role. 

Chemistry can contribute to positive and negative environmental issues, where the chemical as a cause of 
environmental problems and chemistry can also provide solutions to environmental problems. In an effort to meet human 
needs, the chemical processes are needed for the industry, toxic chemicals and hazardous wastes from industry are 
unavoidable, to minimize toxic and hazardous waste and must be tackled. Based on that chemistry position, green 
chemistry is one option appropriate to treat the condition. According to Green chemistry can play an integral role in 
moving society toward a more positive, sustainable direction (Klingshirn, & Spessard, 2009). In Addition The effort to 
integrate green chemistry to the curriculum teacher is still consistent with the needs of making education focused on 
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sustainable development, influenced by motivations and attitudes (Karpudewan, Ismail & Roth, 2012; Karpudewan, 
Ismail & Mohamed, 2009). Green Chemistry can be integrated to education processes, in University, green chemistry has 
12 basic principles which can be implicated especially in chemistry department, either integrated in the course of learning 
to do good chemical in the form of the theory, as well as the practicum in chemical laboratories, and can also be 
implemented in the course of its own. From a chemical point of view, Nature is the biggest laboratory in the world and 
produces ton of chemicals per day in a completely eco-friendly manner (Santi, 2011: 3). In the end green chemistry can 
be integrated in curriculum (curriculum based on green chemistry). Through learning experience oriented towards green 
chemistry can give students with positive messages for environmental sustainability, so as to improve knowledge and 
increase awareness to protect the environment and improve of student awareness towards environmental sustainability / 
environmental preservation.  

 
 
Green Chemistry Education 
Definition of Green Chemistry 

Green chemistry is one of the strategies that can be done for environmental sustainability (sustainability 
environment). Doxee & Huchison (2004), green chemistry is new method to decrease chemical hazards, besides to 
produce a product with more efficient and more economical ways. Meanwhile, according to Anastas and Williamson 
(1996) defines green chemistry is the use of techniques and methods chemically to reduce or eliminate the basic material 
usage, products, byproducts, solvents, reagents that are harmful to human health or the environment. Furthermore, 
according to Sanghi, R. (2003) green chemistry is an essential part in a comprehensive program to protect human health 
and the environment. 

Anastas & Williamson (1996) explained 12 principles of green chemistry are to be considered in providing 
solutions to environmental pollution problems are: 
1. Preventing the formation of toxic waste material, 
2. Streamline the atom in designing a synthesis method that maximizes the perfect reaction, 
3. Synthesis of chemicals that are not or are less harmful to human health and the environment, 
4. Designing chemical products that are safer, although the toxic nature reduced but its function remains effective, 
5. Using the solvent and supporting materials that are safer and harmless, 
6. Design for energy efficiency 
7. Use of the base material that can be refurbished, 
8. Reduce derivatives that are not important, 
9. Uses a catalyst to improve selectivity and minimize energy, 
10. Designing chemical products which can decompose into harmless products, 
11. Analyses simultaneously to prevent pollution, 
12. Chemicals used in chemical processes been more secure in order to prevent accidents. 
Based on the basic concept of green chemistry are several definitions of the above, the green chemistry is a strategy or 
method for reducing the impact of chemicals hazardous to human health and the environment. Therefore, the concept of 
green chemistry is important to be applied by integrating the learning process called Green Chemistry Education. 
According to Collins (2015), Green chemistry has been serving as the first dynamic laboratory for working through the 
intra- and inter-disciplinary and cross-sector challenges associated with the transformation of a physical science to 
sustainability-promoting consciousness and action. Therefore, the green chemistry experience could be of value to other 
fields. According to Haack, Hutchison, Kirchof, and Levy (2005), green chemistry provides the opportunities for 
innovation in the curriculum integration and engaging students into environmental awareness. Furthermore, According 
to Braun,et al (2006), integrating 12 principles of green chemistry into class material will give essential basic concept of 
green approaches both theory and practical. Based on that theory, meaning the integration of green chemistry in 
chemistry can be made at the chemistry curriculum, applied in the learning process both in theory and practicum, and 
Green Chemistry as a subject in itself.  
 
Chemistry Curriculum-Based Green Chemistry 

Schubert (1986) stated 8 curriculum images yaitu curriculum as subject matter, curriculum as objectives, 
curriculum as planned activities, curriculum as cultural reproduction, curriculum as experiences, curriculum as intended 
learning outcomes, curriculum as agenda for social reconstruction, and curriculum as currere. Four images last 
curriculum that is curriculum as experiences, curriculum as intended learning outcomes, curriculum as agenda for social 
reconstruction, and curriculum as currere is a part of transformative learning which focused on students’ empowerment.  

According to Beane (1995), integrated curriculum not only combines multiple disciplines into a single topic of 
discussion, but the learning process should assist learners in forming themselves as holistic individual and social agents 
in a wide range of knowledge of different perspectives. So that the integrated curriculum is not a separate piece, but a 
unified whole to shape the character of the students. According to Ducoffe, Tromly, & Tucker (2006), the curriculum 
integration breaks up the isolation between various disciplines and creates the critical, broad, and holistic perspectives 
for the students which requires high-older thinking for making connection  to understand the holistic ideas which help 
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students  to engage in their learning process. In this context, students are encouraged to understand the Green Chemistry 
perspective in doing any activity. Students will think and act critically using various analysis point to any form of 
activities that can harm the environment. Furthermore According to Bodlalo (2013), Green chemistry education is 
essential for a sustainable future where chemistry flourishes green and safe, benign products that are standard, Green 
chemistry education offers a solution to our current environmental problems because it provides the opportunity to train 
future scientists, thus helping move us toward a more sustainable society. 

Based on the basic concept of integrated curriculum, student learning experiences designed to be focused on 
contemporary knowledge, problems, issues, and dilemmas. Implementation of integrated curriculum begins with the 
identification of themes related to everyday life. So the integration between disciplines with the everyday experience will 
help students understand themselves and the surrounding environment as a result of the learning process meaningful 
 
Activity-Based Practice Green Chemistry 

Green chemistry lab activities based learning is an innovation that not only has a positive impact on the 
environment, but also laboratory activities to be effective and efficient. In doing lab activities or laboratory experiments 
based green chemistry required several criteria, among others: 1) teach chemical reactions and techniques that date, 2) 
illustrates the concepts of green chemistry, 3) held a discussion on environmental issues, 4) students are given time to 
express constraints of each experiment, 5) experiment to do macro and micro, 6) use of reagents and solvents are cheap 
and environment friendly 7) reduce laboratory waste and its toxic nature. 
          Steps in developing a laboratory activities in developing alternative chemical reactions and processes based on the 
concept of green chemistry required several stages of activities, namely: 
1. Analysis 

Analyzing the existing processes, identify the materials used in producing a product such as starting materials, 
reagents, solvents, and products / byproducts as well as the reaction conditions, 

2. Identification 
Identifying hazardous materials are used, 

3. Research and Evaluation 
Examining all the efficiency of all the reactions or the processes used to produce a desired end product, 

4. Modifications 
Designing modifications to processes or procedures that were further tested to determine whether this new way of 
effective and can reduce the danger. 

Application of green chemistry in the laboratory or lab activities for instance reducing the chemicals usage, replacing 
hazardous chemicals with less hazardous materials, the use of raw materials / renewable basis, and the use of solvents 
that are safer. 
1. Reduce the Number of Chemicals usage 

Doing practicum with micro scale means reducing the chemicals usage in smaller quantities and reduce the 
amount of waste generated, as well as reducing the cost of materials used. 

2. Less / no dangerous chemical usage or environmentally friendly 
Chemical processes in lab activities in laboratories sometimes use dangerous chemicals. Some hazardous 
chemicals can be replaced by other chemicals that are not dangerous or less with the same functionality. Example: 
Elimination Reactions (Making cyclohexene), using alcohol (cyclohexanol) who has elimination reactions or 
dehydration reactions under acidic conditions and high temperatures produce original bonds, the acid used is 
sulfuric acid (H2SO4) which are corrosive. In experiments using the Green Chemistry approach, which is corrosive 
sulfuric acid can be replaced with a phosphate acid (H3PO4) is more secure.  

3. Use of the basic ingredients that can be renewed 
Over the years adipic acid HOOC(CH2)4COOH used as an essential ingredient in the manufacture of nylon. The 
basic ingredients used are benzene, this material is an organic compound that can cause cancer. With regard to the 
principles of green chemistry is to look for a replacement material benzene with a harmless substance that is using 
basic ingredients of glucose, this material is safe, renewable, and environmentally friendly. And can prevent some 
hazardous chemicals usage. 

4.  Examples relating to the solvent principles and supporting materials safer is the replacement of hazardous 
solvents such as carbon tetrachloride, chloroform, perchlorethylene solvent safer. In the dry cleaning process, for 
examples solvents such as perchlorethylene are toxic replaced with a solvent that can dissolve fat and sewage but 
safe enough if using carbon dioxide liquid 

 
Education as Sustainability 

Education is the basic foundation of environment sustainability. Sustainability environment and environmental 
education have a common ultimate goal to be achieved, namely the active role each individu to preserve (Chansomsak & 
Vale, 2008). According to Chansomsak and Vale (2008) as previously noted, there are three forms sustainability 
education: education about sustainability, education for sustainability, and education as sustainability. Education about 
sustainability  focus on developing the content of the material provided, education for sustainability focus on the purpose 
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of the material, while education as sustainability focused on  empowerment and action. Sustaniability environment is a 
complex system that is influenced by multidimensional factors, so that the solution of environmental problems to be 
solved in an integrated manner, including through educators. Educators should be aware that sustainability education is a 
holistic process, not only limited to integrate environmental topics in the curriculum, but how to achieve the ultimate goal 
of environmental education is students' empowerment as a form of education as sustainability. Blewitt (2006) stated it is 
important to empower teachers and students to take action in their everyday practice for a better future for the 
environment. Thus, it will be in line with the concept of transformative learning in terms applicate and play an active role 
in their respective roles. 
 
Transformative Learning 

Teaching methods used in learning activities include critical incidents, metaphor analysis, concept mapping, 
consciousness raising, stories, repertory grids, and participation in social action (Mezirow, Taylor & Associates, 2009). 
Taylor (2008) stated in a psychoanalytical viewpoint, transformative learning is a process of lifelong learning for each 
individual to understand his or her identity through reflection on him and learning that happened. According to Taylor 
(2008), the central aim of critical reflection in transformative learning is developing students’ awareness of their agency 
to transform society and their lives. Taylor’s (in press/2013) stated 5 transformative learning principal: 
1. Cultural-Self Knowing (self-realization) involves coming to understand our culturally situated selves, in particular 

how the (mostly invisible) premises underpinning our worldview – our shared values, beliefs, ideals, emotionality, 
spirituality – give rise to our cultural identities and govern our habituated ways of being in, making sense of, and 
relating to our social and natural worlds.  

2. Relational Knowing (opening to difference) involves learning to connect empathically and compassionately with 
our true (nonegoic) selves, our local community, the culturally different other, and the natural world.   

3. Critical Knowing (political astuteness) involves coming to understand how and why (political, institutional, 
economic) power has structured historically our social realities by creating seemingly natural categories of class, 
race, gender, vocation, intelligence, etc., and how this mostly invisible power governs (especially distorts) our 
lifeworlds, our relationships with others, and our relationship with the natural world. 

4. Visionary and Ethical Knowing (over the horizon thinking) involves us in creative, inspirational and discursive 
processes of idealising, imagining, poeticising, romanticising, meditating on and negotiating a collective vision of 
what a better world could be like and, importantly, what a better world should be like.  

5. Knowing in Action (making a difference) involves consciously developing our capacity to help make the world a 
better place, committing to making a difference, and taking action locally while thinking globally. 
 

So transformative learning will help students understand their identity as individuals to participate in their roles in 
the community or in their work in the future. Thus, in the design of Green Chemistry course is expected not only to 
integrate the concept of Green Chemistry, but it can help students understand their identity and role as the generation that 
can change, especially in his role as a teacher of chemistry and chemists. 
 
RESEARCH METHODOLOGY 
 

The research aimed to implement a green chemistry approach in or to develop students’ awareness of 
environmental sustainability. The research was conducted in a Basic Chemistry Course for student teachers. The Green 
Chemistry approach with 12 principles can be applied in education in order to engage students’ awareness of 
environmental sustainability. A qualitative approach was employed in this research and involved interviews, observations 
and the use of reflective journals. Characteristics of this research focuses on the deep understanding of the research 
context. Thus, the appropriate paradigm used is interpretivism paradigm. In Denzin and Lincoln (2005), explained that 
interpretivism paradigm focused on understanding the natural conditions of the research as well as research subjects. In 
this paradigm, the reality constructed by social phenomena studied there. 

 
RESULTS AND DISCUSSION 
 
Green Chemistry Subject 

Green Chemistry Subject is one form of contribution towards environmental sustainability chemistry courses. 
Through this course, students are expected to have an awareness of environmental issues and play an active role in 
addressing environmental issues. In the future, students majoring in chemistry are educated to act as a chemistry teacher 
and chemist can play an active role in addressing environmental problems, especially those caused by materials and 
chemical processes. As a teacher of chemistry, they can provide awareness to students. Meanwhile, as a chemist, they 
can apply the Green Chemistry to reduce and overcome the problems of chemical processes that damage the 
environment. 
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Green chemistry courses in design with constructivism approach and hands on learning, where students are 
required to play an active role both in the learning process and application in the field. This course consists of four 
important stages (Rahmawati, 2008): 
1. (Performances Role Awareness). Students have an awareness of its role, both as individuals and social agents in 

the environmental problems 
2.  (Environmental Awarenees). Students have an awareness of environmental issues by chemical processes 
3.  (Green Chemistry Awareness). Students have knowledge about the role of Green Chemistry in addressing 

environmental problems 
4. (Active Contribution). Students actively contribute to addressing environmental issues through Green Chemistry 

approach. 
In designing a learning experience, students are required to make a project work that produces solutions to environmental 
problems, such as making a practical procedure with the approach of Green Chemistry. In the end, this course provides a 
positive contribution to environmental issues. 
 
Green Chemistry Course Syllabus 

This course is designed as much as 2 credits, 16 sessions. this Syllabus arranged based on the basic concept of 
Green Chemistry courses described earlier. 

 
Table 1. Course Learning Outcomes of Green Chemistry 

UNIT LEARNING OUTCOMES OF GREEN CHEMISTRY 
Topic  ULO Description 
Topic One  : Becoming Critical 
and Reflective Thinker and Active 
Citizens 
 

Conceptual understanding and  
creative, critical   reflective thinking 
on: 
ULO1     The role of chemists, 

chemistry educator, and   
citizens within the 
challenging and dilemmas 

ULO2     The importance of being 
critical and reflective    thinkers, and 
active citizens 

Students understand and think 
critically on the importance of being 
reflective and critical thinkers and 
active citizens who continuously 
evaluate their roles on the society 
and seek out the opportunities to 
develop their professional practices 

Topic Two: The Awareness of 
Environmental Problems 

 

Conceptual understanding and  
creative, critical reflective thinking 
on: 
ULO3     The environmental 

problems 
ULO4     The role of awareness of 

environmental problems 
ULO5     Challenges to deal with 
environmental problems in 
Indonesia 

Students understand and think 
critically how the different problems 
of environmental problems, the 
importance of their awareness, and 
challenges to deal with 
environmental problems in 
Indonesia. This topic will focus on 
engaging them in real facts 
associated with the environmental 
problems in Indonesia. The learning 
experiences will be through 
documentaries and field trips.  
 

Topic Three : The Nature of 
Green Chemistry 
 

Conceptual understanding and  
creative, critical reflective thinking 
on: 
ULO6     The nature of Green 

Chemistry  
ULO7     The nature, the role, 

challenges, and    
opportunities  of Green 
Chemistry 

 

Students understand and think 
critically on how the nature, the role, 
challenges and opportunities of 
Green Chemistry. In order to engage 
them, the learning environments 
which encourage positive social 
interaction, active engagement, and 
self motivation. Creating the 
learning experiences which hold up 
the learners’ intellectual, social, and 
personal development as their role 
performances in the society. 

 Topic Four: Envisioning 
Green Chemistry for Better 
Future 
 

ULO8      Conceptual understanding 
and  creative, critical 
reflective thinking on 
envisioning of Green 

Students understand and think 
critically on the role of Green 
Chemistry for better future and 
integrate it with their project. 
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Chemistry for better future 
ULO9      Practice outcomes of 
integrating Green Chemistry through 
project 

Students will partake in a project to 
implement Green Chemistry, such as 
Green Chemistry in Biochemistry 
practicum and Green Chemistry in 
education which could give 
opportunities for students to 
implement their learning process in 
this unit. 

 
Based on the characteristics of courses outlined in the curriculum development, the courses are designed with this 
approach: 
1. Students should understand themselves and their role in the future 
2. Students have the ability to provide solutions to environmental problems related to Green Chemistry 
3. A comprehensive approach Green Chemistry from various fields of chemistry studies 
4. Application of Green Chemistry in the integration of learning and laboratory or field of chemistry and chemical 

education in accordance with the role of students ahead 
In the end, curriculum development and design of this course, is expected to develop the potential of students to 
prepare in accordance with its role in the future, and actively contribute to solving the problems in society, 
particularly related to the implementation of Green Chemistry 

 
Development of Teaching Material 
Teaching materials developed based on principles of curriculum development that resulted in the design of courses of 
Green Chemistry. The teaching materials consist of several related topics, among others: 

1. Green Chemistry 
This section describes the concept of Green Chemistry consists of 12 principles of Green Chemistry should be 
understood. Green Chemistry as a framework that is used as a chemical contribution in maintaining 
environmental sustainability 

2. Integration of Green Chemistry in field of study Chemistry 
In this section, we study the application of Green Chemistry on the role of either chemistry organic chemistry, 
inorganic chemistry, physical chemistry, biochemistry, and others 

3. Integration of Green Chemistry in Education 
Integration of Green Chemistry in the field of education provide an overview of the implementation of green 
chemistry into the curriculum and learning 

4. Introduction of Hazardous Chemicals 
The introduction of hazardous chemicals is done to provide a better understanding of chemicals which are 
commonly used in laboratories and chemical industry 

5. Principles of Green Chemistry: Solvent Replacement 
Some Green chemistry principles either reducing these harmful chemicals as well as the replacement of 
hazardous chemicals described in this section 

6. Examples of the development of Green Chemistry in the Department of Chemistry UNJ 
This section will describe some examples of the integration of the concept of Green Chemistry has been done in 
the chemistry department, Faculty UNJ 

This module manufacturing is expected to support both teaching green chemistry applied as integration in other subjects 
or courses of its own. The participants were also asked opinions about the curriculum and modules produced. 

 
In concept is fine, just needs improvement in some parts of the content and the language used. Integration of Green 

Chemistry is important carried out in accordance with the vision of the mission of the Department of Chemistry UNJ, as 
well as participation in environment 
(Suggestion and Comments Lecturer) 

 
In my opinion, the overall module of the groove and the language used is good because it is very easily understood by 
students. I think for the education of students should be given practical tasks in accordance with the prevailing high 

school curriculum, so that when students do PKM or when a teacher at school can apply the concept of Green Chemistry 
(Suggestions and Comments Student S1) 

 
I think between the modules and curriculum Green Chemistry has been strongly linked, especially my favorite part is the 
practical questions contained in the Green Chemistry module which in turn calculate atom economy is something new 

and good for practicum applied chemistry. 
(Suggestions and Comments Student S2 / Master) 
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I hope that this module is constantly updated so that the information presented is up to date, given the green chemistry is 
the science of the study of environmental conditions, can change periodically. 

There should be a course green chemistry not only among students, but better in high school as well. To be 
environmentally conscious  

(Suggestions and Comments Student S2) 
 

Fill improved with more concrete in the application of Green Chemistry in learning, language also needs repairs to be 
easily understood. 

(Suggestions and Comments Student S2 / Master) 
 

Furthermore, the curriculum and this module requires improvement in several respects, including the language used. 
Applications also need to be focused on aspects of Green Chemistry applications that are easier on the environment 
department of Chemistry, Faculty UNJ 
 
Learning Implementation of Green Chemistry 

Implementation of green chemistry teaching is applied to the subjects Chemistry, Green Chemistry as subjects not 
made a stand-alone course. This implementation is integrated in learning both in classroom and in the learning lab. 
Learning is applied to chemistry education students FMIPA UNJ, so understanding himself and for his role in the future, 
associated with his role as a teacher: 
Self-reflection 

At this stage, a student is asked to present himself in front of the class, and motivation associated as an educator. 
Most of these classes realize that they want to become a teacher because of the ideals and inspiration since childhood. 
There were two people who did not want to be teachers, because of their parents’ choice and is not acceptable in the 
desired college. After the students to reflect on its role in the future, lecturers provide input need a sense of purpose to be 
achieved in accordance with the role of each student. Students are given the awareness, the importance of realizing the 
ideals you want to be obvious step. If you want to become a teacher, then a teacher transformative, continuous learning to 
improve themselves. From the results of student reflection. Most states, this reflection is very useful to make them aware 
of the ideals to be achieved, as well as their role as teachers in the future. 

 
Integration Concept of Green Chemistry 
Basic Chemistry Courses 
Students are given the knowledge related to the concept of Green Chemistry as prior knowledge, this is because they are 
first year students, just before learning they were asked to search for articles related to Green Chemistry. Furthermore, 
students are required to discuss the latest environmental issues related article, so we get an understanding of, and ability 
to analyze the issues that exist in society. Learning to do as much as 4 times associated with the concept of Green 
Chemistry, in accordance with the curriculum and achievements designed. Integration in this study is expected to provide 
motivation and empowerment related chemistry student’s role in contributing to solve environmental problems, 
especially the application of Green Chemistry. 
 
Basic Chemistry lab 
At this stage, students integrate the concept of Green Chemistry through experiments semi micro Basic Chemistry lab. 
Experiments were carried out as much as 6 meetings, with four titles which are integrated with the concept of green 
chemistry. However, due to limitations of equipment and chemicals, which can be applied in this lab is the fourth title in 
Practical Chemistry I, and only on reducing the volume of chemicals used. The titles of experiments on lab Chemistry 1, 
comprising: laboratory skills 

1) Stoichiometry 
2) Chemical Reactions 
3) Thermochemical 
4) Purification 
5) Equilibrium 

Not all practicum can be integrated with green chemistry. Practicum associated with the use of substances that can reduce 
volume, tested to be used as a practical procedure. Practical examples of modified procedures in order to meet the 
concept of waste reduction is the acid-base titration in laboratory skills. Students are also given the knowledge related to 
the characteristics of the chemicals used in the laboratory. So, that students understand the usefulness, danger, or storage. 
Integration is continued on the next lab is stoichiometric. Furthermore, the final task associated with stoichiometric 
experiments in the laboratory, how to use fewer chemicals to reduce waste produced. 
 
Growing Students Concern on Environment 
        Concern, care about the others’ needs and the environment and to act in accordance with it, something rarely in 
modern times with the characteristics of an individualistic society today. Concern for fellow beings and the environment, 
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it becomes dull whenever we are confronted with the suffering of others. Absorbed into selfishness and obsession with 
self-serving, we forget the need, the suffering of others, so our abilities as social beings with social abilities given by God 
to man are on the wane. Diminishing our ability to pay attention to the juice and the needs of others, let alone respond 
with empathy. Our ability to align with the environment has decreased, and this in turn damages our relationship with the 
environment.  

Something that we have to pay expensive, when schools and our culture more emphasis on the skills and the 
formation of the intellect alone, ignoring the attitude change behavior. Attitudes and behavior is a blend of feelings, 
interests, thoughts, and judgments given person against an object. The behavior of his stance on environmental 
preservation can be applied in the form of a concern because it can be used in the form of interpersonal relationships, 
intergroup, positive human relationship with the environment. According to Morgan, et al (1988) is a concern of 
environmental awareness, attitudes, and values of belief about the environment that give guidance to each person's 
behavior whether it supports environmental quality or vast versa. Because of that the role of the school should be able to 
build a culture of college / school become a "caring community", concerned with science, concerned about the 
technology, and care for the preservation of the environment, as well as care for people with various aspects of that 
culture, morals and values that apply in it. So that students not only be concerned about environmental issues, but also 
provide a positive contribution in the form of solutions to address environmental problems, especially those caused by 
chemicals. 

Here are some of the feedback generated from the test chemistry learning 
After obtaining knowledge of Green Chemistry, I feel I should be wise in the use of chemicals and chemical products for 
the continuity of life in the future. I also feel responsible for forwarding the knowledge of Green Chemistry in the next 

generation  
(Student 1, Reflective Journal, October 7, 2014) 

 
After getting Green Chemistry learning, I finally realized and tried to apply it in everyday life 

(Student 2, Reflective Journal, October 7, 2014) 
 

After I studied the Green Chemistry, I better understand what is Green Chemistry, concepts and principles. I became 
more conscious of environmental considerations  

(Students 10, Reflective Journal, October 7, 2014) 
 

Based on student feedback, most students understand the concept of Green Chemistry as delivered, as well as to realize 
the importance of protecting the environment, and strives for that participates actively in the implementation of Green 
Chemistry. Application of Green Chemistry in learning and practical activities are expected to provide a comprehensive 
understanding and active contribution of students. 

Green Chemistry has been applied to study Chemistry at the Department of Chemistry. At the end of the lesson 
students are asked to give opinions related to understanding the problems of chemicals, the concept of Green Chemistry, 
caring, and the implications on learning-related soft skills are formed on students. Some of the things related to the 
implementation of Green Chemistry are: 
1. Knowledge Related Chemicals 

The students stated that they face problems of environmental pollution in the vicinity, while others do not face the 
problems of pollution. They also stated which has been facing environmental problems stating that the pollution comes 
from chemicals, while others said that it comes instead of chemicals. Furthermore, the students stated that chemical 
contamination in the vicinity can be caused by laboratory waste on campus, while others said it was not caused by lab 
waste. The students stated disposing of waste in the sink, while others of waste instead of disposing of waste in the sink. 
They stated in the majors since no special disposal sites, but some throw in the special place provided. 
2. Knowledge related to Green Chemistry 

The students claimed to know the term Green Chemistry related to environmentally friendly products. A small 
portion associates with chemical technology. Furthermore, all of the students stated acquire knowledge through lectures 
on Green Chemistry Basic Chemistry I. Some students also state received additional information from the internet and 
seminars. The students in favor of the integration of Green Chemistry in chemistry learning. 
3. Response to Environmental Issues 

The students stated chemistry laboratories have toxic chemicals. Furthermore, as others stated that interact with 
these toxic chemicals. Then, the students expressed Basic Chemistry lab I has strived to reduce chemical waste generated 
as well as trying to replace chemicals that are more environmentally friendly. Some students said that the implementation 
of Green Chemistry in the lab is a lecturer of the initiative, while others claimed to follow the development of science 
and technology. Other students claim it is the policy of the department / faculty. Students realize they can contribute 
through the implementation of Green Chemistry. The issue of the field of study they are interested in is the research and 
development of environmentally friendly chemical products, recycling of waste, and reduce the environmental burden. 
Students think the follow-up of Green Chemistry is focused on the development of practical guidelines based Green 
Chemistry and the integration of Green Chemistry in chemistry learning  
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Implications of Green Chemistry Learning 

Further implications of learning Green Chemistry analyzed on Green Chemistry aspects of integration, the role of 
professors, collaboration, critical thinking, empathy, communication, and reflecting on learning. The students give a 
positive perception of the integration of learning Green Chemistry, in particular on the implementation of Green 
Chemistry and reflection learning undertaken. Furthermore, most of the students stated the implementation of Green 
Chemistry in learning, especially learning chemistry is very important because it is useful for preserving the environment 
and the sustainability of the future. Application of Green Chemistry that has been applied in learning Chemistry has 
helped them in: 
1. Building a sense of awareness / sensitivity to the environment 
2. Understand the concepts and principles of Green Chemistry. 
3. Apply the concept of Green Chemistry in learning activities (in particular laboratory experiments), by: 

a. Minimizing the use of chemicals 
b. One way is by reducing the volume of materials lab, reducing the concentration of the solution). 
c. Using environmentally friendly chemicals. 
d. Consider the practical waste disposal 

Furthermore, students are also asked to reflect on their role in the future as a chemistry teacher. Some reflections that 
students do can be seen below: 
 
If I become a teacher someday, I will apply for Green Chemistry because Green Chemistry is very important applied in 

learning chemistry and very useful to preserve the environment 
(Student Reflection, 10 November 2014). 

 
If I were a teacher, I would do chemistry learning at schools to build a sense of awareness / sensitivity to the 

environment, especially the environment damaged by chemicals from plant waste then introduced what Green Chemistry 
is and introducing dangerous chemicals and that are not harmful to students. Once the students know the concept of 

Green Chemistry, students are taught to apply it in practical activities by minimizing chemicals used, saving chemicals 
and applying leaching chemical tools that have been used with water flowing so that the concentration of a chemical 

used to decrease so it is not too dangerous for the environment 
(Student Reflection, 10 November 2014) 

 
If I become a high school chemistry teacher, I will apply Green Chemistry because I realize the importance of Green 
Chemistry in many areas of life, especially schools, colleges and industries that use chemicals to test / production and 

generate less waste. I will educate students to apply the 12 principles of Green Chemistry in the experiment, reducing the 
volume of the solution used, do not open the water tap too big when washing appliance and dispose of the solution, and 

thinking tools that are environmentally friendly waste container 
(Student Reflection, 10 November 2014) 

 
My reflections when it later became a teacher is implementing Green Chemistry on the chemicals usage during practice 

by minimizing the certain materials usage, applying Green Chemistry on waste treatment to be more environmentally 
friendly, as well as provide learning Green Chemistry to students as builders of the future professional and responsible 

(Student Reflection, 10 November 2014) 
 

If I become a teacher later, the thing I would do is reduce the chemicals harmful usage in any lab, teaches the impact of 
chemicals on the environment, teach and apply the correct procedures in the laboratory, to replace hazardous materials 

with safer, as well as using eco-friendly materials 
(Student Reflection, 10 November 2014) 

 
Integration of Green Chemistry in both the lab and learning activities in the classroom, not only contribute to 

reducing the negative environmental impact, but also the effectiveness of the learning activities. Knowledge and 
understanding of environmental issues gained through experiential learning through laboratory activities oriented to the 
concept of green chemistry, it is important and necessary. But keep in mind the knowledge of an object is not the same as 
the attitude towards that object. Attitude has a motivational aspects and facets feeling. Nature is what distinguishes the 
attitude of the skills or knowledge of a person. Knowledge of a new object into attitudes towards the object if the 
knowledge was accompanied by a readiness to act in accordance with current knowledge about the object (Gerungan, 
2004). 

The integration of green chemistry into curriculum and designing learning experiences will form the oriented 
green chemistry students to think critically, reflective, and creative. Students are required to think critically about 
environmental issues, and reflect on their roles to these problems, and ultimately they will need to think creatively in 
finding the right solution to solve the problem. 
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Ultimately learning activities play an active role in improving the student's role as the young generation in 
addressing environmental problems. In accordance with the opinion of Gadotti (2003), the environment’s preservation 
depends on the ecological awareness which will be powerful to promote to the young generation throughout the 
education process. Furthermore “education as an ethical enterprise might teach young people to value their world and 
the very ecosystem that sustain life” (Morris, 2002,). The learning activities are designed to move students to care about 
the issues that are in their environment with their science viewpoint. According to Chambers & Rowell (2007), 
environmental issues topics in science curricula could promote the students’ awareness of the social, economic and 
political dimensions in the society. 

Integration of Green Chemistry in Chemistry curriculum, through learning experiences designed, educators can 
provide students with positive messages about what the chemist for the preservation of the environment and introducing 
them to more research-oriented principal green chemistry. At the end of Integration of Green Chemistry on learning 
Basic Chemistry I provides early stimulation of students to understand the concept of Green Chemistry, while providing 
awareness of its role as a student and teacher in the future. This research is still far from perfect, the follow-up needs to 
be done to improve the implementation of Green Chemistry in the chemistry department, Faculty of Mathematics and 
Natural Sciences at Universitas Negeri Jakarta. 
 
CONCLUSION 
 
        Environmental issues, due to hazardous and toxic chemicals that negatively impact health and the environment, 
efforts to overcome requires active participation and awareness of all individuals. In these efforts of education has a 
strategic role. Green chemistry plays an important role in efforts to prevent or reduce the impact of toxics and harmful to 
human health and environment. Green chemistry has 12 principles that can be integrated into the curriculum, applied in 
chemistry learning in the classroom and practical activities in the laboratory, and in the course of its own. 

Through experience in learning-oriented green chemistry can provide students with positive messages for 
environmental sustainability, so as to improve knowledge and increase awareness to protect the environment and 
improve student awareness towards environmental conservation. This Learning Green Chemistry has obvious 
implications for students, among other things: a) understanding of Green Chemistry concept, b) a reflection of its role in 
the future, c) propose and negotiate ideas to solve environmental problems, d) implementing Green Chemistry both in 
learning and everyday life. Learning Green Chemistry using transformative curriculum there are chances to develop the 
students as individuals who have a holistic awareness of their roles in the future. 
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Abstract: The research was aimed at developing learning resources for mathematics logic using the hypothetical 
learning trajectory designed through reflection on the history of Indonesian independence struggle. The study was carried 
out at the Department of Mathematics Education of the Faculty of Teacher Training and Educational Sciences–Nusantara 
Islamic University (Uninus). The study used design research consisted of three stages: preparing the experiments, 
designing the experiments, and retrospective analysis. Preparing the experiments stage has been completed and designing 
of the experiments is currently under process. The main activities accomplished in preparing the experiments stage 
consisted of: studies of Indonesian independence struggle, curriculum analysis, literature review, and early prototype 
design. Design the experiments phase has enabled the development of the research instruments. The learning trajectory 
which has been designed in the first stage involved: reflections on the history of Indonesian independence struggle; 
implication and bi-implication; implication, bi-implication and their truth in the context of the history of the Indonesian 
independence struggle; and implication, bi-implication and their truth in the context of mathematics. Based on the results 
of discussions with colleagues, the students’ ability in mathematical thinking can be developed by using the history of 
Indonesian independence struggle as the context of learning in a mathematics logics course.   
 
Keywords:  Context of learning, History of Indonesian independence struggle, Learning trajectory, Mathematics logic, 
Research design. 
 
 
INTRODUCTION 
 

Students’ inability to connect theories they learn in school and realities they find in real-life situations is a very 
common problem in education. This condition is the result of poor interconnectedness among materials in the subjects 
taught in schools. As the consequence, students perceive them as less meaningful learning experiences. Especially in   
mathematics instruction, it reinforced the notion that mathematics is a difficult subject, and as a result many students are 
dislike to learn mathematics. 

To deal with this issue, a contextual instruction can become an alternative solution to help students to see the 
meaningfulness of materials they learn through connecting them with daily real-life situations, either in their personal life 
or in their socio cultural environment. As Sauaian (2002) say that “Contextual-based teaching is teaching through 
focusing on selected topics and resorting to environmental orientations” (p. 17). In more details, Berns and Erickson 
(2001) identify that “Contextual teaching and learning is a conception of teaching and learning that helps teachers relate 
subject matter content to real world situations; and motivates students to make connections between knowledge and its 
applications to their lives as family members, citizens, and workers and engage in the hard work that learning requires” 
(p. 2).  

Contextual instruction can only be implemented successfully if both students and teachers aware of the realization 
of the learning objectives. If Sauian, Berns and Erickson emphasize heavily on the important role the teachers can play in 
the initial steps of learning process, Johnson (2002) sought to view the model from the perspective of students. As 
defined by   Johnson, contextual teaching and learning is “a system of instruction based on the philosophy that students 
learn when they see meaning in academic material, and they see meaning in schoolwork when they can connect new 
information with prior knowledge and their own experience” (Johnson, 2002. p. vii). 

Teachers may guide students to connect the materials they learn in classroom and real-life situation through many 
ways; one of which is through developing learning materials that has connection with students’ actual experiences and 
providing more practical sessions. For example, the history of Indonesian independence struggle (HIIS) can be used as 
the context of mathematics logic instruction; and the celebration of independence day can be used as the context of:  
integers, sets, relations, and functions instruction.  The formulized problems in the study are as follows: 1) how should 
the hypothetical learning trajectory (HLT) be designed using the context of HIIS; 2) how are students’ mathematical 
reasoning when the HIIS used as the context of learning in a mathematics logics course? 
 
RESEARCH METHODOLOGY 
 

This study employed design research method to find answers to the questions and reach the objectives. According to 
Akker (2006), “design research consists of:  1) preparing the experiments, 2) design the experiments, and 3) conducting 
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retrospective analysis.” The following sections will elaborate the procedures of the study. This study involved instructors 
and first year students in the Department of Mathematics Education, Faculty of Education, Nusantara Islamic University 
in the academic year 2015/2016. 

The stage of preparing the experiment consists of two parts: preliminary design and pilot experiment. In 
preliminary design, this study began with reviewing literatures, curriculum analysis, and design the HLT.  The literature 
review focused on: contextual teaching and learning, HIIS, and mathematics logic. Curriculum analysis focused on 
mathematics logic’s syllabus and course plan. In reference to literature review and analysis of curriculum, this study 
decided to use the HIIS as the learning context of implication and bi- implication.  

Simon (Clements & Sarama, 2004) stated that a "hypothetical learning trajectory included the learning goal, the 
learning activities, and the thinking and learning in which the students might engage" (p. 82). In designing the HLT, this 
study developed hunches about strategy, thinking, and reasoning patterns that the students developed from informal to 
formal state. These hunches were developed to anticipate students’ reasoning strategies that rose and developed 
throughout the learning process. The hunches of the learning trajectory are dynamic and always keep updated in 
accordance with students’ behaviour throughout the research process.  Meanwhile, pilot experiment stage was aimed at 
bridging the stage of preliminary design and design experiment. The purpose of pilot experiment was to study about 
students’ initial abilities and their adjustment towards the learning process using HLT designed by instructor. In this 
study, pilot experiment was conducted on ten students at lower, middle, and upper class.   

In the stage of design experiment, the study conducted learning activities using HLT that has been developed in 
the stage of preparing for the experiment, especially in the preliminary design stage. In this stage, this study collected 
data about learning process in classroom and students’ reasoning process based on the perspectives of social, 
mathematical practices, psychological practices, and the concept and activities of mathematics.   

Meanwhile, Retrospective analysis was intended to analyse the collected data from the stage of design 
experiment. The data included video recorded of learning process, audio recorded of interview with the students and 
instructors, students’ worksheet, and field-note during the observation. In the retrospective analysis stage, reconstructions 
and revision of HLT were conducted in order to respond to the implications of theories and the implementation of the 
HLT in broader context and settings.  
 
RESULTS AND DISCUSSION 
 

This study has completed the stage of preparing for the experiment and is in the process of preparing the stage of 
designing the experiment. The main activities conducted in this stage included: reflections on the HIIS, analysis of 
curriculum especially those parts related to the syllabus of Set Theory and Logic, literature review, design the HLT; and 
pilot experiment.   The stage of HLT design was intended to develop learning trajectory that the students will go through 
in the learning activities about conditional and bi-conditional. In general, HLT that has been designed to deliver the 
implication and bi-implication materials can be seen in the Figure 1. 
 

 
Figure 1. Learning Trajectory for implication and bi-implication 

 
 
Reflections on the HIIS 

1
• reflections on the history of Indonesian independence struggle

2
• implication and bi-implication

3
• implication, bi-implication and their truth in the context of the 

history of the Indonesian independence struggle

4
• implication, bi-implication and their truth in the context of 

mathematics
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These activities were designed to provide the students with the learning contexts of mathematics logic and help 
them to understand conditional and bi-conditional more easily. In the beginning of the learning activities, the instructor 
asked the students to express statements about the HIIS. The statements expressed by the students were starting points for 
developing conditional and bi-conditional statements.  It is in accordance with  Devlin (Teppo, 2003) who says that, “it 
has long been recognized that humans have an understanding of conditionals in a social context that may not be closely 
related to their understanding of conditionals in a more-abstract context such as mathematics.” (p.4) 
 
Implication and Bi-implication  

The form of implication (conditional) is “if A Then B”, symbolized by	 → .  The conditional statement  →  
is sometimes called an inference, and we say that A implies B. Another way of stating �→      is to say that A is a 
sufficient condition    for B, which means the truth of A guarantees the truth of B.   We can  also  say  B is  a  necessary  
condition    for  A,  meaning  that  B necessarily follows from A. The single statement  A is called the hypothesis or 
antecedent,  and B is called the conclusion or consequent. The compound statement ( → )⋀ ( → ) is a conjunction 
of two conditional statements. When we combine two conditional statements this way, we have a bi-conditional or bi-
implication. 
 
Implication and it’s Truth Value in the Context of HIIS 

In this stage, the instructor asked the students to develop some implication statements in the context of HIIS.  
Then, the instructor asked the students to focus on the following statement, “If Tjut Nyak Dhien is a warrior of 
Indonesian war of Independence from Aceh; then to weaken her influence on her followers, Tjut Nyak Dhien was exiled 
out of Aceh”. Next, the instructor asked the students to analyse four possible implications and identify the truth value for 
each implication as shown in the Table 1. 

Table 1. Examples of Conditional Statements in the Context of HIIS 
A B 	 →

Tjut Nyak Dhien is a warrior of Indonesian war 
of Independence from Aceh 

	T 
 

To weaken her influence on her followers, Tjut 
Nyak Dhien was exiled out of Aceh 

T 

 
 

T 

Tjut Nyak Dhien is a warrior of Indonesian war 
of Independence from Aceh 
	 	T 
 

To weaken her influence on her followers, Tjut 
Nyak Dhien was not exiled out of Aceh.  

F 

 
 

F 

Tjut Nyak Dhien is not a warrior of Indonesian 
war of Independence from Aceh 

	F 

To weaken her influence on her followers, Tjut 
Nyak Dhien was exiled out of Aceh 

T 

 
 

       T 
Tjut Nyak Dhien is not a warrior of Indonesian 
war of Independence from Aceh 

	F 

To weaken her influence on her followers, Tjut 
Nyak Dhien was not exiled out of Aceh 

F 

 
 

       T 
 
After studying the examples above, the students are expected to easily understand that an implication will only correct if 
the antecedent are correct but the conclusion is wrong. According to Bloch (2011), “conditional from P to Q, which is 
denoted → , is the statement that, intuitively, is true if it is never the case that P is true and Q is false.” (p. 8). Then, 
the instructor asked the students to draw the table of implication given in Table 2. 

 
Table 2. Implication Truth Table 

P Q →  
T T T 
T F F 
F T T 
F F B 

 
Then, the instructor explained that in a purely  logical  sense,  conditional  statement →  do  not  necessarily  

imply  a  cause and  effect  between  the  components A and  B,  although  in  mathematics  and  in general discourse they 
do. From a logical point of view, the statement, “if Soekarno was being exiled to the Island of Buru, then the national 
flag was sewed by Mrs. Fatmawati” is a legitimate conditional, even though the fact that Soekarno was actually being 
exiled to the Island of Buru was not the cause of the sewing of the Flag by Mrs. Fatmawati. The conditional statement is 
correct since the statement of Soekarno was being exiled to the Island of Buru is a correct statement, and the flag was 
sewed by Mrs. Fatmawati is a correct statement too. Once again, although there  is  no  relationship  between  the  single 
statements or component parts.  
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Implication  and it’s Truth Value in the Context of Mathematics  

After studying the examples of implication statements in the context of HIIS, the students are expected not to find 
difficulties to understand the implications in mathematics contexts. The discussion about truth value table also intended 
to help the students accept any implications whether the hypotheses and conclusions are interrelated or not interrelated. 
In addition, the instructor explained that hypotheses and conclusion of an implication could be drawn not in the form of a 
statement (since the truth values still cannot be determined yet). This kind of conditional truth value can be found in the 
relation between the two components. Examples of conditional statements in mathematics contexts and mixed contexts as 
well as their hypotheses and conclusions are shown in the Table 3.  

 
Table 3: Samples of Conditional in Mathematics Contex 

Hypothesis-Conclusion →  Truth 
Value 

Unrelated  2 + 6 = 8  7 x 3 = 21 T 

Related 3 is prime  32 is prime F 

Not a statement If Nis an even number greater than 2, then N is the  square number. F 
Not a statement  If  a and  b are the lengths of the legs of a right triangle, and  c is the 

length of  the hypotenuse;  then c2 = a2 + b2 
T 

Unrelated  If General Soedirman were the proclamator, then 2+3 =5 T 
 
Biconditional and Truth Value in the Context of HIIS 

In this stage, instructor asked the students to make some bi-implication statements in the context of HIIS. Then, 
instructor asked the students to focus on the following statement, “Japan surrendered to allies on August 15th, 1945 if and 
only if the independence of Indonesia was proclaimed on August 17th, 1945”. Next, the instructor asked the students to 
consider four possible bi-implications formed and identify the truth value for each bi-implications, as shown in Table 4.   

 
Table 4: Examples of Bi-implication Statements in the Context of HIIS 

A B ↔  
Japan surrendered to allies on August 15th, 
1945 

= T 

The independence of Indonesia was proclaimed on 
August 17th, 1945 

T 

 
 

T 
Japan surrendered to allies on August 15th, 
1945 

= T 

The independence of Indonesia was not proclaimed 
on August 17th, 1945 

F 

 
 

F 
Japan did not surrender to allies on August 
15th, 1945 

= F 

The independence of Indonesia was proclaimed on 
August 17th, 1945 

T 

 
 

F 
Japan did not surrender to allies on August 
15th, 1945 

= F 

The independence of Indonesia was not proclaimed 
on August 17th, 1945 

F 

 
 

T 
 

After studying the example above, the students were expected to understand that a bi-implication will be a correct one if 
the antecedent and consequence have the same truth value. Then, the instructor asked one of the students to write the 
truth value table of bi-implications on the board as shown in Table 5: 

 
Table 5: bi-implication truth table 
A B ↔  
T T T 
T F F 
F T F 
F F T 

 
Bi-implication  and it’s Truth Value in the Context of Mathematics  

After the students have understood the examples of bi-implication in the context of HIIS, they are expected to 
understand bi-implications in the context of mathematics more easily. In addition, hypotheses-conclusion condition that 
have been previously explained, the instructor also asked the students to pay attention to specific definitions of 
mathematics concepts in the form of bi-conditional statements. Theorems of  “A if  and  only  if  B” are  highly  valued  
in  mathematics and it provides equivalent  and  interesting  new  ways  to  say  exactly  the  same thing.  We have seen 
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sentences of this type in Euclidean geometry.  The theorem: A polygon is a triangle if and only if it has exactly 3 sides, 
indicate that   triangle same with polygon that has exactly 3 sides, or in the other word “triangle”  defined by   “polygon 
that has exactly 3 sides.” Examples of bi-conditional statements in the mathematics contexts and the mixed contexts as 
well as hypotheses and conclusion conditions, are presented in Table 6: 

 
Table 6: Examples of Bi-implication in the Context of Mathematics  

Hypothesis-Conclusion Bi-conditional Truth 
Value 

Unrelated  2 + 6 = 8 ↔ 7 x 3 = 21 T 
Related 3 is integer  ↔ 32 is integer F 
Not a statement N is a positive integer if 2N is an even positive integer F 
definition  A natural number  p is prime if it is only divisible by 1 and itself T 
Not a statement  	 	2 7 ↔ 5 T 
Definition A  triangle  is  isosceles  if  and  only  if  it  has  two congruent 

(equal) sides.   
T 

Unrelated If Berlian is a president, then  72 is odd number F 
 

Based on the observation in the pilot experiment stage, the study found that the HIIS can be used as the learning 
context of implication and bi-implication. The prominent figures the students identified when they were asked to make 
statements about the HIIS included: General Soedirman, Soekarno, Muhammad Hatta, Pangeran Diponegoro, Pattimura, 
and Tjut Nyak Dhien. Meanwhile, the most commonly identified event in the history of Indonesian independence 
struggle included: the war of Aceh, the war of Diponegoro, the kidnapping of Bung Karno by youth leaders to force him 
to proclaim the independence, and the proclamation of independence. The history had become a means for the students to 
develop the table of truth and understand the truths of implication and bi-implication.   

In the next step, the instructor facilitated the students to convert their understanding about conditional and bi-
conditional based on the context of HIIS into the context of mathematics. According to Freudenthal (2002) “Mathematics 
has arisen and arises through mathematising. This phenomenological fact  is  didactically  accounted  for  by  the  
principle  of  guided  reinvention. Mathematising  is  mathematising  something, something  non-mathematical  or 
something not yet mathematical enough, which needs more, better, more refined, more perspicuous mathematising.” (p. 
66). Then, the study illustrated the experiment of HLT in mathematics context where there were exciting classroom 
interactions. In the learning process, all students were highly engaged in discussions.  

This mathematising process was begun by present the following statement: “2 + 6 = 8 → 7x 3 = 21,” which led to 
dialog and interaction; all names of students are anonymous.  
Nendi : Mam, what is the relation between 2 + 6 = 8 and 7 x 3 = 21? 
Instructor :Anyone can help answer Nendi’s question? 
Firman :No relation, Mam! 
Berlian : I believe there’s a relation, Mam! 
Instructor :What is it, Berlian? 
Berlian : Both are correct 
Instructor : Firman was right. The product  of 7 and 3 cannot be determined by the sum  of 2 and 6. No matter how 

many the sum of 2 and 6,    7 x 3 fixed = 21. 
Firman : Yes, Mam! 
Instructor : Since 2 + 6 = 8 is right, and7 x 3 = 21 also right, as Berlian said, then 2 + 6 = 8 → 7 x 3 = 21 is a   

Correct conditional statement.  
Firman& Berlian : Yes, Mam! 
Instructor : What if General Soedirman were a proclamator, then 2+3 = 7? 
Tanti : I think there’s no relation on this at all, Mam! 
Ninda : Not only no relation, but also both are wrong. 
Berlian : But Mam, General Soedirman was a proclamator is a statement with wrong value, 2+3 = 7 also has 

wrong value, then … 
Instructor : So, Berliana, what do you say? 
Berlian : So, the statement has a truth value. 
Instructor : Exactly, give it up for Berliana you folks! 
 

Based on this mathematising process, the students did not get any significant difficulties to understand or accept 
the statement “2 + 6 = 8 ↔ 7 x 3 = 21”as a truth statement. Then, in order to facilitate the students to do mathematical 
process on bi-conditional statement, the instructor expressed a statement:  x+2= 7↔ x=5  with the hope that there will be 
even more exciting conversation in class since the antecedent and consequence of that bi-conditional was not a statement. 
Since this activity is important, the instructor then redesigned the learning process to make the following conversation: 
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Instructor : Let’s focus on this statement: 	2 7 ↔ 5.		Do you find anything special in this biconditional?
 Since no one responded, the instructor then changed the strategy. 

Instructor : Berlian, can you name the antecedent and consequence of this bi-conditional! 
Berlian : Antecedent:  	2 7, consequence: 5 
Instructor : Are the antecedent and consequence a statement? 
Students : Not, Mam! 
Ani : But, Mam, if	 	2 7,then		 		exactly 5,	meaning that … 
Instructor : Meaning what, Ani? 
Ani : The bi-conditional is correct. 
Instructor : Give it up for Ani, folks! Remember the rule, if antecedent and consequence of a conditional or bi-

conditional are not a statement, then the truth value of the statement  cannot be decided by the truth of 
antecedent and consequence, rather by the correlation of both. 

 
CONCLUSION  
 

This study concludes that: 1) Hypothetical Learning  Trajectory designed by the researcher included:  reflections 
on the history of Indonesian independence struggle; implication and bi-implication; implication, bi-implication and their 
truth in the context of the history of the Indonesian independence struggle; implication, bi-implication and their truth in 
the context of mathematics. 2) Based on the results of discussions with colleagues, the students’ ability in mathematical 
thinking can be developed by using the history of Indonesian independence struggle as the context of learning in a 
mathematics logics course.   
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Abstract  
This study aimed to analyse the academic achievement of Biology students of the Primary School Teacher Education 
program at Pakuan University in terms of gender and their previous school major. The study was conducted on all 
students enrolled in the Primary School Teacher Education program. This research used a survey method, which 
incorporated the students’ demographic data consisting of Biology achievement in the subject of Basic Concepts of 
Biology for Elementary. School in first semester, students’ gender and their previous school major’s, When the data were 
analysed using a t test, the results showed that: 1) the female students had better learning achievements than the male 
students; and 2) the students from science majors in high schools showed better learning achievements than the senior 
high school students from non-science majors. 
 
Keywords: Biology Achievement, Gender, Previous School Major 
 
 
INTRODUCTION 
 

Gender differences in academic achievement have been the main focus of some researches both in psychology and 
neuropsychology areas (Halpern, 2012; Voyer dan Voyer 2014; Kimura, 1999; Maccoby & Jacklin, 1974; Stumpf & 
Jackson, 1994; Weiss et al., 2003; Tarabashkina & Lietz, 2011; Baram-Tsabari dan Yarden, 2011). In addition, the 
gender differences in the achievement in science subjects have become the main topic of discussion (Linver et al, 2002). 
Besides gender, the quality and curriculum of the previous education also give influence to the learning success in the 
next education level (Kuhl, et al, 2006; Riyani, 2012). 

Educational process experienced by a child occurs at home and school environment. Students spend most of their 
time for studying at school, and therefore the real educational process should provide the necessary stimulus for learning 
experience through curricula, learning process, and their relationship, and accordingly the expected achievement can be 
achieved (Lawrence & Vimala, 2012). Factors influencing students’ academic achievement involve those arising from 
the individual’s environment (external factors) and those arising from the individual’s person (internal factors). The 
former comprise instrumental and environmental factors while the latter consist of physical and psychological conditions. 
Psychological conditions in which gender also gives effects to the students’ academic achievement involve intelligence, 
talent, interest, motivation, emotion, and cognitive ability (Santrock, 2007). 

Primary Teacher Education is a study program aimed at preparing teacher candidates for primary schools. Pakuan 
University as one of the education and teacher training institutions provides teacher candidates with professional identity. 
One of the prepared teachers is primary school teacher who serves as teaching agent to support the foundations of 
education in Indonesia. As teacher candidates, students of Primary Teacher Education ought to have not only the required 
academic knowledge, but also pedagogical knowledge and skills, as well as good attitude and character since they will be 
a model for their students. The Government Regulation (PP—Peraturan Pemerintah) Number 19 Year 2005 about 
National Education Standard Article 28 postulates that educators or teachers are teaching agents who have to possess 
four competences, i.e. pedagogical, personal, professional, and social competences. Teacher competence can be defined 
as a cluster of knowledge, skills, and attitude manifested in forms of a set of smart and responsible behaviours that should 
be performed to serve as professional teachers. In addition, professional competence is the capability concerning the 
broad and deep mastery of subjects, involving mastery of curriculum content, knowledge of materials covered in the 
curriculum, and increasing scientific insights as teachers. 

The curriculum applied at the study program of Primary Teacher Education of Pakuan University requires the 
students to master the basic knowledge taught to their future students according to the currently applied curriculum, 
including that of natural science. One of the courses supporting the aforementioned competences is the Basic Concept of 
Biology for Primary Schools. Biology is one of branches of natural science concerned with the study of living organisms, 
including their structure, function, origin, and reaction to their environment (Umar, 2011). The quality and quantity of 
science education received by secondary school students are geared toward developing future professionals (Kareem, 
2003) including primary science teachers. Biology is concerned with ways to find out and understand nature 
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systematically and therefore it covers not only knowledge mastery requiring facts, concepts, and principles, but also 
discovery process. Biology learning is expected to be a medium for students to understand themselves and their 
surrounding nature better (Ristanto, 2010). 

In reference to data of Pakuan University freshman admission, students’ interest to be primary teacher candidates 
is considered high. It is seen from the fact that Primary Teacher Education graduates have higher interest to apply for 
primary school teachers in recent years than those of other study programs. Data of Primary Teacher Education show that 
there is imbalance in the number of male and female students. The students come from different majors in high schools, 
e.g. natural and social sciences, linguistics, and religion, and those in vocational schools such as hospitality, accounting, 
marketing, computer and network engineering, etc. During their high school years, some students have got better 
comprehensive biology curriculum, some have only got basic biological sciences, but others have not. 

Based on the aforementioned facts, a study to investigate and analyse the achievement gaps of Primary Teacher 
Education students of Pakuan University in Biology by gender and majors in previous schools is highly required. The 
research findings are expected to be used as basis of consideration in determining learning process of Basic Concepts of 
Biology for Primary Schools and therefore the students’ achievement gaps by gender and majors in previous schools can 
be diminished. 

According to Laurence and Vimala (2012), academic achievement is defined as students’ measure of knowledge 
gained in their formal education, indicated by test scores, grade, grade points, average scores, and degrees. Several 
studies depict either the presence or the absence of relationship between genders and academic achievement. One of them 
is a study carried out by Zember dan Blume (2011) reporting that most studies show that girls perform better than boys in 
schools. This corroborates an earlier report by Dayioglu and Turut-asit (2004) in a study proving that although girls enter 
universities with low scores, they out perform their male counterparts after the learning process. In contrast, Abubakar 
and Oguguo (2011) as well as Uduosoro (2011) found no significant difference between the performance of female and 
male students. 
 
RESEARCH METHODOLOGY 
 

The present study belongs to survey research conducted on Primary Teacher Education students of Pakuan 
University in 2015. The research population includes 1,430 students of Primary Teacher Education of Pakuan University. 
A sample of 403 students in semester 2, 4, and 6 were taken at random. Instruments used in the research are student 
demographic data comprising name, student number, gender, previous high school, major in previous school, academic 
achievement in Biology. They are classified into natural science major and non-science majors. Academic achievement 
in biology is learning outcomes gained by the students after learning Basic Concepts of Biology for Primary School for 
one semester, ranging from 1 to 4. Demographic data of students of Primary Teacher Education were collected and then 
analysed using t-test with SPSS program to find out the significance of achievement gap. Afterwards, average descriptive 
statistics were used to determine whether academic achievement in Biology is better on either students’ gender or majors 
in the previous school variables. 
 
RESULTS AND DISCUSSION  
 

After the implementation of t-test on student demographic data by means of SPSS, the following findings are 
shown: 
 
1. t-test on students’ gender and academic achievement in Biology results in p-value of 0.000 < 0.005 indicates that 

there exists a significant difference between gender and academic achievement of students in learning Basic 
Concepts of Biology for Primary Schools. In addition, the achievement gaps can be seen from average scores of 
academic achievement in Biology. Descriptive data of gender and achievement gaps can be seen in Table 1.  

 
Table 1. Results of Descriptive Statistics of Gender and Academic Achievement in Biology 

 
 Gender N Mean Std. Deviation Std. Error

   Mean
      
Previous Male 61 1.28 0.452 0.058

School Female 342 1.52 0.500 0.027
 

Table 1 indicates that female students have better academic achievement in course of Basic Concepts of Biology for 
Primary Schools with average score of 1.52 higher than that of achievement of male students. 

 
2. t-test on students’ majors in previous school and academic achievement in Biology results in p-value of 0.000 < 

296



0.005 indicating that there exists a significant difference between students of natural science and non-science majors 
in previous school and their academic achievement in Biology. Furthermore, results of descriptive statistics of 
academic achievement in Biology by students’ majors are described in Table 2. 

 
Table 2. Results of Descriptive Statistics of Majors in Previous School and Academic Achievement in Biology 

 

 Major N Mean Std. Deviation Std. Error 

     Mean 
       
 Non-science 209 1.79 0.409 0.028 

Gender Natural 
194 1.91 0.283 0.020

 
 

Science 
 

      
 

In reference to the above table, it can be concluded that students of natural science major have higher average scores 
of academic achievement than those of students of non-science majors with score of 1.91 (higher than that showing 
average achievement of students of non-science majors of 1.79). 

 
Achievement Gaps by Students’ Gender 

The research findings indicate that there is a significant difference between students’ gender and academic 
achievement in learning Basic Concepts of Biology for Primary School which is shown by t-test resulting in p-value of 
0.000 < 0.005. In addition, the achievement gaps can also be seen from the average scores of achievement in Biology, i.e. 
female students have better achievement with the average scores of 1.82 higher than those of the male students (1.28). 
The aforementioned finding relates to a study conducted by Zeu and Leung (2010) proving that motivation gives positive 
effects to the students’ academic achievement. Furthermore, Asmita (2007) postulates that the learning motivation 
performed by female students is better than that of male students. This research finding is also agreed by Zember and 
Blume (2011) and Diyaoglu and Turu-asit (2004) reporting that female students have better academic achievement than 
male ones. 

The study program of Primary Teacher Education is dominated by female students. The fact can be related to the 
students’ comfort in learning; they will feel more comfortable when learning in the environment having similar 
psychological condition. This finding is in accordance with Santrock (2007) stating that gender is a socio-cultural 
dimension related to academic achievement. The characteristics of male and female students can also be one of factors 
contributing to the achievement gaps. Female students of Primary Teacher Education program of Pakuan University tend 
to be more diligent than the male ones. During Basic Concept of Biology for Primary Schools class the female students 
are more active in discussion and in note-taking of new knowledge they acquire, as well as more punctual in submitting 
class assignments compared to the male ones. The aforementioned finding is in line with that that reported by Baram-
Tsabari and Yarden (2011) stating that girls tend to have interest in the area of Biology, while boys are more interested in 
the areas of Physics and Technology. 
 
Achievement Gaps by Students’ Majors in Previous School 

The research findings depict that there are significant achievement gaps between students of natural science major 
and those of non-science majors in previous school. It is shown by t-test resulting in p-value of 0.000 < 0.005. 
Furthermore, descriptive statistics on academic achievement in Basic Concept of Biology for Primary School course 
indicate that students of natural science major (with average score of 1.91) have higher academic achievement than those 
of non-science majors (with average score of 1.79). 

In reference to the study conducted by Ristanto (2010), there are significant achievement gaps between students 
having high capability and those having low one at the beginning of the course. Students with high capability at the 
beginning result in better academic achievement in Biology. This fact is in line with studies carried out by Kuhl, et al 
(2006) and Riyani (2012) stating that both curriculum and learning experience will contribute to students’ academic 
achievement. Students of natural science major have more complex learning experience of Biology subject than those of 
non-science majors. Even some students coming from vocational schools have not experienced Biology learning and 
consequently they have lower academic achievement in course of Basic Concepts of Biology for Primary School. 

Students of natural science major have more learning experiences of Biology subject since they have perceived 
the knowledge in their previous high school curriculum and therefore they only need to adapt with new environment. In 
contrast, those of non-science majors have to adapt with both new material and environment. 
 
CONCLUSIONS 
 
1. There is a significant difference between gender and academic achievement of students of Primary Teacher 
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Education of Pakuan University. Female students have better achievement in Biology than the male ones.  
2. There is a significant difference between majors in previous school and academic achievement of students of 

Primary Teacher Education of Pakuan University. The students of natural science major perform better achievement 
in Biology than those of non-science majors.  

 
RECOMMENDATION 
 

Considering the aforementioned conclusions, the researcher suggests some recommendation comprising: It is 
necessary to conduct further research on sub-materials of the Basic Concept of Biology for Primary Schools to find out 
the academic gaps in each sub-material by students’ gender and their majors in previous school. Due to the presence of 
academic gaps by gender and students majors in previous school, it is also necessary to carry out further research on 
learning process aiming at coping with the gaps, for instance a research on the implementation of cooperative learning, 
and therefore heterogeneous learning atmosphere can be created.  
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Abstract: This study investigated the effect of contextualized teaching on students’ problem solving skills in physics 
through a quasi-experimental approach. Problem solving performance of students was described quantitatively through 
their mean problem solving scores and problem solving skills level. A unit plan patterned from the cognitive 
apprenticeship approach and contextualized using maritime context of ship stability was implemented on the 
experimental group while the control group had the conventional lecture method. Pre and post assessment, which is a 
researcher-developed word problem assessment was administered to both groups. Results indicated increased problem 
solving mean scores (p < 0.001), problem solving skill level (p < 0.001) of the experimental group while the control 
group increased only their problem solving skill level (p = 0.008). Thus, contextualized teaching can improve the 
problem solving performance of students. This study recommends using contextualization using other physics topics 
where other contexts can be applied. 
 
Keywords: Contextualization, Contextualized Teaching, Problem Solving, Problem Solving Skills 
 
 
INTRODUCTION 
 

Problem solving is a skill in science that has received considerable attention from researchers all over the world. 
Some of the major areas effecting problem solving that have received considerable attention include the difference 
between expert and novice problem solvers (Chi, Feltovich & Glaser, 1981; Hardiman, Dufresne & Maestre, 1989; 
Larkin & Reif, 1979), use of representations and diagrams in problem solving activities (Chi, Feltovich & Glaser, 1981; 
Kohl & Finkelstein, 2006; Maries & Singh, 2011; Kohl, 2001), transfer of learning in problem solving performance 
(Engle, Nguyen and Mendelson, 2011), use of multimedia representations to enhance problem solving (Stelzer, 
Gladding, Mestre & Brooks, 2009; Titus, Martin & Beichner, 1998) and teaching strategies for problem solving 
(Caliscan, Selcuk & Erol, 2009, 2011; Gangoso, Moyano, Buteler, Coleoni & Gattoni, 2006; Heller, Keith & Anderson, 
1992; Leonard, Dufresne & Mestre, 1996). There are also cognitive studies on problem solving (Dickie, 2003; Litzinger 
et al., 2010; Slava, Renkl, & Paas, 2010; Teodorescu, Bennhold & Feldman, 2008) and problem solving difficulties 
encountered by students (Chi, Bassok, Lewis, Reimann & Glaser, 2010; Clement, 1982; Ogunleye, 2009).  

Problem solving is an essential skill assessed by teachers and instructors in all levels from basic to higher 
education because of the belief that this is an essential life skill that will prepare students to adapt to the rapidly changing 
world. However, students find problem solving assessments in the form of word problems difficult (Clement, 1982; 
Ogunleye, 2009; Chi, Bassok, Lewis, Reimann & Glaser, 2010). Despite the efforts of the teacher thoroughly discussing 
a multitude of examples, there remains some barriers that make problem solving relatively challenging to learn. One 
important factor that is argued to have a significant impact on the problem assessment is ‘context’ (Bond, 2004; Fegghi 
and Valizalde, 2011; Huang, 2011; McCullough, 2004; Miller, 2006; Perin, 2011).  

Context in this sense is operationally defined as situations or circumstances that can help clarify a certain event 
or situation. Context of word problems can vary from formulation (realistic, abstract) to delivery (print, animated, 
manipulative). Researches (Khan et al., 2012; Geelan, 2003; Vignouli et al., 2002; Steinberg & Donelly, 2002) suggest 
that word problems in physics must be based on actual experiences in order to bridge the gap between the abstract 
concepts and the real world applications. This explicit emphasis of the classroom and real-world connection is 
highlighted by contextualization of word problems (Perin, 2011; Miller, 2006) to ensure that student are familiar with the 
context and so that they can activate their knowledge base (Bond, 2004). Moreover, an examination of the wide array of 
context and the nature of learning of the students must be taken into consideration in order to effectively contextualize 
word problems.  
 
Situated Learning Theory and Cognitive Apprenticeship Approach 

One theory that supports the use of context both in teaching and assessment is the Situated Learning Theory that 
provides the link between the classroom learning experiences and the reality of the world of work (Lave, 1991). In 
addition, this theory argues that learning occurs in a specific context as an individual immerses into practice, which is 
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influenced by the physical, social and cultural context (Brown, Collins and Duguid, 1989; Clancey, 1995: Hansman, 
2002; Unan and Inan, 2010). Thus, it is crucial to align the context of the lesson to the real world applications and reality 
of the students. This aspect of enculturating students into authentic reality is put into classroom practice in the process of 
cognitive apprenticeship approach (Brown, Collins, & Duguid, 1989). This approach suggests the following steps in the 
instructional process: modelling, coaching, scaffolding, articulation, reflection and exploration. With due emphasis on 
both content and dynamics, these processes effectively allow students to learn from specific context to generalized 
transfer of learning to other context (Unal & Inal, 2010; Brown, Collins, & Duguid, 1989; Collins, Brown, & Newman, 
1989; Bond, 2004). Contextualized Teaching is also supported by situated learning theory (Berns &Erickson, 2001; 
Perin, 2011).  

Contextualized teaching and learning is defined as an approach that provides the link between classroom 
learning and real-life applications through the use of relevant activities that enhance the motivation of students to learn 
(Perin, 2011; Berns & Erickson, 2001). This characteristic is the same with the situated learning theory which explicitly 
bridges the knowledge with its corresponding real life applications. 
 
In order to really see the impact of how cognitive apprenticeship approach can help students learn problem solving, a 
dedicated unit plan anchored on these approach was developed wherein the lessons are designed according to the 
instructional process as suggested by the cognitive apprenticeship approach. Consequently, the assessment problems are 
intentionally contextualized to the real life applications of the students’ intended field of work in order for these students 
to see the actual applications in their future job. Through the cognitive apprenticeship approach, the students are not only 
exposed to the expert performance of masters in the field but they are also invited to assume a role as they interact with 
the community of learners which in this case is the other students in the class. Students undergo changing multiple roles 
during the lessons as they eventually develop their knowledge and skills and eventually become the master of their field. 
In this study, the skill to be mastered is in the context of solving real-life problems that may occur in the performance of 
their professional job. The assessments are formulated in order to link the word problems to the actual job-related 
problems that the professionals encounter.  
 
RESEARCH METHODOLOGY 
 
Research Design 

This study adopted a quasi-experimental design utilizing a control group (N = 45) to compare the effect of the 
intervention with the experimental group (N = 45). The two classes were taught by only one instructor using two distinct 
and different approaches. The control group was taught using the traditional lecture method. In this method, the teacher 
delivers the lesson through chalk and talk and the usual classroom drills and end of session assignments. The lesson is 
context free and most of the problems discussed are context free and mostly plug and chug method. On the other hand, 
the experimental group was taught using the contextualized teaching based on a dedicated unit plan developed using the 
cognitive apprenticeship approach previously validated by content and instructional experts in science education.  
 
Research Instruments 

The study utilized both researcher developed and literature-based standardized instrument instruments. The 
levels of problem solving skills guide was an instrument adopted from a model used by Adamovic and Hedden (1997) 
which categorizes the students’ problem solving skills to six levels. In the said model, skills in problem solving are 
described using an ordered categorical data: level 1 (Non-Analytical stage), level 2 (Number Writing stage), level 3 
(Symbol Association stage), level 4 (Early Analytical stage), level 5 (Simple Analytical stage) and level 6 (Complex 
Analytical stage). A problem solving grading rubric was used to score the students solutions to the problem solving 
activity. The rubric was adopted from the problem solving rubric developed and validated by Docktor and Heller (2009). 
It was composed of five categories (useful description, physics approach, specific physics application, mathematical 
procedures and logical progression) with each category corresponding to a certain step in the problem solving process. 
Each category has six performance descriptors (0 to 5) with appropriate descriptions for each point to be rewarded and 
two non-numerical sub categories designated for non-applicable cases in the solutions of the students. The data gathered 
using the contextualized word problems were scores from the problem solving activities taken from the administered pre 
and post assessments.  
 
Data Gathering and Treatment  

The problem solving scores of the students during the pre-test and post-test was obtained from the 3-item word 
problem activity. The pre-test was based on the topic of Force and the post-test was based on the topic of Equilibrium. 
The mean scores for the pre-test and post-test results for both experimental and control groups were calculated. The 
levels of problem solving skills for each student were determined by taking the mode among the three items in the 
problem solving activities. Independent samples t-test was used to compare the problem solving mean scores for both the 
pre-test and the post-test scores. Wilcoxon sign rank test was used to compare the problem solving skills for dependent 
paired sample and Mann-Whitney U test for independent samples.  

300



 
RESULTS AND DISCUSSION 
 
Problem Solving Mean Scores 

The problem solving scores of the students for all the 3 items are summed up. Students could get as low as 0 and 
as high as 25 points for each item. The maximum total score for the entire test is 75 points. The mean scores of the 
students for both experimental and control groups are presented in Table 1. 

 
Table 1. Mean Scores and Standard Deviations of the Problem Solving Activities 

 Experimental group  Control group 
 Pre-test Post-test Pre-test Post-test 
Mean  15.38  28.73  13.39  13.34  
SD  10.24  9.16  9.31  8.52  
N  45  45  44  38  

 
Students from the experimental group have slightly higher scores during the pre-test compared to the control 

group. Upon examination of the pre-test assessment papers of the students using the rubrics, the experimental group 
scored better in the useful description category of the rubric. Some of the students in the experimental group were able to 
associate the numbers with the proper symbol and thus scored a point higher than those who merely wrote the numbers 
from the problem. The rest of the categories were nearly the same for both groups. In addition, most of the students from 
both groups had very poor performance on the specific application of physics and logical progression category of the 
rubric. During the post-test assessment, the experimental group scored better in physics approach, specific application of 
physics and logical progression. Majority of the students from the experimental group picked the right formula, 
performed appropriate mathematical calculations although some had major errors, and applied the approach to solving 
the problem. The control group, on the other hand, improved in their useful description but had trouble identifying the 
right formula to perform the calculations, resulting to erroneous mathematical procedures and lack of coherence in the 
solution. The mean scores of the students from both groups during the pre-test had a slight difference (see Table 1). An 
independent–samples t-test showed that the pre-test scores of the control group and the experimental group did not have 
any significant difference, t(80) = 0.369, p = 0.71. This result showed that in the beginning, both groups are equivalent 
and that there is no superior group in terms of problem solving mean scores. An independent-samples t-test for the post-
test scores of the control and experimental group revealed that the difference between the mean scores was statistically 
significant, t (80) = 7.85, p < 0.001.  

The increase in problem solving performance could be attributed to the contextualization of the test to maritime 
related problems that were novel to the control group since there was no explicit mention of maritime related context 
during the parallel lessons. Introduction of context to problem solving can sometimes trigger wrong responses (Fout, 
2009), distract students due to superficial features (Huang, 2004), and prevent students from making explicit connection 
between unfamiliar context and the learned context (Vesali & Noori, 2009). The superior performance of the students in 
the experimental group over the control group emphasized the benefits of contextual teaching. The mean scores of the 
students in the experimental group increased significantly compared to the control group because majority of them were 
able to pick the correct approach and formula in solving the problems, although, majority had mathematical errors which 
resulted to erroneous final answers. They scored better in terms of the physics approach, specific physics application, and 
logical progression as compared to the control group who only did well in the aspects of useful description and specific 
physics application. The familiarity of the terms, concepts, and situation that were embedded in the post-test problem 
solving questions facilitated in the activation of the knowledge (Bond, 2004) explicitly studied during contextual 
teaching. However superior the performance of the experimental group was compared to the control group, the problem 
solving performance of the students in the experimental group must improve further as the mean scores were still 
relatively low compared to the total score of the whole problem solving test. Sustained instruction using contextualized 
teaching must be practiced and the focus must be on the context useful to the students in their future career. 

The results of the statistical treatment of data revealed the potential of contextualized teaching in increasing the 
performance of students (Bottge, 1990; Fout, 2009; Huang, 2011; Miller, 2006; Mulcahy & Krezmien, 2009). In terms of 
the mean scores on the problem solving activities, students who were taught using contextualized teaching through 
maritime related context had positive gains and had superior scores over those not given the intervention. 
 
Problem Solving Skill Level 

 
The problem solving skill level is obtained per item of the test based on the fitting description from the model of 

Adamovic and Hedden (1997). The test consists of three-item word problems, and the mode of the three items is used to 
represent the problem solving skill level of the student. The sample size for both groups is reduced significantly due to 
the absence of eight students from the control group during the post-test while for the experimental group, eight students 
had problem solving skill levels that did not have any modal value during the post-test. Most of the eight students from 
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the experimental group had problem solving skill levels 2, 3, and 1 corresponding to each item in the post-test. Further 
probing into the case revealed that most of the students had skill level 1 as they did not finish the third problem due to 
time constraint.  Table 2 shows the percentage of students belonging to each level for both the pre-test and post-test 
problem solving assessments. The percentage is used in order to see if there was an increase or decrease in the number of 
students belonging to a certain level.  

 
Table 2. Distribution of Students Based on their Pre and Post Problem Solving Skill Level 

 Experimental (N=37) Control (N=36) 

Problem Solving Skill Level Pre-test 
% 

Post-test 
% 

Pre-test 
% 

Post-test 
% 

Level 1 (Non-Analytical Stage) 24.32 2.7 13.89 2.78 

Level 2 (Number Writing Stage) 35.14 2.7 63.89 44.44 

Level 3 (Symbol Association Stage) 29.73 16.22 19.44 50.0 

Level 4 (Early Analytical Stage) 10.81 75.68 2.78 2.78 

Level 5 (Simple Analytical Stage) 0 2.7 0 0 

Level 6 (Complex Analytical Stage) 0 0 0 0 

 
Majority of the students for both groups belong to level 2 (Number Writing Stage) during the pre-test. This 

indicates that most of the students cannot associate the number with their corresponding meaning and often randomly 
write numbers and mathematical operations. In addition, during the pre-test, there are more students in the experimental 
group who had higher problem solving skill levels (level 3 and 4) compared to the control group which are mostly in 
level 2; but there are also more students in the experimental group who are in the lower levels (level 1) compared to the 
control group. There is an observable shift in the problem solving skill level of the students for both groups after 
comparing the pre-test and post-test problem solving skill level for each group. The mode of the experimental group 
moved two levels higher from level 2 to level 4 indicating that students are now in early analytical stage. The mode of 
the control group also moved from level 2 to level 3 indicating that they are now in the symbol association stage. A 
greater number of students in the control group still belong to level 2 while a great number of students from the 
experimental group had moved to level 3 and 4 leaving only a few students in the lower levels. 

The problem solving skill level of the students from both groups during the pre-test are the same which is at 
level 2 (Number Writing Stage) where 35.14% from the experimental group and 63.89% from the control group were 
listed. Table 3 summarizes the test statistics results for the problem solving skill level for the pre-test and post-test. 

 
Table 3. Pre and Post Problem Solving Skill Statistical Tests 

Type of Test Experimental(N=38) Control (N=38) 
Wilcoxon Sign Rank Test -3.99 -2.67 
p-value < 0.001 0.008 
 Pre-test Post-test 
Mann-Whitney U test -0.71 -6.23 
p-value 0.48 < 0.001 

 
The Wilcoxon Signed Rank Test showed that the difference between the pre-test and the post-test problem 

solving levels of the experimental group was statistically significant, Z = -3.99, p < 0.001. The difference for the control 
group was also statistically significant, Z = -2.67, p = 0.008. The post-test problem solving skill level increased for both 
groups from level 2 (Number Writing Stage) to level 3 (Symbol Association Stage) for the control group and from level 2 
(Number Writing Stage) to level 4 (Early Analytical Stage) for the experimental group. Most of the students from the 
experimental group (75.68%) were already at level 4 while a substantial number of students from the control group were 
still in level 2 (44.44%) and level 3 (50.0%). An equivalent non-parametric test for significant difference across 
independent groups called the Mann-Whitney U test was conducted to check for significant difference in the problem 
solving skill levels across the control group and experimental group. The pre-test problem solving levels of the control 
group and the experimental group were not significant by difference (Z = -0.71, p = 0.48). This indicated the equivalence 
of the groups during the pre-test and that prior to the intervention, both groups were of the same skill level in terms of 
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problem solving. The difference between the post-test problem solving levels of the control group and the experimental 
group was statistically significant, Z = -6.23, p < 0.001. There may be an increase in the problem solving skill levels of 
the students in the experimental group, but the level they are currently placed is not at par with the expectations of the 
course. 
 
CONCLUSIONS AND IMPLICATIONS 
 

The study revealed the potential of contextualized teaching using the context of equilibrium in improving the 
problem solving performance of maritime students in learning Physics. This study also strengthened the claims of other 
research over the superiority of contextualized teaching over traditional teaching methods. The exclusive use of maritime 
context in the lessons facilitated the classroom interaction which is instrumental in increasing the motivation of the 
students to perform better. These students who were taught using the specific context of equilibrium of ships found the 
importance of the topic to their chosen field and to the reality of their work in the future. In effect, these students were 
able to analyse and apply the correct approach to solve the problem unlike the control group who were uncertain what 
algorithms and formula to use. The use of context-specific word problems is not new to teachers and instructors who 
attempt to measure whether students can transfer their learning to other context aside from the one learned in class; 
however, this can sometimes do more harm than good to the students. In the class, the teacher must address the context 
and reality of the students which would allow them to extend their knowledge beyond the abstract and basic context 
found in textbook problems. The intention of the teacher to make students transfer their knowledge to novel context is 
hindered by the limited context of word problems in the textbook. Oftentimes the context of this textbook problems are 
not only novel and irrelevant to the reality of the students, but it could also be inappropriate and incorrect. In the future, 
establishing a framework that will allow teachers to construct problems out of students’ reality and future career path can 
be very helpful in improving the quality of teaching and assessment in problem solving. 
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Abstract: Writing encourages students to review, reiterate, and deepen their understanding of Mathematics concepts. 
Writing a Mathematics journal is one of the methods that will reflect the students’ thinking process. This study aimed to 
investigate the development of reasoning skills from students’ journals by (1) describing the pattern of Mathematical 
thinking and identifying their skill development in mathematical reasoning from their journal; (2) elaborating ways by 
which their Mathematics journal can be applied to their learning; and (3) exploring the role of the journal in students’ 
learning. Students’ mathematical reasoning skills were measured by using the following indicators: recalling; analysing; 
comparing; and making a conclusion. A case study method was used in this research and the participants were two 5th 
grade students in a private primary school in Bekasi. In collecting data, the researcher used the students’ reflection 
journal, interviewed the students and interviewed their Mathematics teacher. In analysing students’ journals, the 
researcher used the development rubric of mathematical reasoning. The study showed that students’ mathematical 
reasoning skills developed gradually. It can be seen by students’ ability to explain their reflection started from reflecting 
on what they had learned, writing the problem, elaborating their process of thinking in solving the Mathematics problem 
and finally making a conclusion. 
 
Keywords: Writing a Mathematics Journal, Development of Mathematical reasoning 
 
 
INTRODUCTION 

Mathematics is commonly thought of as being about numbers, but mathematics is actually a language. Language 
and mathematics are intrinsically related. Mathematics is the language that nature speaks to us in. As we learn to 
understand and speak this language, we can discover many of nature’s secrets. Attention to language is an important 
component in developing students’ reasoning skill in mathematics. This level of significance is recognized in the 
National Council of Teachers of Mathematics “Principles and Standards for School Mathematics” (2000), with reasoning 
and communication identified as two of five process standards along with connections, problem solving, and 
representation. In Indonesia, mathematics teachers are mandated to assess students’ ability to communicate their 
reasoning and using of mathematical language and symbols. Reasoning skill will encourage students to think critically, 
analytically, creatively, independently, and solve problems in school or in the context of everyday life. 

The education system in Indonesia still focuses on the examinations. It effects the practice of teaching which 
focuses on subject content and ignores the development of students' thinking skills (Soedjadi, 2000; Rohaeti, 2010). Most 
of the teaching and learning process that takes place in school is through the lecture method, which is based on 
memorization of facts that leads students to think less critically (Cobb et al., 1992; Duplass & Ziedler, 2002). Thus, 
negligence of the importance of thinking skills in teaching and learning affects students' ability to think (Henningsen & 
Stein, 1997; Zohar & Dori, 2003). This has led to a low level of thinking ability of students' in Indonesia. Low ability 
among Indonesian students is shown by the study TIMSS 2011 and PISA 2012. Study Trends in Mathematics and 
Science (TIMSS 2011) showed that students of Indonesia ranked 38th in mathematics amongst 42 countries. Besides 
that, the results of PISA 2012 survey found Indonesian students at position 64 out of the 65 countries in mathematical 
literacy skills (OECD, 2014). The study revealed that Indonesian students’ answer efficiently in arithmetic problem, but 
are weak in non-routine problem solving. 

Writing encourages students to review, reiterate, and deepen their understanding of Mathematics concepts. 
Writing in mathematics engages students as they manipulate, integrate, and restructure knowledge through using and 
reflecting on prior knowledge, concepts, and beliefs (Lim & Pugalee, 2004). Writing a Mathematics journal is one of the 
methods that will reflect the students’ thinking process. Journaling helped the students to focus and extend their thinking. 
I found, as did Pugalee (2001), that writing about and describing the mathematical process encourages students to reflect 
on their thinking. The key to journal writing appears to be encouraging students to question themselves when they do not 
understand rather than be dependent upon their teacher to tell them whether they understand. 

This study, conducted from November to December 2012, explored the development of mathematical reasoning 
skills in primary school through journal writing. To explore its development, this study would describe the pattern of 
students’ mathematical thinking process, identify their development of mathematical reasoning, explain the impact of 
applying mathematics journal toward mathematical reasoning skill development, and explore the role of journal in 
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learning. Even though this study was conducted in a grade 5 applied mathematics class, we believe that journals can be 
used in any course at all grade levels. Hence the specific question was: 
 
RESEARCH METHODOLOGY 

This research took place at a primary school in Bekasi. The school, which adopts Montesorri strategy, 
implemented journal writing for students since they are in primary 1 until 6. Their goal is to develop student’s writing 
skill only.  One mathematics class or they call as “Sentra Balok” of 12 students was asked to participate in the research. 
This study analysed 2 students who represent the class. To answer the question posed, a qualitative research methodology 
incorporating case study was used. To border the case of this study, the author used instrumental case study. The study 
focuses on only one case which has the purpose to explain in detail, thus this study could define the concept clearly 
(Idrus, 2009). This study explored the phenomena mathematics journal writing, which has a role in developing student’s 
reasoning and as the tool for reflecting students’ understanding. 
 
The Study 

Each student would write a mathematics journal every meeting and at the end of class. They were asked to write 
their reflections during learning mathematics by following the journal template. Students were asked to share their 
feelings, what they have learned, and create the example of the problem, on their journal. Journals were collected at the 
end of the class. After that, researchers interviewed students one by one based on their journal. Interview date is used to 
cross check the content of mathematics journal that students had written. Journals were scored using a reasoning rubric 
which is already adapted from Indonesia curriculum and Reasoning skills rubric from “Quellmalz and Hoskyn”, created 
by the authors. 
 
RESULTS AND DISCUSSION 
 
Analysis of Findings 

The idea of this case study was to improve students’ reasoning skill by asking the students to write in their 
journals about how they solve the problems or how they integrate concept and apply the concept to solve real life 
problems, and make a conclusion. Writing is one of communication methods. By writing, students can express their 
feelings, ideas, strategies, solution, and clarify their understanding through writing. Communication is part of the 
reasoning. Through a journal, reasoning process is shown; how students tell the materials what they learned (include how 
they integrate the concepts) and solving the problems (include how they implement the concepts into many problems 
with different difficulties and make a conclusion) by using their own language.  

The process of teaching and learning mathematics in Batutis Al Ilmi primary school uses “Kelas Sentra” method. 
Teaching and learning Mathematics is done by the following activities: (1) at the beginning, students are asked to 
identify the problem, (2) after students understand the problem, teacher introduces the concept based on the problem that 
they analysed, (3) at the end, the teacher gives students three problems with different difficulties. By this method, 
students use their mathematical reasoning. There are two aspects in thinking that are showed by students in their journal, 
(1) passive thinking, such as memorization, and (2) active thinking, such as showing their understanding of the materials. 
Here is presentation of analysis data of students’ journal based on a rubric of mathematical reasoning.  
 
#1st Indicator: Recall  

From this study, students showed their development in recalling indicator gradually. It can be seen, students are 
able to elaborate the materials and topic which they already learned, define the materials, write the formula and example 
by using their own language. Hence, it showed their understanding.  
 
Student #1, in the first meeting, reflected what he learned, but lacks detail and clarity of mathematics context. However, 
the calculation of the example is correct.  
 

“…-3 x 30 = -90” 
 
Then, in the second meeting, student #1 reflected what he learned more detail and clear. He defines the concept and 
example well.  
 

“Today, I learned 2012-calendar. I counted how many days in each month, January 31 days, February 29 days, total 
days of 12 months is 366 days” 

 
In 3rd till 6th meeting, student #1 showed his improvement in recalling indicator. He tells what he learned; starts from the 
title of the topic, definition, formula, and example. 
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“Today, I learned about Rim, Gross, Score, by calculating clothes, pencil, and HVS 1 Rim. A score is twenty-pieces, 1 
rim is 500-papers, 1 gross is 12-dozen, 1 dozen is 12-pieces” 

 
Besides student #1, In first meeting, Student #2, can explain what she learned well, not only write the example. She 
knows the topic that she learned.   
 

“In mathematics class, I learned about operations of negative integers, such as minus, plus…” 
 
Then, in 2nd till 6th meeting, student #2 showed improvement in recalling indicator gradually. She tells what she learned 
detail and clarity; starts from the title of the topic, definition, formula, and example. 
 
#2nd Indicator: Analysis 

In this indicator, students are able to derive the solution process until the students get the concept or conclusion. 
The same like first indicator description, at first meeting, students don’t explain the process of solving problems yet, 
although the calculations are correct. Next meeting, students showed improvement in analysing the problem to get the 
concept. 
 

“Father is older 2 windu (cycle of 8 years) than Mom age, If father is 90 years old, How old is Mom?         1 windu is 8 
years, if 2 windu is 16 years, then mom age is 90 – 16 = 74” 

 
#3rd Indicator: Comparison 

According to the rubric, in comparison indicator, students are able to  (1) operate integer number, time units, 
quantity units, (2) convert to units value, (3) operate more than three operations, (4) operate mathematics operations with 
different units (5) predict the result. We can see students’ journal when they compare the units. 

“…1 windu is 8 years, if 2 windu is 16 years…” 
“…1 week is 7 days, 1 month 30 days, 1 year 365 days…” 

 
#4th Indicator: Inference 

According to Bloom Taxonomy, Inference indicator is the highest level for students’ thinking process. In this 
study, students still get difficulties to make conclusion, it can be seen from how students choose the method to solve the 
problem and explain the concept that they have learned. 

 
“…we know that 1 week is 7 days, 1 month is 30 days, 1 year is 365 days, and hence we don’t get difficulties to calculate 

because the units are the same” 
 

 
Table 1 gives the results of students’ journals in quantitative data which are analysed using the rubric of mathematical 
reasoning. 

 
Table 1. Students’ Journal in Quantitative Data 

Indicators 
Journal 1 Journal 2 Journal 3 Journal 4 Journal 5 Journal 6 Average 
P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 

Recall 2 3,5 3,3 4 3,8 3,3 4 3,3 4 3,8 4 4 3,5 3,7 
Analysis 3 2,5 4 4 4 4 4 4 4 4 4 4 3,8 3,8 

Comparison 3 3,5 3 3,5 3,5 4 4 4 4 3,5 4 4 3,6 3,8
Inference 2,5 3 3 3,5 3,5 3 3,8 3,5 3,5 3,5 4 4 3,4 3,4 
Average 2,6 3,1 3,3 3,8 3,7 3,6 3,9 3,7 3,9 3,7 4 4 3,6 3,7 

 
The table shows that students are good at analysis and comparison. Students’ journals demonstrate the power of 
communication in writing in supporting students’ capacity to use their reasoning mathematically. Writing helps students 
focus and extend their thinking by developing mathematical reasoning.  

This study explored the role of journal writing in helping students learn mathematics and in developing their 
reasoning skill. According to Piaget, primary students are in concrete thinking level. They need concrete-tools to help 
them understand the concept well.  In teaching and learning mathematics, journal writing support students to 
strengthening and clarifying their understanding and developing their reasoning skill. Writing is one way to foster 
mathematical understanding (Consiglio, 2003). Writing a journal allows students to express thought, ideas, and feelings. 
When students in a math class are required to maintain their own mathematics journal, it will affect to students 
understanding increased. By writing, students are not only memorizing or remembering the materials, but also students 
are asked to use their understanding in analysing and implementing the concept, until they get the result or conclusion.  
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Impact of Research 
Journal writing is now an important component of the classroom teacher’s applied mathematics courses (not only 

as regular and as a tool to improve students’ writing skill to be neat and tidy) because of the cognitive and affective 
benefits on students, also encouraging was students’ view of writing as a tool to help them learn mathematics (e.g. 
through reflection). Based on interview, writing a journal helps students in learning mathematics. In every journal, they 
should integrate the concept of the topic, and hence they understand the concept deeply and if they want to do recalling, 
they just see their journal. Besides, writing a journal affects the students thinking process which has improved. Students 
are easily able to understand the concept and analyse the problem  
 
CONCLUSION 

The study showed that students’ mathematical reasoning skills developed gradually. It can be seen by students’ 
ability to explain their reflection started from reflecting on what they had learned, writing the problem, elaborating their 
process of thinking in solving the Mathematics problem and finally making a conclusion. The role of journal is to make 
student easier in learning mathematics. The effect of journal writing is that students get familiarization in solving the 
problem and also to express their thinking process.  
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Abstract: This paper proposes a blended learning environment approach to help enhance students’ learning outcomes in 
science during LEOS.  This inquiry took the nature of an ethnographic case study (Lincoln & Guba 1985; Merriam, 
1988), and sought to establish ways of enhancing student LEOS.  The context of the inquiry was a private rural religious 
secondary school in New Zealand.  The New Zealand Science Curriculum is based on a constructivist-based view of 
learning which provides opportunities for a number of possible learning experiences for science, including LEOS, to 
enrich student experiences, motivate them to learn science, encourage life-long learning, and provide exposure to future 
careers (Hofstein & Rosenfeld, 1996; Tal, 2012).  However, to make the most of these learning experiences outside the 
school, it is important that adequate preparation is done, before, during and after these visits.  Sadly, the last two decades 
of research suggests that activities outside school such as field trips have not necessarily been used as a means to improve 
school-based learning (Rennie & McClafferty, 1996).  This inquiry utilised an integrated online learning model, using 
Moodle, as a means to increase student collaboration and communication where students become self-directed, negotiate 
their own goals, express meaningful ideas and display a strong sense of collective ownership (Scanlon, Jones & Waycott, 
2005; Willett, 2007).  The digital space provided by Moodle allows students significant autonomy which encourages 
social interactions and this promotes learning and social construction of knowledge (Brown, Collins, & Duguid, 1989; 
Lewin, 2004). 
 
Keywords: Social Constructivism, Co-construction, Integrated Online Learning Model, New Media Literacies (NML) 
 
INTRODUCTION 
 
Learning Experiences Outside School 
Learning experiences outside school is an excellent way to enrich students learning experiences, motivate them to learn 
science, encourage lifelong learning and also expose them to future careers (Bamberger & Tal, 2007; Hofstein & 
Rosenfeld, 1996; Tal, 2012).  These informal settings are idiosyncratic, and learning occurring at these sites depends on 
the students’ personal and social context in which learning takes place (Rennie & Johnston, 2007).  Falk and Dierking 
(2000) stress the point that learning at Informal Science Institutions (ISIs) is a slow process and say it is largely 
dependent upon the student’s prior experiences and knowledge.  Consistent with this, in the last two decades some 
authors have concluded that LEOS has not seen to be contributing towards conceptual learning of science for a variety of 
reasons (see e.g., Rennie & McClafferty, 1996). 
 
The literature goes on to suggest that in order to enhance the learning outcomes in science, it is important to integrate 
out-of-school learning with classroom practice (Orion & Hofstein, 1994).  This could be achieved if teachers actively 
engage in pre- and post-visit planning with strong curriculum links (Anderson & Zang, 2003; Rennie & McClafferty, 
1995; Tofield, Coll, Vyle & Bolstad, 2003).  Some authors argue that lack of integration of field-based experience with 
students own prior experiences during planning means students are rarely engaged in small group activities during LEOS 
(Morag & Tal, 2009; Tal, 2012).  Learning at ISIs is different from that in a classroom, and to maximise such 
opportunities, there is a need for defined objectives and the use of appropriate pedagogies.  The tasks designed to 
facilitate learning during LEOS should allow for scaffolding of students’ prior experience and knowledge, have structure 
but some freedom of choice, should be student-centred and include task-centred activities.  It is important to take full 
advantage of LEOS and provide opportunities for students to socially, emotionally and cognitively interact with others 
and artefacts to promote (lifelong) learning.   
 
How Students Learn  
There has then been a shift in thinking about how students learn.  This change to how we view learning resulted in 
worldwide curriculum reform, a shift from formal curricular in many countries to developing learner-centred curricular 
where there is an integration of formal, non-formal and informal instructions.  That is, providing more choices of what is 
to be studied, where these studies are done, and providing opportunities for students to become responsible for their 
learning.  An example of how some countries have tried to shift away from traditional pedagogies is in New Zealand, the 
context for this inquiry.  New Zealand began substantial curriculum reforms in 1991, when the science education system 
in New Zealand went through a massive redevelopment programme, with curriculum statements replacing syllabuses 
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(Ministry of Education [MoE], 1993).  The current curriculum provides a framework of learning of science for all 
students, and places strong emphasis on teaching approaches based on a learner centred and constructivist-based view of 
learning, which requires teachers to provide opportunities for a variety of learning experiences for science.   
Therefore, the focus in today’s science classrooms is finding ways to improve teaching and enhance learning outcomes 
through a variety of tools.  ISIs allows students to negotiate meaning and find answers to complex questions (Ash & 
Wells, 2006).  Also students engage in dialogues with each other and with ISI staff in multiple ways, and are provided 
with a variety of opportunities for sensory experiences that help students to develop a better understanding of the science 
taught in the classrooms and relate this to experiences around them (Ash, 2002).  There is however a growing body of 
literature on the value of inclusion of Web 2.0 Technologies such as Moodle in science classrooms, where students can 
enjoy some autonomy in these new digital spaces and take an active role in choosing what, where, how and with whom 
they learn without time and curriculum constraints.   
 
Research Aims 
This inquiry sought to examine the potential of an integrated online learning model to improve the learning of science 
during LEOS.  The motivation for the research was the literature reports that LEOS properly facilitated has the potential 
to stimulate curiosity among students and contribute to improved learning outcomes.  But in order to support and explore 
these collaborations, there is need for the use of support such as the Learning Management System (LMS), Moodle, 
through which we might stimulate learning in a variety of ways and develop a constructivist or learner-centered learning 
environment.  The overall aim of this work was to ascertain how the learning of science in out-of-school settings might 
be enhanced by the use of an integrated online learning model. 
 
Theoretical Framework 
This inquiry looks at the integration of students’ learning experience in classrooms and during LEOS, using a LMS, 
Moodle, to help enhance the learning outcomes in science.  Recent research points to a need to integrate LEOS with 
teaching programmes and use out-of-school activities to complement, not replace, learning activities in classrooms (Falk 
& Dierking, 2012; Rennie, 2007; Rennie & McClafferty, 1995).  Tofield et al. (2003) stress that there is often lack of 
teacher preparation, and Tal and Steiner (2006) assert that teachers mainly play a passive role during LEOS, such as 
managing student behaviour rather than actively mediating, encouraging and questioning students’ findings.  Anderson, 
Lucas, Ginns and Dierking, (2000) and Bolstad, (2001) report that in order to enhance learning outcomes from out-of-
school activities, teachers should plan accordingly, linking out-of-school visits to specific curriculum objectives, include 
some degree of choice, and linking these objectives directly to activities during the visit.  This stress on the importance of 
well-structured LEOS is supported by Orion and Hofstein (1994), who say strong links provide meaning to abstract 
science ideas studied in the classroom.   
 
For the past 30 years, there have been more than 400 national reports calling for fundamental changes in how we educate 
our children, particularly in mathematics and science (Hawley, 2002; Hurd, 1994; NRC, 1996).  These reports call for 
reforms aimed at developing scientific habits of mind or ways of thinking, by having students take a more active role in 
learning of science content that has current relevance.  So while it is important to engage in LEOS, it is equally important 
to establish environment where useful information is generated and intertextuality of multiple data sources are used to 
develop more meaningful and integrated knowledge (Knorr-Cetina, 1992; Roth, 1995; Spier-Dance, Mayer-Smith, Dance 
& Khan, 2005; Varelas & Pappas, 2006).  Social constructivism underpins the research of this inquiry.  Driscoll (2000) 
and Wertsch (1991) say that the social presence is a critical component of learning, together with, transactional distance 
and social affordance.  They argue that these three elements ‘conspire’ to create the right conditions for teaching and 
learning, and this can constructively align in a LMS. 
 
NML is then a theoretical framework that has been used to explore the participation opportunities made available through 
these emerging technologies, such as Web 2.0 Technologies.  NML are used for three key purposes, namely (1) 
accessibility to a variety to people and resources, (2) connectivity helps as a social tool to share information and ideas 
through the webbed structure and finally (3) multiple modalities for expanding the mediating practices which helped 
construct relationship (Gee, 2003; Hull & Schultz, 2002; Lankshear & Knobel, 2008; Leuhmann & Frink, 2012).  That is, 
the focus of NML is that knowledge is shared through collaboration and distributed expertise and authority.  Perhaps, an 
alternative could be to draw upon the best from both teaching face-to-face and e-learning, what is often referred to as 
blended learning.  This inquiry only considers affordances of one Web 2.0 Technologies namely wiki which is used in 
schools today. 
 
Methodology  
The methodology employed in this inquiry was a qualitative case study approach, where multiple interviews and 
observations were conducted over a considerable length of time (ca. 12 months).  This inquiry was intended to support 
science teachers of Year 11 students in a private religious secondary school and explore issues of intent, use, and 
perceived value of the use of Moodle, when taking learning outside school.  This inquiry explored the emerging wiki 
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affordances which use the Internet, and help in communication, collaboration and co-construction of knowledge in an 
informal learning environment.  Pre-visit preparation used wiki to encourage social interactions, develop familiarity with 
the tool and establish an e-community. The wiki pages were also used to introduce students to the topic, Astronomy.  It 
was an opportunity to identify student’s prior knowledge in this subject area, a key aspect of constructivism.  The 
classroom lessons continued to be used for formal learning, where students used text books and teacher guidance to 
develop a deeper understanding of this topic.  Data sources in this case included one year’s of students’ postings on wiki, 
interviews with the facilitating teachers, Head of Faculty (HoF), ISI staff and students’ assessment results.  Post-visit 
planning was intended to do the following: (1) encourage teachers’ in creating additional forms of participation and 
increase student exposure time with content; (2) wiki was used as pedagogical tools and in ways that likely afforded 
social benefits; and (3) encouraged both teachers and students to invest more time in communicating through this 
activity.  
The inquiry sought to provide insights on how to better plan for LEOS and integrate with classroom practice, using an 
integrated online learning model.  This paper discusses the third phase of a larger study which involved 65 Year 11 (15 
years old) students and 10 teachers.   

 
Research Findings 

 
Pre-Visit Observations: The visit to an ISI, Observatory (a pseudonym), involved pre- and post-visit planning which 
also included some free choice learning and induction to using wiki feature of Moodle.  The students were required to 
complete compulsory internal assessment at Level 1 Science, called AS90954: Lunar- Our Moon.  Semi-structured focus 
group interviews with students suggested that they appreciated going on visits outside the school which helped them see 
“real things” and “help enhance conceptual understanding of science learnt in class”.  Students’ wiki postings: 
 

Phases of the Moon 

From the Earth, we can only see the part of the moon that the sun illuminates because we see it at different angles as it 
rotates around the Earth. 
Also apparently the moon's cycle affects our emotions, mood and behaviour - I'm not sure whether that's a bit silly to add 

in!!  

Re the Earth's orbit around the Sun... 
The Earth is closest to the sun on January 3rd and this point in the Earth's orbit is called perihelion. 
The Earth is farthest away on July 4th and this point in the Earth's orbit is called aphelion. 

 
 
Interviews with teachers suggested that the internal assessment (AS90954), was not an easy topic to teach as well as the 
“students lacked enthusiasm in the former years, which negatively affected their results” (Teacher Interviews, 03 October 
2014).  Mixed abilities grouping and having a student leader ensured support for all members.  Students encouraged each 
other to bring resources from home and making the print friendly page of wiki compulsory maximised student online 
participation.  Teachers also adopted a blending learning classroom environment where students watched videos on 
Moodle followed by class discussions, and then made wiki postings which were moderated by their teachers.  
 
During the Visit: Interviewer: So what activity have you planned for them?  
Mr. Daniel (ISI Staff): The teachers want me to discuss the types of telescopes which are used to view celestial bodies. 
Also, they want me to show videos on the effect of moon on tides, as well as rotation and revolution of the Earth around 
the sun. I have also booked in the telescope room for them, where they will see and use a real telescope. We will use it to 
see the sun, so I have to put a filter in.  
Interviewer: So where would they be watching the video?   
Daniel:  Well, we have a classroom where I will also use Power Point, videos and role-play to help reinforce these 
concepts so they can retain information for their assessment task and it will also give them opportunity to ask me specific 
questions.  They also have hands-on activities to be done in groups as this will encourage more dialogue, between them 
and they could also ask me anything they need help in.  
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Post-visit Observations: Students’ wiki postings 
 

Printer-friendly version 
Phases of the moon 

From the Earth, we can only see the part of the moon that the sun illuminates because we see it at different angles as it 
rotates around the Earth. 
Also apparently the moon's cycle affects our emotions, mood and behaviour - I'm not sure whether that's a bit silly to add 

in!!  

Re the Earth's orbit around the Sun... 
The Earth is closest to the sun on January 3rd and this point in the Earth's orbit is called perihelion. 
The Earth is farthest away on July 4th and this point in the Earth's orbit is called aphelion. 

the moon moves across the sky about 15 degrees per night 
when the sun & the moon are on opposite sides of the earth, it is full moon. 

 There are eight (or nine) phases of the moon that are: 
1) New Moon - Dark, not visible 
2) Waxing Crescent  
3) First quarter - half moon 
4) Waxing gibbous 
5) Full moon - see whole circle 
6) Waning gibbous 
7) Third quarter - other half-moon opposite to the first quarter. 
8) Waning crescent 
Back to new moon is a full cycle. 
 
 
The student performance in the Table 1 given below shows a substantial improvement in their results.  The HoF 
attributed this to the integrated online learning model used for curriculum delivery.  She stated that "the notes and videos 
on their own are not as effective as when students hear from ISI staff and collaborate with each other what they had 
learnt" (Interview with Head of Faculty, 03 October 2014).  

 
Table 1. Summary of Assessment Results for *AS90954: Lunar- Our Moon, between 2013 and 2014. 

__________________________________________________________________________________ 
Year Not Achieved  Achieved  Achieved at Merit  Achieved at 

Excellence  
2014 0 13 35 52 
2013 20 7 43 30 

________________________________________________________________________________________ 
* AS90954: Is an internal assessment which helps to measure the achievement objectives as outlined in an achievement 
standard for Astronomy - a contextual strand called Making Sense of Planet Earth and Beyond. 
 
Discussion  
The New Zealand Curriculum recommends that teachers create learning environments, where there is a learning 
partnership through learning conversations (Ministry of Education [MoE], 2007).  This inquiry adopted these 
recommendations by engaging in LEOS and facilitating learning using the wiki feature on Moodle.  A change in 
pedagogical approach was needed to help integrate learning, in order to enhance the learning outcomes in science during 
LEOS.  The findings from this inquiry are consistent with those of other studies involving LMS to afford new forms of 
participation.  Moodle, used as a cognitive tool also has a positive effect on the affective domain.  The teachers were 
keen to diversify their teaching approaches in order to improve students’ achievement rates for this achievement standard 
which was not satisfactory in the last two years.  The students were motivated about visiting an ISI, the Observatory, 
getting opportunities for some free choice learning, and being able to collaborate digitally within groups, before and after 
the visit.  That is, they were aware of their purpose for engagement during LEOS, accessed multimodal resources, and 
shared their findings via wiki.  These finding take into consideration some concerns shared by Gee (2003, 2004) on 
factors which may inhibit the affordances of digital technologies getting translated into classrooms.  However, the results 
are consistent with those of Annetta, Murray, Laird, Bohr and Park, (2008) and Leander (2007) who state that teacher 
attitude and belief, promotes social affordances, allowing students to assume new roles and provide autonomy in the co-
construction of knowledge.   
A key outcome of this inquiry is the multimodality feature of Web 2.0 Technologies, and using them in productive ways, 
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which supports the constructivist style of learning (Downes, 2005).  It offers a unique platform along with a number of 
features, a focus of NML framework, where knowledge is shared through collaboration and distributed expertise and 
authority (O’Neill, Wagner & Gomez, 1996).  Moodle was used by teachers as well as peers to create social presence, 
reduce transactional distance where students shared learning in a way which was dialogic, and promote social 
affordances via e-moderating.  Information in text and graphical formats resided in the virtual space, which was accessed 
by students to create their own texts and make postings on the wiki site either supporting or adding a different view point.  
This act of multi-mediating, that is making intertextual links helps students to map information by drawing inferences 
from multiple sources and re-contextualising them to make meaning, which is shared by the group (Gernsbacher, 1990; 
Hayes-Roth & Thorndyke, 1979).  Doneman (1997) and Lankshear and Knobel (2003) state that it is not the final product 
which students write, but the process adopted in producing it that is important.  There is then considerable commonality 
between the present data and with the findings of Gernsbacher (1990), Hayes-Roth and Thorndyke (1977, 1979) who 
observe that integration of information is a cognitive process, where intertextuality of information enables high order 
thinking.   
 
While majority of the studies in the literature, caution that intertextual integration does not happen to the degree that we 
would like, findings reported here are different from those reported by Hartman (1995), Van Meter (2001), Van Meter 
and Garner (2005), Tabachneck-Schijf and Simon (1998) and Thesen (2001).  This different finding could be due to the 
fact that the present study involved students who expressed widespread appreciation for having opportunities to help co-
construct knowledge within their group using multiple sources.  Another feature which enabled intertextual integration 
was the use of mixed ability groups where students shared their interpretations using multimodal resources.  It is 
important to note that the need to collect as much information on the ‘print-friendly sheet’ of wiki in order to write the 
final assessment report was a catalyst for such active online collaboration.  Also, using blended classes as compared to 
traditional ones or only online, seemed to have a positive influence on students’ attitude.  They felt supported and 
reassured, which helped them to remain focussed.  This was somewhat different to the findings reported by Fjermested, 
Hiltz and Zhang (2005), who reported mixed results when students only collaborated online.  The data from this phase of 
inquiry revealed that a blended learning environment fostered better learning outcomes, as showed by student assessment 
results in Table 1.  
 
Conclusion 
It can be concluded that LEOS helps provide context for learning where students learn via social negotiations.  However, 
students learning outcomes can be improved by adequately preparing for both pre- and post-visit activities, which have 
strong curriculum links, having enthusiastic ISI staff, including some free choice and integrating learning using Moodle.  
There are only few studies reported in the research literature which measure the impact of LMS, like Moodle, a Web 2.0 
Technologies, on student learning outcomes (Coates, James & Baldwin, 2005; DeNeui & Dodge, 2006).  This inquiry, 
however, effectively integrated the three key features for teaching and learning via LMS, which are social presence, 
transactional distance, and social affordances, which were based on constructivist teaching principles, helped motivate 
students, and linked their findings to the real world.  The results evidenced an improvement in students’ performance 
outcome in the achievement standard (AS90954).  It must be noted, however, that these outcomes are strongly dependent 
on the multi-faceted roles played by teachers and students.  
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Abstract: Strategically, both learners and educational institutions have shifted their focus in learning modes to include 
blended methods of delivery including online, distance and mobile learning programmes.  Students of today expect to be 
able to continue studying even if they cannot attend a classroom setting, and the use of mobile devices provides the key 
benefit of allowing for learning to take place anywhere and anytime.  With these evolving learning environments, it is 
essential to assess the quality and potential impacts that an environment such as mobile learning has on student learning 
and their associated experiences.  Often, a successful learning environment is measured on the number of successful 
academic outcomes that are achieved, and while this is an important measure it does not provide a holistic overview of 
students’ learning experiences and their perceptions of the quality of their learning environment. Recently, a study was 
conducted at a New Zealand tertiary institution using mobile phones to deliver supplementary learning material, 
assessment reminders, and study tips to tertiary students.  This paper will describe some of the results of this study which 
investigated if there were any differences in attitudes to the use of mobile technologies between genders and different age 
groups.  The gender results showed that males displayed higher levels of confidence and interest in computing and 
technology, with age results indicating that the younger age groups had a more positive attitude and perceptions around 
the use of mobile technologies. 
 
Keywords:  Learning Environments, Mobile Learning, Attitudes, Gender, Age. 
 
 
INTRODUCTION 

A main driving force behind change in education is a desire to improve productivity and efficiency in relation to 
teaching and learning and increase access to learning.  The potential for this change is driven by both technology and the 
learners themselves.  It has become increasingly important during these processes of change that institutions engage with 
learners to understand their perceptions and perspectives, in order to gauge whether wants and needs are being met.   

Many of today’s learners are digital natives, constantly surrounded by and immersed in technology and fluent in 
all things digital. Prensky (2001) refers to these new generations of learners as speakers of the digital language of 
computers, mobile phones, the internet and other associated technologies.  It is important that as educators, these digital 
technologies are integrated into meaningful learning scenarios in order to engage and challenge these learners (Duncan-
Howell & Lee, 2007).  Tertiary education practitioners are realising that integrating technology into programme delivery 
is an essential method of engaging and interacting with today’s learners.  In particular, the integration of mobile 
technologies enables students and teachers to more easily share information and co-ordinate projects and ideas in less 
formal ways than in the past.  Utilising mobile technologies in the classroom environment moves the delivery from 
teacher-centred to student-centred allowing the student to more readily participate in personalising or taking part in 
cooperative learning (Liu, 2007). 

Effective learning environments also need to incorporate and understand the values, needs, attitudes and 
perceptions of today’s learners and generational age groups, and these must be considered when assessing the viability of 
the application of a new teaching tool or methodology.  Along with age, any differentiation that may exist between how 
males and females learn is an important aspect to consider in a learning environment.  It is of interest to discover if 
gender is associated with attitudinal differences towards their learning environments and what, if any differences exist 
between males and females.   
 
BACKGROUND 

As learning needs and processes change, it is important to provide both lecturers and institutions with an insight 
into what perceptions might be in relation to new learning environments.  The field of learning environment research, 
which started around 30 years ago, has seen the emergence of a variety of valid and widely-applicable instruments which 
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can be used to assess student and teacher perceptions of learning environments.  This field of research has undergone 
tremendous growth and diversification over the last 30 years with most studies now including both qualitative and 
quantitative methods instead of the original forms which focused on the practice of gathering either quantitative or 
qualitative data only, rather than a combination of both (Fraser, 2003).     

Over the years, many of these original instruments have been progressively refined and modified to suit new 
emerging learning environments, and with the growing integration of information communications technology (ICT) into 
many educational settings, it is important that the effectiveness of such technology-rich environments are evaluated and 
assessed.  From a review of this learning environment literature, there did not appear to have been any studies using an 
existing instrument to assess the impact that mobile technologies might have on the learning environment.  A conclusion 
was made that it was necessary to develop a learning environment instrument appropriate for this study. The Technology-
Rich Outcomes-Focused Learning Environment Inventory (TROFLEI) (Aldridge, Fraser, and Fisher 2003), and the Web-
based Learning Environment Instrument (WEBLEI) (Chang and Fisher 2003) were two instruments that were identified 
by the author as having potential, with modification, for application in this study.   

The development of the Technology-Rich Outcomes-Focused Learning Environment Inventory (TROFLEI) by 
Aldridge, Fraser, and Fisher (2003) drew on the What is Happening in this Class (WIHIC) questionnaire.  The 
development and validation of this instrument was considered important as it was seen as a “widely-applicable and 
distinctive questionnaire for assessing students’ perceptions of their actual and preferred classroom learning 
environments in outcomes-focused, technology-rich classroom learning settings” (Aldridge, Fraser & Fisher, 2003, p. 
175). The TROFLEI measures 10 dimensions of the actual and preferred classroom environments at high school level: 
student cohesiveness, teacher support, involvement, investigation, task orientation, cooperation, equity, differentiation, 
computer usage and young adult ethos (Aldridge, Fraser, & Fisher, 2003).  The attitudinal scales were the only items 
used from this learning environment instrument in the development of the MOBLEI.   

The Web-based Learning Environment Instrument (WEBLEI) was developed by Chang and Fisher (2003) to 
gather quantitative data on students’ perceptions of their web-based learning environment in a tertiary environment.  The 
WEBLEI uses four scales to measure students’ perceptions: Access, Interaction, Response and Results.  Chang and 
Fisher’s (2003) study found the instrument to have factorial validity, acceptable reliability and discriminant validity from 
a statistical perspective.   

The development of the learning environment instrument for use in this study was the Mobile Enhanced Learning 
Environment Instrument (MOBLEI) which was based on the modified versions of the WEBLEI (Chandra & Fisher, 
2006; Chard, 2006).  Scale items were assessed for relevance to the mobile learning environment and changed 
accordingly to fit.  Attitudinal scales were included and modified based on the scales used in TROFLEI.   
 
METHODOLOGY 

The purpose of this study was to investigate how the learning environment can be enhanced through the use of 
mobile technologies in order to enrich the student learning experience.  The overall objective was to trial the mobile 
device to targeted student groups and to modify, validate and apply an existing learning environment instrument in order 
to assess any differences between ‘actual’ and ‘preferred’ students’ perceptions and attitudes towards the use of mobile 
devices, and if these perceptions and attitudes differ based on age and gender.  Only the results of the attitudinal 
differences are presented in this paper.   

Quantitative data were gathered using the MOBLEI to aid in assessing if this modified learning environment 
instrument was a valid and reliable tool for use in a New Zealand tertiary environment.  The instrument was then used to 
assess what sort of learning environment is created through the use of mobile technologies and if the learning 
environment is enhanced along with assessing students’ attitudes towards their course, technology and self-efficacy.  
Differences between actual and preferred perceptions of different age groups and gender were also gathered through the 
use of the validated MOBLEI.   
 
Attitudinal Scales 

In order to investigate the associations between the learning environment and student outcomes, three attitudinal 
scales were also included in the MOBLEI and modified based on the scales used in TROFLEI.  These scales were used to 
address the research questions around what the attitudes of students were toward their classes in which mobile 
technology was used, and to assess if there were any differences in attitudes between different age groups and gender.  
The three modified scales were Attitude to Course, Attitude to Technology and Student Self Efficacy.  As can be seen in 
Table 1 modifications were made to the TROFLEI attitudinal scales including changes to the scale headings “Attitude to 
Subject”; to “Attitude to Course”, and “Attitude to Computers” to “Attitude to Technology”.  These changes were made, 
firstly from the wording “Subject”; to “Course” as students were not necessarily doing just one subject in relation to 
mobile learning but could be across a number of courses, and secondly, “Computers” was changed to “Technology” to 
better reflect the fact that students were not just using computers but additional technologies.     
 

Table 1. Modified TROFLEI Attitudinal Scales and Items 
Attitudinal Scales – TROFLEI Attitudinal Scales – MOBLEI 
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Attitude to Subject Attitude to Course 
1. I look forward to lessons in this subject 1. I look forward to learning in this course 
2. Lessons in this subject are fun 2. This course is fun 
3. I dislike lessons in this subject 3. I dislike the content of this course  
4. Lessons in this subject bore me 4. This course bores me 
5. This subject is one of the most interesting 

school subjects 
5. This course contains some of the most 

interesting work 
6. I enjoy lessons in this subject 6. I enjoy this course 
7. Lessons in this subject are a waste of time 7. Topics in this course are a waste of time 
8. These lessons make me interested in this 

subject 
8. The topics covered make me interested in this 

course 
Attitude to Computers Attitude to Technology
9. I’m good with computers 9. I’m good with technology 
10. I like working with computers 10. I like working with technology 
11. Working with computers makes me nervous 11. Working with technology makes me nervous 
12. I am comfortable trying new software on the 

computer 
12. I am comfortable trying new technologies 

13. Working with computers is stimulating 13. Working with technology is stimulating 
14. I get a sinking feeling when I think of using a 

computer 
14. I get a sinking feeling when I think of using 

technology 
15. I do as little work as possible using a 

computer 
15. I do as little work as possible using 

technology 
16. I feel comfortable using a computer 16. I feel comfortable using technology 
Student Self Efficacy Student Self Efficacy
17. I find it easy to get good grades in this 

subject 
17. I find it easy to get good marks in this course 

18. I am good at this subject 18. I am good at this course 
19. My friends ask me for help in this subject 19. My friends ask me for help on in this course 
20. I fid this subject easy 20. I find this course easy 
21. I outdo most of my classmates in this subject 21. I outdo most of my classmates in this course 
22. I have to work hard to pass this subject 22. I have to work hard to pass subjects in this 

course 
23. I am an intelligent student 23. I am an intelligent student 
24. I help my friends with their homework in this 

subject 
24. I help friends with subjects on this course 

 
RESULTS AND DISCUSSION 
Gender and ICT 

Much of the literature on gender and ICT speaks of gender having little impact on capabilities of skills but it does 
speak of a difference in levels of interest.  Females perceive technology as less interesting than males, and prefer to use it 
as a tool rather than pursue a career in the industry, and that comfort levels with computers is much higher for men than 
for women (Bain & Rice, 2007).  Studies have shown that women like using computers, they just use them differently to 
males (Bain & Rice, 2007).  Shashaani (1994) suggests that the basis of gender differences in attitudes toward computing 
was mostly based on social and cultural influences rather than having any connection with innate ability.   Her findings 
indicated that there were significant gender differences in computer interest, computer confidence and gender-
stereotyped perceptions, all swaying toward male dominance.  Her data also revealed that there was a strong correlation 
between positive parental encouragement and the participation of both male and female children in computing studies at 
school.  Children who reported that parents had shown positive attitudes to computing and IT related fields, felt more 
confident and interested in computing in general.   

Martin (2002) suggests that parents in New Zealand tend to push boys and not girls toward technology, and that 
often computing is considered a masculine subject.  He believes that as boys get older they generally become more 
confident and interested in technology, while girls often become less so.  Teague and Clarke (1995) support this view, 
stating that even though computers are widely available in the workplace, schools and home, statistics show that 
computing still appeals more to males than to females.  They discuss studies of abilities that demonstrate there are no 
gender differences in computing ability or achievement, and that when females do participate in computing programmes 
they perform just as well as their male counterparts.  They believe that differences in gender participation and interest in 
computing arises directly from the way computing is offered in schools and that this facilitates the development of 
gender oriented perceptions in relation to computing.   
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Table 2. Attitudinal Scale Means and Standard Deviations for Gender Differences 

Scale  Mean  SD F Value 

Male 

 

Female Male

 

Female

AttToCourse 

 

3.89 

 

3.97

 

0.68

 

0.49

 

11.16** 

AttToTechnology  3.82  3.59 0.60 0.45 5.38* 

Table 3. Attitudinal Scale Means and Standard Deviations for Age Differences

Scale  Age n Means SD F 

Value 

Post 

Hoc 

AttToCourse 

 

20 & 

Under 

21‐25 

26‐30 

31‐35 

36 & 

Over 

49

37 

11 

11 

33 

3.92

3.81 

3.70 

3.80 

4.18 

0.63

0.62 

0.40 

0.63 

0.51 

2.47

AttToTechnology 

 

20 & 

Under 

21‐25 

26‐30 

31‐35 

36 & 

Over 

 

49

37 

11 

11 

33 

4.22

4.10 

4.17 

3.99 

3.69 

0.63

0.68 

0.57 

0.63 

0.65 

3.59* 20 & 

Under 

>36 & 

Over 

To assess any attitudinal differences, the means and standard deviations again were analysed, along with a one-
way analysis of variance (ANOVA) to determine whether there were significant differences in attitudes of students 
according to their gender.  These results are shown in Table 2 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The female mean responses to the Attitude to Course scale items were higher than males, with the male mean response 
higher than females for Attitude to Technology.  Student Self-Efficacy results did not show the mean results as 
statistically significant, however, with males having higher scores for attitude to technology, this appeared to result in 
higher scores for self-efficacy for males.  Literature reviewed previously around differences in males and females’ 
attitudes to technology support these findings with research often indicating that males are more confident and interested 
in using technology.   
 
Age Groups 
To assess any age attitudinal differences, means and standard deviations were analysed, along with a one-way analysis of 
variance (ANOVA) to determine whether there were significant differences in attitudes of students according to their age 
group.   
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With the mean scores showing a statistical significant difference for the Attitude to Technology scale, post hoc tests were 
carried to determine between the age groups the difference occurred.  This post-hoc analysis showed that the difference 
occurred between the 20 and under age group and the 36 and over age group with the 20 and under age groups having 
more positive attitudes toward the use of mobile technologies.     
The 36 and over age group fit into the Baby Boomer/Generation X generational group, with the under 20 age groups 
fitting into the Generation Y or Millennials generational group.  The results above which indicate that the under 20 age 
group have a more positive attitude to technology is not surprising as they have grown up immersed with technology as 
digital natives, unlike the Baby Boomers and Generation X who are digital immigrants.     
 
CONCLUSIONS 

Through the use of the MOBLEI, considerable insight into the mobile learning environment and students’ 
attitudes was obtained.  The gender results showed that males displayed higher levels of confidence and interest in 
computing and technology, with age results indicating that the younger age groups had a more positive attitude and 
perceptions around the use of mobile technologies.  Practitioners need to be aware of differences in the classroom 
including gender and age groups and to be sensitive to these different groups, offering not just mobile technology options 
but integrating the use of these tools into their teaching alongside other delivery methods to ensure they are reaching and 
engaging all learners.  This research study contributes in providing evidence and more confidence for educators on the 
benefits of using mobile technologies and assists in providing an insight into how the learning experience can be enriched 
through the use of mobile technologies.  It is concluded that all students who participated in this study regardless of age 
or gender found mobile technologies supported and enhanced their learning, resulting in them being more satisfied and 
motivated with their learning environment.   
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Abstract: This study investigated the effect of model-drawing method on students’ representational fluency in Algebra 
within the context of translating mathematical word problems to algebraic equations in one variable. It employed 
quantitative and qualitative methods of data gathering. Model-drawing in constructing algebraic equations was taught to 
a class of Grade 7 students over 11 sessions using a researcher-developed instructional material.  Students’ 
representational fluency was assessed through a 10-item task comprising multiplicative-comparison and part-whole type 
of problems. The Three-Phase Ranking Framework Using Multiple Representations of Panasuk (2011) was adapted in 
evaluating students’ representational fluency. Analysis of students’ answers indicated increases in students’ phases of 
representational fluency from the pre- to post-assessments. In the pre-assessment, 65.7% of the students belonged to 
Phase 0 (no indication of representational fluency), 34.3% belonged to Phase 1 (transitional) and none of the students 
belonged to Phase 2 (representational fluency phase). In the post-assessment, no student belonged to Phase 0, while 
51.4% and 48.6% belonged to Phase 1 and Phase 2, respectively. The Wilcoxon Signed Rank Test indicated a significant 
difference in the students’ phases of representational fluency between the pre-and post-assessments (p < 0.05). Written 
responses also indicated 86.71% of correct model-drawings would lead to correct equations; while 81.22% of incorrect 
model-drawings would lead to incorrect equations. Interviews and observational notes were utilized for triangulation of 
findings. The study showed that integrating model-drawing method in the first few episodes of Basic Algebra lesson, 
particularly in translating word problems to equations, developed students’ representational fluency in Algebra. 
 
Keywords: Algebra, Model-drawing, Representational Fluency, Word Problems 
 
 
INTRODUCTION 
 
 Developing representation skills among students is a critical component in acquiring successful solution in 
problem solving (Heinze, Star, & Verschaffel, 2009; Hwang, Chen, Dung, & Yang, 2007). It is in this claim that 
representation has become one of the foci in mathematics education reforms. The Philippine K to 12 Mathematics 
Education Curriculum, for instance, has explicitly acknowledged the importance of representing, visualizing, modelling 
and understanding as processes in the development of a 21st century Filipino citizen (Philippine Department of 
Education, 2012). In the international arena, the National Council of Teachers of Mathematics (2000) of the United 
States calls for all students to: (1) create and use representations to organize, record, and communicate mathematical 
ideas; (2) select, apply, and translate among mathematical representations to solve problems; and (3) use 
representation(s) to model and interpret physical, social, and mathematical phenomena. 
 The concept of representation as a skill has been taken with different terminologies among scholars. Pape and 
Tchoshanov (2001) center the idea on the interconnectedness of internal and external representations termed as 
representational thinking; Suh and Moyer (2009) deal more on the translation of multiple modes of representations as 
representational fluency; while Graham, Pfannkuch and Thomas (2009) emphasize the transformation of representations 
in a specified concept as representational versatility. However different, their concepts of representation convene on the 
idea pertaining to the ability to seamlessly translate, switch and operate between and among multiple modes of 
representations. For the purpose of clarity, the ability defined signifies representational fluency, which will be used 
throughout this paper. 

Facility to switch between different modes of representation prepares the students for algebraic thinking. 
Introducing algebraic thinking to students who are used to arithmetic thinking is a well-documented challenge for 
teachers in Basic Algebra classes. On the first-hand experience of Algebra as a lesson, teachers can anchor on its 
practical uses that are explicitly described in mathematical problems. Adapting the definition from Van Garderen and 
Montague (2003), mathematical problems are problem sets in realistic contexts that require understanding, analysis and 
interpretation to come with strategies and decisions that lead to logical solutions. However, inadequate instructional 
package, specifically those that do not encourage algebraic thinking, opens a venue for students to stick to what they are 
used to – arithmetic way of solving problems using heuristic strategies. Heuristic strategies are set of problem-solving 
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approaches that the students can use to solve both arithmetic and algebraic mathematical problems (Kaur and Yeap, 
2009). Due to its abstract nature, Algebra has become a meaningless use of variables paired with the feeling of 
helplessness and despair (Fitzsimon, 2002). 

Advocates of Cognitivism point to the theory that reduction of cognitive load lessens the level of abstraction of 
a specific concept or problem. One such reduction of cognitive load is for the students to represent the structural 
relationship in the problem into concrete visualization using models or diagrams.  The use of models to visualize problem 
structure is prevalent in Singapore Mathematics education. It is one of the strong areas of their Mathematics curriculum 
pointed by Hoven and Garelick (2007) why they consistently fare best in the international assessments. The mastery that 
their grade school students exhibit in problem solving using the most appropriate heuristic strategies paves way in a 
smoother acquisition of algebraic thinking (Hoven and Garelick, 2007). 

Model-drawing method is one of the heuristic strategies closely related to the algebraic method of solving word 
problems in Algebra. In model-drawing method, the students construct “pictorial models, namely the part-whole model 
and the comparison model, to help them visualize abstract mathematical relationships and various problem structures 
through pictorial representations” (Kho, 2009, p.393). 

Yet, the introduction of this strategy to the classroom presents a challenge to secondary mathematics teachers. 
One concern noted that heuristic strategies such as model-drawing method open a venue for students to resort to such 
method when encountered by mathematical problems that asked for an algebraic solution (Garelick, 2010; SingTeach, 
2009). Ng (2003) found out in her study that there is a need to offer introductory classes that link student’s efficacy in 
modeling and their knowledge in Algebra by constructing parallel representations of the problem. The adaption of this 
strategy in the context of Philippine education invites the researcher to look into its effect in the development of 
representational fluency among secondary students – particularly on how it can set the stage to the development of 
algebraic reasoning and conceptual understanding through representation. This paper defines effect as the positive 
change or improvement in students’ representational fluency in representing mathematical word problems to algebraic 
equations using model-drawing method. Thus, in the light of the Philippine K to 12 education reform in Mathematics, 
this study intends to contribute towards the development of problem-solving skills as a goal in mathematics teaching 
through improving students’ representational fluency in translating mathematical problems to algebraic equation. 
 
Statement of the Problem 

This study investigated the effect of model-drawing method on students’ representational fluency in translating 
mathematical word problems to algebraic equations in one variable. Specifically, this study sought to answer the 
following questions: 

1. What phase of representational fluency do the students belong in representing word problems to algebraic 
equations in one variable during pre and post assessments? 

2. Is there a significant difference between pre and post assessments in the phases of representational fluency of 
students in representing word problems to algebraic equations in one variable using the model drawing method? 

3. Does correctness of model-drawing lead to correct translation of the problem to algebraic equation? 
 
Theories on the Role of Multiple Representations in Mathematics Education.  

Students who just had a first-hand experience of Algebra tend to think “concretely” than think symbolically. The 
students’ inclination to thinking concretely and the facility to developing representational fluency in symbols have to 
converge. Thus, it is important that the level of abstraction of an algebraic concept be reduced to fit the students’ level of 
comprehension and in the long run develop students’ representational fluency in Algebra. Representation is a link 
between the mind and the physical world. Jerome S. Bruner’s phases of intellectual development, for example, define 
representation as a consequence of the cognitive process elaborated by Jean Piaget. According to Bruner, cognitive 
process is influenced by the three modes we use to represent the world: the enactive, iconic and symbolic modes. 
Enactive mode is usually evident when we are young that “we are motivated to perceive things that we can manipulate 
physically via our overt hands-on experiences” (Tan, Parsons, Hinson & Sardo-Brown, 2003, pp.252-253). During school 
age, learners perceive things that are tied less to physical manipulation but are still connected with the physical 
environment. The use of pictures, visual aids and memories of familiar experiences describes the iconic mode. While in 
the symbolic mode which happens in early adolescence to adulthood, learners are able to understand abstract concepts 
without any physical manipulation or concrete visual representation. 

Adapted from Bruner’s modes of representations, Lesh (1979) suggests five interactive representational 
systems. The five representations are real-world situations, manipulative aids, spoken symbols, pictures and written 
symbols. It is important to note that these representational systems are interrelated to each other and not necessarily be 
linear (Pape & Tchoshanov, 2001). The interrelationship of these representational systems takes into account the role 
played by mental abstraction. As discussed by Goldin and Kaput (1996), representational systems can be external and 
internal. External representational systems are those that are observable. In this discussion, the five representational 
systems suggested by Lesh are external representations. Internal representational system, on the other hand, are mental 
abstractions that take place within the mind and can only be translated through external representation. Representation 
therefore “refers to the act of externalizing internal, mental abstraction” (Pape & Tchoshanov, 2001, p.119). 
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Reducing Levels of Abstraction Using Multiple Representation.  

 
Abstraction happens frequently in mathematics learning as students transform their perceptions to mental images.  

Panasuk, (2011, p.221) defines abstraction as “a mental action that separates a property or characteristic of an object 
from the object to which it belongs or is linked to and forms a cognitive image or an abstraction of the object.”  The 
theoretical framework of Hazzan (1999) indicates that when learners are unable to grasp the concepts at the level they are 
presented, the students reduce the level of abstraction, or cognitive load, so as to make these concepts mentally 
accessible. Fluency in translating these representations to different modes of external representation helps students see 
the structure of the problem (Rosengrant, Etkina, & Van Heuvelen, 2007). Among the five external representations, 
spoken symbols, pictures and written symbols are more abstract in nature compared to the rest (Hwang, Chen, Dung, & 
Yang, 2007). In mathematics context, mathematical word problems form part of spoken symbols, while algebraic 
equations are written symbols. Empirical evidences agree on the utilization of schematic diagrams or pictures to aid 
students in problem solving (Marchese 2009; Moseley and Brenner, 2009; Suh and Moyer, 2007; Van Garderen and 
Montague, 2003). Diagrams in the form of model-drawings are well utilized as problem solving strategies in elementary 
education. In model-drawing method, the students construct pictorial models to help them visualize abstract 
mathematical relationships and problem structures through pictorial representations (Kho, 2009). This problem solving 
strategy sets the stage to students’ algebraic thinking (Hoven and Garelick, 2007). To certain continuity of learning, Kho 
(2009) proposes a learning activity that integrates model-drawing in algebraic problem solving. The activity starts by 
constructing models from the problem given. From these models, blocks are assigned with variables and equations are 
constructed. The equations are then solved for the variables. Since correctness of representation is critical to successful 
problem-solving, the activity is adopted but only until the representation part. Figure 1 describes how modes of 
representation are switched from linguistic abstraction to pictorial to symbolic. 

 
Figure 1. Transition of representations from model-drawing (pictorial) to algebraic (symbolic) equation 

 
Taxonomy of Students’ Representational Fluency.  

 
The taxonomy suggested by Panasuk (2011) is a three-phase ranking framework that provides descriptors as to 

what phase of representational fluency according to the students’ constructed representation. Three key ideas serve as a 
foundation of the taxonomy: (1) the role of multiple representations in probing understanding of mathematics learning, 
with particular focus on interpretation, connection and translation among representations of structurally the same 
relationship; (2) the idea of adaptation to abstraction and the development of conceptual understanding as a process of 
growth of the degree of abstraction; and, (3) the idea of reducing the level of abstraction as a mental process of coping 
with abstraction level of a given concept or tasks. The phases together with their descriptors are adapted for use and are 
indicated below: 

Phases  Description/Indicators 
0 No signs of representational fluency; prefers numerical instantiations; scribbles without direct 

relation to solving the problem; blank or no answer 
1 Transitional phase; solves problems without using instantiations; uses diagrams/symbols that 

may structurally represent the problems; wrong answers but shows solutions indicative of 
representing the problem using pictorial representations 

2  Representational fluency phase; gives correct algebraic equations 
 

There are 50 children in a dance group. If there are 10 
more boys than girls, how many girls are there? 

( 10) 50x x  

Mathematical Word Problem: 

Model-drawing: 

Algebraic Equation: 
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CONCEPTUAL FRAMEWORK 
 Representation skill is a critical factor in successful problem solving. Developing this skill entails developing 
representational fluency among modes of external representation in Algebra. The conceptual framework given below in 
Figure 2 shows the interrelatedness of concepts in multiple modes of external representation and phases of 
representational fluency. 

 
Figure 2. The Conceptual Framework of the Study 

  
In Algebra, students’ ability to interpret and translate linguistic abstractions to different modes of external representations 
indicates a particular phase of representational fluency. At phase 0, a word problem provides linguistic abstraction to 
which the student should be able comprehend. Inability to comprehend is manifested by students’ inability to rephrase 
and identify relationship of quantities. Comprehension exists if the students are able to concretely visualize or model this 
relationship using pictorial representations. This indicates phase 1 of representational fluency. The model-drawing 
method serves as an interventional phase that provides a smoother transition of representing linguistic abstraction to 
algebraic equation. Phase 2 of representational fluency involves students’ ability to use and represent this concrete 
visualization of relationship into an abstract form of representation, that is, through symbols. Structurally the same 
relationship means that algebraic equation constructed represents the construct of the word problem given. 
Representational fluency of students is exhibited by their ability to translate word problems to model-drawings, and then 
use these pictorial representations to create symbolic representations as algebraic equations. Such fluency in translating 
word problems to equations indicates development in students’ representation skills. 
 
RESEARCH METHODOLOGY 

This is a case study which investigated the development of students’ representational fluency through a 
researcher-developed interventional material on using model-drawing method in translating mathematical problems to 
algebraic equations in one variable. It uses mixed method research design which comprises the use of quantitative and 
qualitative methods to answer the research questions. The quantitative aspect of the study includes assigning phases that 
are particular to the students’ performance in the pre-and post-assessments and comparing these phases using a statistical 
test. The qualitative aspect, on the other hand, deals on in-depth descriptions of students’ phases of representational 
fluency after the intervention. Interviews of students purposively selected give insight as to how well the students have 
manifested representational fluency. The study was conducted at a private institution in Mandaue City, Cebu, Philippines 
that follows the general mathematics curriculum for Filipino students.  
 
Participants. An intact heterogeneous group of Grade 7 students (n=35) received the intervention. The researcher chose 
one teacher-implementer of the instructional intervention based on the recommendation of the Mathematics subject area 
coordinator of the participating school. The teacher-implementer had attended seminars on using model-drawing method 
in solving problems in the elementary level. Prior to the implementation, the teacher-implementer had undergone a 
comprehensive orientation and demonstration of lessons indicated in the instructional package. 
 
Instruments. This section outlines the instruments used to collect data and how these data are treated. 
Pre- and Post-Assessments. A researcher-made assessment on translating mathematical word problems to algebraic 
equations was comprised of ten multiplicative-comparison and part-whole type of problems. The constructs of the items 
in the assessment were taken from the mathematical word problems of Yeo, Seng, Yee, & Chow (2008). Revisions of the 
actual items included contextualization of terms such as names and units of currency. Content validity of the test was 
established through a review and validation by (1) a Grade 7 Mathematics teacher, (2) a high school Mathematics subject 
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area coordinator and (3) a Mathematics education professor and researcher. A holistic rubric based from the taxonomy of 
Panasuk (2011) was used in rating each item. In identifying a student’s phase, the mode of these phases among all the ten 
items in the assessment identifies the student’s overall phase of representational fluency. Bimodal data is settled by 
giving confirmatory three-item test to re-evaluate student’s phase. A frequency distribution table indicating the phase of 
representational fluency that the students belong in the pre- and post-assessments was constructed. The Wilcoxon Signed 
Rank Test was used to identify if there was a significant difference in the phases of representational fluency of students 
in the pre-and post-assessment. 
 
Interview Questions. The researcher-made interview questions that follow the structure of interrogation in the study of 
Panasuk (2011) and Bautista, Mulligan and Mitchelmore (2009) provided answers as to which phase of the taxonomy the 
students belong and whether such fluency was in agreement with the students’ phase of representational fluency in the 
pre- and post-assessment. The first part of the interview uses the Social Validity Survey of Mahoney (2012). The survey 
asked the students to give the degree of their agreement or disagreement to the given statement. The questions inquire 
students’ difficulty in model-drawing and their appreciation on using the model in answering the problem. The survey 
was mainly used as a springboard for discussion. The second part of the interview deals on verifying students’ 
representational fluency. There were two problems given and each problem contains a pre-made model-drawing and an 
algebraic equation. The students were then asked to identify whether the pre-made model-drawing and algebraic equation 
are representations of the problem given. 

The framework in probing students’ understanding by Bautista, Mulligan and Mitchelmore (2009) and Panasuk 
(2011) was primarily used in the treatment of students’ responses. Answers from the interviews of selected students 
served as both verifiers and probers of students’ understanding of representation. Students’ answers in their work 
samples were verified as interview questions made follow-up of how well-versed these students were in their 
understanding of the concept. Interview responses from the selected students served as supporting details in the analysis 
of their individual cases for pre- and post-assessments. 
 
Students’ Work Samples from Work Texts. The work text was collected at the end of the study for analysis of students’ 
work samples. Solution attempts of students provided answers whether the model-drawing method aided the students in 
the construction of algebraic equations. Students’ work samples provided ideas as to how these students make progress in 
developing their representational fluency. Solution attempts, incorrect and correct representations provided idea whether 
correct interpretation of word problems as models were drawn would give way to an equally structured algebraic 
equation. Students’ phase of representational fluency and algebraic reasoning were made clearer from these work 
samples. 
 
RESULTS AND DISCUSSION 
Students’ Representational Fluency during Pre- and Post-Assessments.  

Table 1 shows the number of students who belong to Phase 0, Phase 1 and Phase 2 for both pre- and post-
assessments. 

Table 1. Students’ Phases of Representational Fluency in Algebra 

Phases 
Pre  Post 

no. %  no. % 

0 (no indication) 23 65.7  0 0 

1 (transitional) 12 34.3  18 51.4 

2 (fluent) 0 0  17 48.6 

Total 35 100.0  35 100.0 

 
 It is essential to point that students who belong to the same phase may exhibit differing numbers of phases in 
each of the items in the pre- and post-assessments. Two or more students may have the same mode representing their 
overall phase of representational fluency though the students’ respective distribution of phases in the items may vary. 
Participants have mode of representational fluency that is Phase 1 but have demonstrated varying degree of 
representational fluency across the items. 
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Comparison of Students’ Phases of Fluency in the Assessments. The Wilcoxon Signed Rank Test was used to identify 
if there is a significant difference of students’ representational fluency in Algebra in the pre- and post-assessment. The 
result is shown in Table 2. The data indicated that there is a significant difference between the pre- and post-assessments 
at 5% level of significance. 

 
Table 2. Wilcoxon Signed Rank Test for Representational Fluency in Algebra 

Phase Shift N z p-value 

Post - Pre 

Negative Ranks 0 

5.216 < 0.0001* 
Positive Ranks 32 

Ties 3 

Total 35 

*significant at =0.05 level 
 
The difference of pre- and post-assessments reveals that there is no noted negative shift in the ranks from pre-

assessment to post-assessment. Though, three of these participants have phases that have not shifted to any other phase. 
Positive ranks are characterized by shifts indicating increases in phases. Ties are characterized by those phases that 
remain stationary. In this case, only the stationary case Phase 1 to Phase 1 took place. 

In the distribution of students to these shifts in phases, majority (45.71%) belong to the shift Phase 0 to Phase 1 
while the least belong to the stationary phases or ties (8.5%). 
Figure 3 shows the number of students that belong to each of these shifts in phases. 

 
Figure 3. Number of Students as to their Shift of Phases of Representational Fluency 

Phase Shift from 0 to 1: This shift is characterized by a participant that has no evidence of representational fluency in 
Algebra at first but later can make use of pictorial form of external representation to express relationship among 
quantities. Responses from this group indicated preference in numeric instantiations and solving for the correct answer to 
the problem instead of representing the problem. Solutions included the construction of models that attempted to 
represent the structure of the problem. However, some of these models did not represent the critical relationship of the 
quantities given in the problem as shown in Figure 4. 
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Figure 4. Post-assessment item showing Phase 1 of representational fluency 
 

Phase Shift from 0 to 2: A shift from Phase 0 to Phase 2 indicated that a student who did not demonstrate any evidence 
of representational fluency in Algebra at first was able to exhibit representational fluency after the intervention. Provision 
of correct algebraic equations from the given problems is evident. Figure 5 shows a sample work from a participant that 
belonged to this group. 

 
Figure 5. Post-assessment item showing Phase 2 of representational fluency 

 
Phase Shift from 1 to 2. A shift from Phase 1 to Phase 2 was marked by students’ ability to seamlessly translate model-
drawings from problems to algebraic equations. This shift also identifies those representations that became more 
thorough after the intervention. As shown in Figure 6, the problem is correctly represented by algebraic equation without 
drawing models in the pre-assessment. And in the post-assessment a model-drawing together with correct algebraic 
equation is provided. 

Figure 6. Item comparison of Matthew’s pre- and post-Assessments 
 
As Ng (2003) affirms, well-performing students have the ability to immediately provide algebraic equations without 
drawing models can mentally visualize relationships among quantities in the problem. As such, the need to draw models 
as external representation is eliminated. 
 
Phase Shift from 1 to 1. Students who belonged to group Phase 1 to Phase 1 indicated that they remained in the 
transitional phase in representational fluency in Algebra even after the intervention. After the interview, a participant that 
belonged to this group indicates his difficulty on the process of using model-drawing rather than understanding the 
problem. But as claimed in this research, students’ understanding of the problem could be manifested on how they 
externally represent the problem using multiple arrays of representation. One factor that may explain their difficulty can 
be attributed by the amount of information that can be deduced from the problem and not the language used in the 
problem. As Bernardo (2005) claimed in his study of bilingual speakers, the language that the problem was written 
whether in English or Filipino does not affect students’ ability to model the problem, but it impacts how they 
comprehend and understand the problem. 
 
The Correctness of Model-drawing: Does it Lead to Correct Algebraic Equation? The post-assessment results of all 
the 35 participants were analysed and categorized into three response types as no models, incorrect models and correct 
models. Each of these response types are further categorized into no equation, incorrect equation and correct equation. 
The data indicated that correct or incorrect algebraic equations are more likely dependent on the correctness of the 
model-drawings. A percentage of 81.22 among incorrect model-drawing indicated an incorrect algebraic equation while 
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86.71% among correct model-drawing indicated correct algebraic equation. No noted items in the post-assessment that 
indicate no model-drawing would lead to correct algebraic equation. 
There are 14 out of the 350 items (4.00%) in which correct model-drawings lead students to incorrect algebraic 
equations. Inspecting these items revealed that the constructed algebraic equation missed important information 
presented in the model-drawing. The other instance when correct model-drawing led to incorrect algebraic equation had 
shown that erroneous usage of the variable in the model-drawing and in the representation led students to miss out the 
purpose of the variables. There are also notable instances in the second part of the interview that indicate the revision and 
correction of erroneous models to construct correct equations. There is no noted instance when a student redoes his work 
after he has come up with the algebraic equation. However, when students are given possible equations to the problem, 
they recheck their model-drawings and modify their work if they find errors in either the models or the equations. The 
findings of the study of Booth, Lange, Koedenger and Newton (2013) supported these observations as they highlight the 
contributing factor of incorrect examples in improving students’ understanding of a particular concept in Algebra. 
 
CONCLUSIONS 

The results indicated that students’ representational fluency in Algebra was developed after they received an 
instructional package that integrates model-drawing method in translating mathematical word problems to algebraic 
equations. When students can concretely visualize through model-drawings the structure of the problem, they are able to 
fluently translate mathematical problems to symbolic representations in the form of algebraic equations. While there may 
be statistical evidence to claim that there is a development of representational fluency of students in this particular group 
for translating word problems to algebraic equations, these results may not be generalizable to other algebraic skills. As 
Gerring (2006) claims, since the sample in a case study research is small, the participants may represent the whole but 
provide little information in respect to the generalizability of the behaviour being observed.  

The study further found out that there is a greater chance that correct model-drawing would lead to correct 
algebraic equations in the same manner that construction of erroneous model-drawings would yield to incorrect algebraic 
equations. However, it was noted that in the students’ solution process, poorly constructed model-drawings were used to 
revise their models so as to arrive at an accurate pictorial representation of the problem. Solutions and algebraic 
equations of students may also vary in form. 

However, the development of representational fluency in Algebra does not provide a general conclusion to all 
algebraic concepts since the mathematical problems introduced in the study are limited only to multiplicative-comparison 
type and part-whole type of problems. 
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Abstract: This study aims to improve students' ability to solve problems and student’s achievement in biology using 
Problem Based Learning models. This study used classroom action research, which was designed to be two cycles of 
action research conducted at Senior High School 1 Babelan Bekasi and the research subject was class X. The data were 
collected by observation sheet, interview, student questionnaire responses, tests, worksheets, field notes and reflective 
journals. The study was conducted in two cycles of the 37 students. Data analysis technique is based on the analysis of 
qualitative and quantitative data. Criteria for success of the action research was improved problem-solving skills and 
learning outcomes and has reached completeness of 75%. Problem solving ability of students in the ecosystem material 
tends to increase after using problem based learning model in the first cycle to 75.68% and increased to 78.38% in Cycle 
II and learning outcomes of 29.73% in Cycle I became 78.38% in Cycle II. This increase was supported by the results of 
the observation by 91.67% in Cycle I and 97% in Cycle II and the positive response from the students by 61.62%. 
 
Keywords: Ability to solve problems, Classroom Action Research, Learning   achievement, Problem-based learning. 
 
 
INTRODUCTION 

Learning Activities of ecosystem are still focusing on how to master the matter. Student wrote the matter on text 
books and teacher centered is more dominating on giving the learning matter. Commonly, The understanding of 
ecosystem matter which students accepted is lack of daily examples, as a result students have a weak basic skills to 
master the ecosystem concept and to link the learning matters with others. Besides, the methods and learning techniques 
which teacher used in the learning process are less motivating them to study. So that, students are not interested to study. 
It can affect to student’s achievement that is very low every year. Realizing that students’ understanding has not optimal 
yet about ecosystem matter and the average score exam of students declines every year. For that reason, it needs to revise 
the intervension in the learning process. One of the ways is revised by doing action research class. 

One of the teachers’ efforts to improve problem solving skills and student acheivement in learning ecosystem is 
using Problem Based learning model (Rusman, 2013; Cahyo, 2013, and Cahyo, 2012). Learning model by PBL offered a 
student habitual in learning process. According to Panen cited by Rusmono (2012) that PBL model brings students to 
involve in research process, and they have to identify the problem, collect the data, and use those data to solve the 
problem. PBL model refers to constructivism which explained that study is a construction of knowledge process, direct 
student to study  collaboratively in authentic, actual, and complex problems. (DeFillippi dan Milter, 2009; Arends, 2012; 
Rusman, 2013; English dan Kitsantas, 2013; Foo, 2013).  

The problem given to students must be able to improve students’ understanding about the problem, the awareness 
about discrepancy, knowledge, and desire to solve the problem, and perception exist that students who can solve that 
problems. Teacher roles are helping student to construct their knowledge to be suitable with the real situation. Teacher 
roles as a mediator and facilitator who have a responsibility to make students think critically, analytically, and precisely 
when they face the problem.  

This research aims to know ability to solve the problem and student’s achievement in ecosystem matter in 
secondary high school in Babelan, Bekasi Regency - Indonesia. According Tand in Rusman (2013) said that PBL can 
optimize student thinking skill by group collaboration or systematical team. So, student can empower, sharpen, examine, 
and develop their skills on sustainable way of thinking 
 
 
RESEARCH METHODOLOGY 

This action research was conducted at Secondary high School in Babelan, Bekasi Regency in 3 months from 
March until May 2014. The respondents included Students XI grade SMA Negeri 1 Babelan 37 students. This research 
used Classroom Action Research which is designed two Cycles and adapted with field condition. The focus on classroom 
Action research is application of PBL model to improve problem solving skills in Biology and students’ achievement in 
ecosystem matter. Commonly, intervention step for every cycle in four steps like planning, action, observation, and 
reflection 
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Techniques For Collection Data 
The data research was achieved by many ways to collect the data, i.e: 

1. Cylce test, test Instrument was given in pre-test and post-test learning for cycle I and cycle II. The kinds of the test 
were multiple choice and essay to measure student’s achievement and to know student enhancement skills in 
solving biology problems.  

2. Observation sheet of learning feasilibility to know interaction of teacher and students attitude in learning process 
(Iskandar, 2013). Observation sheet consisted of student’s observation sheet and learning feasibility. Student 
observation sheet was used to know the level of problem solving skills in Biology and students’ achivement.  

3. Questionnaire respons was given for students in the end of cycle. This questionnaire was a closed questionnaire. 
So, student was asked to choose one of the suitable answers with their condition by giving a checklist mark in the 
answer sheet.  

4. Interview was conducted based on the interview guidance which was arranged before 
5. Field notes was one of the important instruments in this research. All notes were all learning activities process in 

the class starting from cycle I until the end of cycle II.  
6. Reflective Journal was used to know student’s reflection about learning process 

 
Data Analysis Techniques 

The collected data were pre-test and post-test result, observation, questionnaire result, interview, field notes, and 
reflective journal. Data analysis techniques were based on qualitative data analysis to know fruitfulness indicator fixed to 
application of PBL model and to improve the ability to solve biology problems. While qualitative data analysis is used to 
know the improvement of Biology achievement.  
 
RESULTS AND DISCUSSION 
Results And Discussion Of Cylce I 

The assessment of student problem solving skills can be seen from student’s worksheet to presentation discussion 
results. Student worksheet was given to students for helping student to solve the problem in ecosystem matter. Student’s 
work are categorized as complete if they reach the minium criteria for completeness (KKM) or more than 75. Table 1 
presents the problem solving skils in Cycle I (Table 1). 

From table 1, it can be seen that the number of students completed on ecosystem matter before PBL 
implementation are 14 persons or 37.84%, and after PBL implementation tend to rise is 45.95% (17 persons). It means, 
approximately 54.06 % students did not complete the worksheet question.  

Table 1. Range scores of Problem Solving ability from worksheet student in Cycle I 
Range scores of Solving 

problems capability 
(KPM) 

Before implementation of PBL (X) After implementation of  PBL (Y) 
∑ students %  The average number 

of Students 
∑ Students % The average 

number of Students 

25 – 34 - - - - 
35 – 44 - - - - 
45 – 54 - - - - 
55 – 64 3 8.11% 3 8.11% 
65 – 74 20 54.05% 17 45.95% 
75 – 84 14 37.84% 17 45.95% 
Total 37  37  

 
As discussed earlier that by learning with PBL models, students who can solve the problem, hopefully can understand the 
ecosystem concept. In fact, it can improve student achievement (Table 2). In this research, it can be seen that after PBL 
implementation student’s achievement can increase from 10.8% to 29.73%. If evaluated from students scores in problem 
solving, that percentage must reach 45.95%, and also expected to be able to increase student’s achievement. It means 
with highly problem solving skills, the student achievement scores tend to increase.  
 

Tabel 2. Data Students Achievement Scores in cycle I 
Range Scores 
∑ students 

% The average number of 
Students 

Pre Test (X) Post Test (X) 

25 – 34 2 5.4 % - - 
35 – 44 12 32.4 % 3 8.11% 
45 – 54 15 40.5% 9 24.32% 
55 – 64 4 10.8% 10 27.03% 
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65 – 74 - - 4 10.81 % 
75 – 84 4 10.8% 11 29.73 % 
Total 37 - 37 - 

 
Ecosystem learning conducted with PBL model is dynamic learning and can present fact from Biology concept. 

That fact can be described as real. Definitely can simplify student in study. Students could easily imagine the Biology 
concepts because they can observe directly about symptoms which happen in the nature. Based on the post-test results 
from Cycle I can be seen that the number of students’ enhancement which study completeness is 29.73% and problem 
solving skills is 45.95%. These data were supported by observation results toward learning feasibility through interview 
and student’s responses (Table 3).  

In table 3, it can be seen that learning feasibility percentage on cycle I is 91,67%. This category shows high 
qualification, this shows teacher who finished the learning activity which is suitable with sintak (steps on learning 
models). However, although learning feasibility percentage is high but the number of students percentage who completed 
still low that is 29.73%. Therefore, it must do an action in Cylce II. The results of student response show different things, 
where learning feasibility percentage process in the class is 61.65%. This category shows medium qualification. 

  
Tabel 3. Observation results by Observer and Student Respond about Application of  

Learning Process Cycle I 
No Learning Activity Cycle I Average Scores 

of Observation 
Results 

Average Scores 
of Students 

Respond The first Meeting The second 
Meeting 

1 Initial activity 100% 100% 100% - 
2 Core activity 69% 81% 75% - 
3 End of activity 100% 100% 100% - 

Average 89.67% 93.67% 91.67% 62.62% 

 
Different observation of that learning feasibility, possibly because of a few factors. Those factors are a few 

procedures core activity which has not done by the teacher, like organizing team was not based on students skill, where 
teacher just observed from attendance list. It possibly can influence the discussion process between active students and 
individual students, not seen from the individual responsibility to their team, as a result class condition in discussion 
process is noise. So, student achievement and problem solving skills are less than maximum.  

The other factors probably caused by limited time, so understanding ecosystem concept not completed because 
teacher has not given reinforcement about ecosystem matter and feedback. The other factors which caused different 
observation percentage results higher than the student response result because observer knows with teacher, so 
assessment of learning feasibility is less objective. Student response percentage result is lower than observation team 
result because fewer students is not understanding PBL model, this result is supported by interview result and reflective 
journal student who said: 

I do not understand about PBL and their steps 
(Interview result with student, 16 May 2014) 

 
We just knew about PBL and we do not know the steps, how the assessment is and what is the purpose of PBL is 

(Interview result with Student, 16 May 2014) 
 

Learning with PBL is as the same as group discussion, division team is based on the attendance 
(Reflective Journal, 16 May 2014) 

 
Learning results on cycle I found some deficiencies, such as team organizing has not based on students skill, 

where teacher just see from the attendance list, limited time, and closeness between teacher and observer. Reflection 
results in cycle I is action plan which will be done in cycle II, and researcher must give more motivation to every 
member team to be active in discussion and dilligent in learning process also the prepare action before test. Making team 
must be heterogen based on student skills, who student with low skills can ask and discuss with students who have higher 
skills, so concept understanding formed evenly between students with low skills and students with high skills. Time 
management, teacher should manage the time to discuss and student presentation is possibly efficient. So, after the end of 
the discussion teacher can give reflection and feedback about ecosystem matter which is discussed about. Students can 
ask about concept matter that have not been understood yet. When observer was chosen, they should choose observer 
who is not in the same school or from other field, so there are no subjective evaluation in assessment learning process.  
 
Results And Discussion Cylce II 
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Based on the observation in cycle II, teacher can understand the procedure in PBL by doing every step and 
students also feel enthusiastic with PBL model. In cycle II, the division team adapted with capability of heterogen 
students, so students look active with discussion activity and discussion presentation, and when doing the presentation 
seemed active in discussion. It is suitable with DeFillippi and Milter (2009), Arends (2012), Massaet al. (2013), Scott 
(2014) statement is making student team with look student characteristic and no standard rules about student grouping 
ways in PBL. On every team, it needs role and teamwork from every member of the team.  

Time management is arranged fit with time which is available by teacher so teacher can do reinforcement on 
matters which are discussed and gives some feedback. So, it can be said that PBL model can increase the problem 
solving skills and students achievement (Table 3 and 4). It is supported by students notes on reflective journal and 
interview results about PBL below: 

 
Learning activity with PBL model is effective enough because it can increase the collaboration of team, increase student 

independence, and increase students’ activity in discussion 
(reflective Journal, Monday, 19 May 2014) 

 
PBL model can increase collaboration students and students understanding and independence on doing a problem that 

was given by teacher 
(Interview student, 2 June 2014) 

 
This statement is supported by expert opinion who said that PBL can engage students to learn independently, looking for 
the answer about problems so students will have skills to solve the problem and dare to make a decision (Arends, 2012: 
Foo, 2013, Scott 2014). Therefore, in cycle II process learning feasibility and students response results tend to increase 
significantly (Table 5)  
 

Tabel 4. Range Scores Solving Problems Skill from Worksheet Students in Cycle II 
The average score of 

Problem Solving skills 
Before Implementation PBL (X) After Implementation PBL (Y) 

∑ students %  The average 
number of Students 

∑ students %  The average 
number of Students 

25 – 34 - - - - 
35 – 44 - - - - 
45 – 54 - - - - 
55 – 64 3 8.11% - - 
65 – 74 17 45.95% 9 24.32% 
75 – 84 17 45.95% 28 75.68% 
Total 37  37  

 
From Table 4 known that the number of students who completed problem solving skills ecosystem matter in cycle 

I are 17 people or 45,95%, and on cycle II tend to enhance by 75.68% (28 people). It indicates, students achieved 
completeness expected are ≥ 75%. so, in cycle 2 student achievement full expected and learning direction. In cycle II, 
students who have high problem solving skills are expected to understand the concept of ecosystem learning, so it can 
increase student achievement. By high students achievement, student in study feasibility  on ecosystem matter also can 
increase (Table 5). 

Cycle II research shows that after reflected implementation in cycle I student achievement increased in cycle II 
from 29.73% to 78.38%. It means learning activity of cycle II has achieved the expected result in research is 75%, 
although student who have not achieved completeness were still found by 24.32% (9 people). In other words, PBL 
models tend to increase the concept of understanding the ecosystem matter, it has been shown by the increase of problem 
solving skills and student achievement.  

These data also have been supported with additional data from observation of student feasibility response learning 
results (Table 6). On table 6 shows that feasibility learning percentage in cycle II is 97%. This category shows high 
qualification, it indicates teacher had done learning activity that was suitable with syntax (steps on learning models) 
supported with the number of students percentage have achived completeness in achievement on cycle II is 78.38% and 
problem solving skills is 75.68%. So, it can be said that PBL models can increase student achievement on material of 
ecosystem, it was shown by the increasing problem solving skills and student achievement (Table 4 and 5). It is also 
supported with results from students response toward learning process in the class is 61.62 %, which shows middle 
qualification. 
  

Tabel 5. Data of Student Achievement Scores in Cycle II 
The range scores of cycle I (X) cycle II (Y) 
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Achievemet ∑ students % The average 
number of Students 

∑ students % The average 
number of Students 

25 – 34 - - - - 
35 – 44 3 8.11   % - - 
45 – 54 9 24.32 % - - 
55 – 64 10 27.03 % 2 5.41 % 
65 – 74 4 10.81 % 6 16.22 % 
75 – 84 11 29.73 % 29 78.38% 
Total 37 - 37 - 

 
Tabel 6. Observation Results by Observer and Student Response about Application of Learning Process in Cycle II 

No Learning activity Cycle II The Average of 
Observation results 

 

The Average of 
Student Respon 

Results 
First Meeting Second 

Meeting 

1 Initial activity 100% 100% 100% - 
2 Core activity 88% 94% 91% - 
3 End of Activity 100% 100% 100% - 

Average Total 96% 97.33% 97% 61.62% 
 

Problem solving skill enhancement and student achievement on cycle II caused many factors, such as 
management class is better, time in learning prosess is adapted with matter which will be delivered, a number of students 
is fewer so easy to direct, school cultures are better and this is not taking apart from school management effort to doing 
learning with qualities.  

The aims of the whole cycle II which wanted to achieve, so this research just until Cycle II, because problem 
solving skills and student achievement on ecosystem matter in class X.1 Secondary High School Babelan tend to improve 
and has achieved completeness expected 
 
CONCLUSION 

Related to description of research results, it can be concluded that problem solving skills and students’ 
achievement in ecosystem matter have enhancement after using PBL model. Application of PBL model in learning make 
students more ready to understand the concepts widely and creatively, can look for the answer from every problem which 
is given correctly, and can work together on team. Considering this research is still simple and what the result of this 
research is not final, so it needs further research to make sure the research is successful in problem solving skills and 
students’ achievement.  
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Abstract: This research aimed to investigate the spiritual and social attitudes of students with different academic abilities 
towards the educational models of PBL, NHT, Integrated PBL and NHT and a multi-strategy model. This semi-
experiment research employed a pre test-post test non-equivalent control group with the design of a  4 x 2 factorial 
pattern. The research study centred on students from class X in all senior high schools in Jeneponto regency, all with 
“even” semester from the educational years of 2014/2015 spread in 11 schools. The sample was determined by random 
sampling technique, wi th  4 schools, i.e., SMAN 1 Binamu, SMAN 2 Binamu, SMAN 1 Batang and SMAN 1 Tamalatea 
as the research samples. Data on students’ spiritual and social attitudes were taken by using observation sheets, self-
assessment sheets and friends’ assessment before and after the learning. The data were analysed with descriptive and 
inferential statistical techniques. The results showed that there are differing students’ spiritual and social attitudes towards 
different learning models and different academic abilities. The best considered combination to improve the students’ 
spiritual and social attitudes is the integrated PBL learning model and NHT with upper academic ability students. 
 
Keywords: NHT, PBL, spiritual attitude, social attitude 
 
 
INTRODUCTION 

Spiritual and social attitudes of high school students in Jeneponto have not been developed because most teachers 
implement the learning models that have not been able to facilitate the students to develop their own spiritual and social 
attitudes. The attitude of students in the learning process is still deficient such as: students are not honest in doing student 
worksheet (LKS); cheating the observations of other groups; indiscipline in the observation; lack of respect for their 
friends’ opinion; and inactive in practical activities. 

Supported by the result of survey that has been conducted by using questionnaires and interviews of 11 grade 
biology teachers of SMAN in Jeneponto uncovered some information. Qualitatively, Biology teacher has not understood 
about the learning by using cooperative learning models in mainly PBL and NHT. In addition, biology teacher has not 
understood how to access spiritual and social attitudes of students. Disclosure of the information that during the 
implementation of learning in SMAN Jeneponto is focusing on the teacher-centered learning and has not implemented 
the cooperative learning which is student-centered and supported by spiritual and social attitudes of students (Authors, 
2015). 

The learning process in SMAN in Jeneponto has not tapped into the potential of students as mandated by national 
education goals. The different academic abilities in the classroom have not been noticed by the teacher. Learning model 
that applied has not accommodated all characteristics of students’ academic abilities, so the range between high and low 
academic abilities of student is still far away. If the students having different levels of academic ability are given the 
same learning, the study results will also differ according to the level of ability (Anderson, 2001). 

The learning model that is used by teachers have not been able to overcome the existing problems in SMAN 
Jeneponto. So we need a learning model that can develop the spiritual and social attitudes of student. The appropriate 
learning model to apply is a learning model that is based on constructivist approach as PBL model. PBL is a learning 
model that uses real-world problems as a context for students to learn about critical thinking and problem solving skills, 
as well as to acquire the knowledge and essential concept of the subject matter, to train high-level thinking includes 
learning how to learn (metacognitive) and to train students to become independent and self-regulated (Nurhadi & 
Senduk, 2003; Arends, 2008; and Authors, 2014). 

Goodnough and Cashion (2003) stated that PBL can improve students’ skills in organizing themselves (self-
regulated or metacognitive). Meanwhile, Nugraheni (2007) stated that improvement in students’ critical thinking skills 
can be brought through problem-based learning (PBL). Authors (2013) stated the learning model of PBL is effective in 
improving critical thinking skills, metacognitive awareness, and cognitive learning outcomes of students. PBL is an 
approach to curriculum development and instruction which is needed to develop problem solving skills and helps 
students to acquire the knowledge and skills (Akcay, 2009).The use of PBL has revealed many advantages. But, there is a 
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weakness of this learning model. Treagust and Peterson (1998) stated that it is difficult to implement PBL in all 
classes. PBL is less precise with students who cannot fully understand the value or the scope of the problem with social 
content. PBL is difficult for teachers to change their teaching style. PBL is not able to accommodate all the materials into 
a curriculum especially related to declarative knowledge or conceptual narrative because in PBL, the material depends on 
problem being solved, which are about procedural knowledge (the act by using the concepts, principles in certain 
situations), so that the problems can be solved by student are less representative. Low academic ability of students 
affescts the problem solving process. 

Apart from PBL, the applicable learning model is the NHT. NHT learning models or "numbering thinking 
together" is a type of cooperative learning that is designed to improve the interaction of students and make them more 
active. Students will be gathered into small heterogeneous groups, then each member of the group are numbered 
orderly. Students are given questions that are related to the material for presentation which is presented by the 
teacher. Each group will discuss with members of the group to think the best answer to the question that is given by the 
teacher. Teacher asks the questions. Teachers will mention a specific number that is held by students to answer the 
questions. This causes the learning process to become more active because it is student centered, the learning process 
becomes more conducive, classroom situation becomes more lively, and each student will strive to understand the 
material because each member of the group has a responsibility for their group in answering the question. Students who 
are weak will be keen to ask the other students because they do not know who would be appointed by the teacher so that 
the potential of students can develop optimally, which will have a direct impact on improving students’ learning 
outcomes (Pradnyani, et al., 2013). 

We need another learning model which is expected to overcome the shortage of PBL and NHT. As the integration 
of PBL and NHT model is a learning model that was developed to cover the weaknesses of PBL and NHT. The 
application integration of PBL and NHT makes students more independent in completing tasks as given in learning 
process,. Additionally, grouping students based on academic ability heterogeneity makes student to work together to 
solve the problem which is assigned by the teacher, as if there was no difference among the students because they have 
the same responsibility. So, the application of integration PBL and NHT can enhance spiritual and social attitudes of 
students. 

 
RESEARCH METHODOLOGY 

This research is a quasi-experimental research with pretest-posttest non-equivalent control group factorial 4 x 2 
(Source: Sugiyono, 2009; Muhiddin, 2012). The independent variables as a factor A is the integration of PBL and NHT, 
PBL, NHT, and multi strategies, while factor B is upper and lower academic ability. The dependent variable is the 
spiritual and social attitudes.  

The population was all the second semester students of class X of SMAN in Jenepontoregency of the school year 
2014/2015 were distributed in 11 schools. The samples were carried out by random sampling, samples were selected 4 
schools such as SMAN 1 Binamu (N = 36), SMAN 2 Binamu (N = 35), SMAN 1 Batang (N = 33), and SMAN 1 
Tamalatea (N = 39). Each class is determined treatment on academic ability of students (N = 12) and lower (N = 12) 
based on tests conducted by researchers grouping. The learning process in integration of PBL and NHT class uses the 
learning equipment of integration PBL and NHT that has been developed by researcher. The equipment consists of a 
syllabus, lesson plan (RPP), and student worksheet (LKS). Learning was conducted in 12 meetings with eight basic 
competences in biology lesson. 

The instrument that was used is the observation sheet, self-assessment sheet, and friend assessment to assess the 
spiritual and social attitudes of students. Guideline for observation is rating scale by rubric. Check list was used to 
observe whether there is an attitude or behaviour. The scale of assessment determines the position of the attitude or 
behaviour of students in a range of attitudes. General observation guideline contains the statement of attitudes or 
behaviour that were observed and the result of observation is like a reality. Statements contain the attitude or behaviour 
in a positive or negative attitude in the elaboration of appropriate indicators of core competence and basic competences.  

Data collection was done by using descriptive statistics to show description or profile of spiritual and social 
attitudes of students. The value of descriptive statistics includes the average, standard deviation, the highest average, the 
lowest average, and the percentage of change in pretest to posttest. The inferential statistics ANCOVA two paths with a 
significant level of 5% was used to test the hypothesis of a difference. Data were analysed using SPSS 18.0 for Windows. 
If the result of ANCOVA show significance, it was followed by LSD test. Before the data were analysed by ANCOVA, 
first it was tested for the prerequisite i.e. normality of the test and homogeneity of the test. Test for normality was done 
using One-Sample Kolmogorov-Smirnov test and Homogeneity test was done using Levene's Test of Equality of Error 
Variances. 
 
RESULTS AND DISCUSSION 
Data Description of Spiritual Attitudes 

Based on the combination of learning model and academic ability, the highest average pretest value of spiritual 
attitudes was obtained on a combination of PBL learning model and the upper academic ability is 2.52. While the lowest 
on a combination of integration PBL and NHT learning model and the lower academic ability is 2.28. The highest of 
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average spiritual attitudes value obtained on combination of integration PBL and NHT learning model and the upper 
academic ability is 3.57, while the lowest is the combination of multi strategies learning model and the lower academic 
ability is 2.85. 

 
 
 

Table 1. Average of Pretest, Posttest, and Difference Value of Spiritual Attitudes 

Learning model Academic ability 
The Average Enhancement 

(%) Pretest Posttest 

PBL 
KA 
KB 
Total 

2.51 
2.41 
2.46

3.44 
3.23 
3.33

37.345 
49.306 

NHT 
KA 
KB 
Total 

2.41 
2.29 
2.35 

3.50 
3.10 
3.30 

50.774 
29.922 

PBL and NHT 
KA 
KB 
Total 

2.34 
2.28 
2.31

3.56 
3.33 
3.44

34.648 
36.452 

Multi strategies 
KA 
KB 
Total 

2.46 
2.33 
2.39 

3.21 
2.85 
3.03 

47.315 
22.423 

Total 
KA 
KB 
Total 

2.43 
2.33 
2.38 

3.43 
3.13 
3.28 

Note. KA = upper academic ability        KB = lower academic ability 
 
Based on Table 1, the percentage of change in spiritual attitudes value on PBL learning model, NHT, the integration 
of PBL and NHT, and multi-strategies learning model has increased. Based on the learning models, the average of 
upgrading percentage of highest value obtained on PBL learning model that is 43.32%, while the average of the lowest 
percentages obtained in multi-strategies learning model that is 34.87%. Specifically related to academic ability, the 
average of upgrading percentage on spiritual attitudes value of the lower academic ability of student is 34.93% and 
smaller than the average of upgrading percentage on spiritual attitudes value of the higher academic ability is 42.24%. 

Related with the combination of learning model and academic ability, the percentage of change in spiritual 
attitudes value has increased. The upgrading percentage on spiritual attitude is higher academic ability that was learned 
by NHT learning model is 50.77%; while the lowest is the lower academic ability of students that was learned by multi 
strategies learning model is 22.42%. 

Table 2 shows that the test ANCOVA test result on learning model is obtained the significance value p = 0.000 
which p <0.01. This result means that the learning model is very significantly influential. This means that the hypothesis 
that "there is a difference between spiritual attitudes of students who were given the integration of PBL and NHT with 
the given PBL learning model, NHT, and multi strategies", is accepted. Thus is concluded that there is an effect the 
integration of PBL and NHT to spiritual attitude of students. 

Table 2. The ANCOVA Test Results Spiritual Attitude 

Source 
Type III Sum of 

Squares 
Df Mean Square F Sig. 

Corrected Model 4.587 a 8 0.573 12.147 0.000 
Intercept 6.200 1 6.200 131.343 0.000
Pretest 0.012 1 0.012 0.246 0.621 
Learning model 2.270 3 0.757 16.032 0.000 
Academic ability 1.977 1 1.977 41.889 0.000 
Learning Model *Academic 
Ability 

0.149 3 0.050 1.054 0.373 

Error 4.107 87 0.047 
Total 1043.600 96 
Corrected Total 8.693 95 

 
The ANCOVA results on academic ability and interaction of learning model and academic ability is obtained each 

significance value p = 0.000 (p <0.01) and p = 0.373 (p> 0.05). This means academic ability is very significantly 
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influential. Therefore, the interaction between the learning model and academic ability is not significant. Thus, the 
hypothesis that "there is no difference in spiritual attitudes between the higher academic ability students on lower 
academic ability" is rejected, and "there is no difference in spiritual attitudes as a result of the interaction between the 
learning model and academic ability" is accepted, so concluded that there are differences in spiritual attitudes between 
the higher academic ability student and the lower academic ability student, and there is no interaction effect of learning 
model and academic ability to spiritual attitude of student. 

Table 3 shows that the average corrected value of spiritual attitude on the integration of PBL and NHT is 
3.454; PBL is 3.334; NHT is 3.311; and multi-strategies learning model is 3.033. This means that the average corrected 
value of spiritual attitude on the integration PBL and NHT is 3.60% higher than PBL model, 4.32% higher than NHT 
model, and 13.88% higher than multi-strategies learning model. The average corrected value of spiritual attitudes of 
students on upper academic ability at 3.432 and lower academic ability is 3.134. These mean that the average corrected 
value of spiritual attitudes of student 9.51% higher than lower academic ability above. The average corrected value of 
spiritual attitude value in each interaction of learning model by academic ability in sequentially start from the lowest to 
the highest are: (1) the interaction of multi-strategies-KB is 2.853; (2) the interaction of NHT-KB is 3.114 learning 
interaction; (3) the interaction of integration PBL-KA is 3.439; and (4) the interaction of integration PBL and NHT-KA 
is 3.569. Based on the average value can be concluded that the interaction of integration PBL and NHT-KA has corrected 
average value of higher spiritual attitudes and interaction learning model of multi-strategies-KB has the lowest average 
value. 

Table 3. Average Corrected of the Social Attitudes 

Learning model Mean Std. Error 

Integration of PBL + NHT 
PBL 
NHT 
Multi-strategies 
KA 
KB 
Integration of PBL + NHT-KA 
Integration of PBL + NHT-KB 
PBL-KA 
PBL-KB 
NHT-KA 
NHT-KB 
Multi-strategies-KA 
Multi-strategies-KB 

3.454 
3.334 
3.311 
3,033 
3.432 
3.134 
3.569 
3.339 
3.439 
3.229 
3.507 
3.114 
3.212 
2.853 

0.045 
0.044 
0.046 
0.044 
0.032 
0.032 
0.063 
0.064 
0.062 
0.060 
0.066 
0.066 
0.063 
0.063 

 
Based on the ANCOVA test result on the significance value of 95% (α = 0.05) is concluded that there is a very real 
difference in spiritual attitude of student between the students that learned by the integration PBL and NHT model with 
learned by PBL model, NHT model, and Multi-strategies learning model. This shows that the learning model is 
influential in the spiritual attitude of students. 
 
Data Description of Social Attitudes  

Based on the combination of learning model and academic ability, the highest average value of social attitudes for 
pretest is obtained in combination of Multi-strategies learning model and lower academic ability is 2.53. While the 
lowest on the combination of PBL model, the integration of PBL and NHT model, and Multi-strategies and lower 
academic ability is 2.35. The average value of social attitudes for posttest is obtained in combination of integration PBL 
and NHT and upper academic ability is 3,77; while the lowest on a combination of Multi-strategies and lower academic 
ability is 3.03. 

Table 4. The Average of Pretest, Posttest, and Difference Value of Social Attitudes 

Learning Model Academic Ability 
The mean 

Enhancement (%) 
Pretest Posttest 

PBL 
KA 
KB 
Total 

2.42 
2.35 
2.39 

3.69 
3.31 
3.50 

53.676 
39.051 

NHT 
KA 
KB 
Total 

2.51 
2.36 
2.44 

3.46 
3.31 
3.38 

53.716 
36.932 
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PBL and NHT 
KA 
KB 
Total 

2.46 
2.35 
2.40

3.77 
3.60 
3.68

42.391 
40.419 

Multi-strategies 
KA 
KB 
Total 

2.53 
2.35 
2.44 

3.43 
3.03 
3.23 

55.068 
29.991 

Total 
KA 
KB 
Total 

2.48 
2.35 
2.42

3.59 
3.13 
3.45

Note. KA = upper academic ability  
          KB = lower academic ability 

 
The percentage of change value of social attitudes on PBL learning model, NHT, the integration 

of PBL and NHT, and Multi-strategies have increased. Based on learning models, the average of highest percentage 
value is obtained on PBL learning model is 46.36%, while the average of lowest percentage value is obtained on the 
integration of PBL and NHT models is 41.41%. Specifically related to academic ability, the average percentage of 
upgrading value of social attitudes the lower academic ability is 36.64% and smaller than the average percentage 
upgrading value of social attitudes on the upper academic ability student is 51.21%. 

Related with the combination of learning model and academic ability, the percentage of change value of social 
attitudes has increased. The highest percentage value in social attitudes is the upper academic ability students that learned 
by the integration PBL and NHT model is 55.07%; while the lowest is lower academic ability of students that learned by 
Multi-strategies learning model is 29.99%. 

Table 5 shows that the result of ANCOVA test on learning model is obtained the significance value p = 0.000, 
which p <0.01. This result means that the learning model is significantly influential. This means that the hypothesis 
"there are differences about social attitudes between the students were learned by the integration of PBL and NHT, were 
learned by PBL model, NHT, and multi strategies", is accepted. So, it can be concluded that there is an effect between the 
integration of PBL and NHT to social attitudes of student. 

Table 5. The ANCOVA Test Results Social Attitude 

Source 
Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected Model 4.819 a 8 0.602 11,908 0.000 
Intercept 8.656 1 8.656 171.126 0.000 
Pretest 0.014 1 0,014 0.276 0.600 
Learning model 2.551 3 0.850 16.812 0.000 
Academic ability 1.730 1 1.730 34.202 0.000 
Learning Model* Academic 
Ability 

0.334 3 0.111 2,203 0.093 

Error 4.401 87 0.051 
Total 1153.240 96 
Corrected Total 9.220 95 

 
The result of ANCOVA test on academic ability and interaction of learning model is significant at p = 0.000 (p 

<0.01) and p = 0.093 (p> 0.05). This means that the academic ability is significantly influential. Meanwhile, the 
interaction between the learning and academic ability is not significant. Thus, the hypothesis that "there is no difference 
in social attitudes between the lower academic ability students and the upper academic ability" is rejected, and "there is 
no difference in social attitudes that caused of the interaction the learning model with academic ability" is accepted. So, it 
can be concluded that there are a differences in social attitudes between the upper academic ability student and the lower 
academic ability student, and there is no effect on interaction the learning model and academic ability to social attitudes 
of student. 

Table 6 shows that the average corrected value of social attitudes on the integration of PBL and NHT is 
3.683; PBL is 3.498; NHT is 3.383; and multi strategies learning models is 3. 235.This means that the average corrected 
value of social attitudes on integration PBL and NHT model is 5.29% is higher than PBL, 8.87% is higher than NHT, and 
13.85% is higher than Multi-strategies learning model. The average corrected value of the social attitudes of the upper 
academic ability student is 3.591 and the lower academic is 3.309. This means that the average correction value of social 
attitude on the upper academic ability is 8.52%, it is higher than the lower academic ability students. The average 
corrected value of social attitudes in each interaction of learning model and academic ability in sequentially start from the 
lowest to the highest are: (1) the interaction of Multi-strategies model-KB is 2.029; (2) the interaction of PBL-KB is 
3.304; (3) the integration of PBL-KA is 3.693; and (4) the interaction of the integration PBL and NHT-KA is 
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3.769. Based on the average value can be seen that the interaction of the integration PBL and NHT-KA has the average 
corrected value of social attitudes is higher and the interaction of Multi-strategies model-KB has the lowest average 
value. 

Table 6. The Average Corrected Value of Social Attitudes 

Learning Model Mean Std. Error 

Integration of PBL + NHT 
PBL 
NHT 
Multi-strategies 
KA 
KB 
Integration of PBL + NHT-KA 
Integration of PBL + NHT-KB 
PBL-KA 
PBL-KB 
NHT-KA 
NHT-KB 
Multi-strategies -KA 
Multi-strategies-KB 

3.683 
3.498 
3.383 
3.235 
3.591 
3,309 
3.769 
3.596 
3.693 
3.304 
3.460 
3.306 
3.440 
2.029 

0,046 
0,044 
0,048 
0.046 
0.033 
0.033 
0.065 
0.065 
0.062 
0.063 
0.069 
0.068 
0.066 
0.065 

 
Based on the results of ANCOVA test on the level of 95% (α = 0.05), it is concluded that there is a difference in social 
attitudes between the student whois learned by integration of PBL and NHT with that learned by PBL model, NHT, and 
Multi-strategies learning model. This shows that the learning model gives an effect on the social attitudes of student. 
 
The Difference of Social Attitudes on Academic Ability Student in Biology Who are given PBL Learning 
Model, NHT, integration of PBL and NHT, and Multi Strategies Learning  

 
The average corrected value of spiritual attitude on the integration of PBL and NHT learning model is higher 

3.60% than PBL learning model; 4.32% of the NHT models; and 13.88% of Multi-strategies learning model. Thus, the 
average correction value of spiritual attitudes student is higher 9.51% of the lower academic ability. Related to the 
source, the diversity of interaction between the learning model and academic ability, although there is not significantly, 
but can be followed by LSD test to determine the differences between the average corrected value on spiritual attitude on 
any combination between the learning model and academic ability. The lowest average corrected spiritual attitudes value 
is in the combination of multi strategies learning model and lower academic ability is 2.853, and the highest is in the 
combination of integration PBL and NHT learning model is 3.569. 

Based on the results of LSD test it is explained that the average correction spiritual attitude value in combination 
of integration PBL and NHT learning model with the upper academic ability on significantly different and 14.61% higher 
than the combination of NHT model with the lower academic ability; 11.11% higher than the model combination of 
Multi-strategies learning model with the upper academic ability; and 25.20% higher than the combination of multi 
strategies with the lower academic ability. The combination of integration PBL and NHT learning model with the upper 
academic ability was not significantly different but were higher 3.78% of the combination of PBL model with the upper 
academic ability and higher 10.53% of the combination of PBL learning model  with the lower academic ability; 6.89% 
higher than the combination of integration PBL and NHT learning model with the lower academic ability; and were 
higher 1.77% of the combination of integration  PBL and NHT model with the upper academic ability. The average 
corrected motivational value on the combination of integration PBL and NHT with the upper academic ability is also 
significantly different and higher 3.59% of the combination of multi strategies model with the upper academic ability. In 
addition, the average correction spiritual attitude value on the combination of PBL learning model with the upper and 
lower academic ability is significantly different and higher than the Multi-strategies model, but there is not significantly 
different from the other combinations. Nonetheless, based on the average corrected, the value of the combination PBL 
model and the upper academic ability is higher 10.44% than the combination of NHT model with the lower academic 
ability, but the lower 1.94% of the combination of NHT model with the upper academic ability. 

In addition, the combination of NHT learning model with the upper academic ability is different and 22.92% 
higher than the combination of multi strategies learning model with the lower academic ability, and there is not 
significantly different from the other combinations. Nonetheless, the combination is higher 12.62% of the combination 
NHT model with the lower academic ability; 8.61% is higher from a combination of academic learning model PBL -the 
ability under; 5.03% higher than the combination of the integration of PBL and NHT model with the lower academic 
ability; 9.8% higher than the combination of Multi-strategies model and the upper academic ability. The combination 
of NHT model with the lower academic abilities different and 9.15% is higher from a combination of multi strategies 
learning model with the lower academic ability. 
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The Difference of Social Attitudes on The Different Capable Students Academic on Biology That are 
given PBL Learning Model, NHT, integration of PBL and NHT, and Multi Strategies Learning Model 

 
The average corrected value of social attitudes on the integration of PBL and NHT learning model is higher 

5.29% than the PBL learning model; 8.87% higher than NHT learning models; and 13.85% higher than Multi-strategies 
learning. The average corrected valueof students’ social attitudes s on the upper academic ability is 8.52% than the lower 
academic ability. Related to the source, the diversity of the interaction between the learning model and academic ability, 
although not significantly, but can be followed by LSD test to determine the difference about the average corrected value 
of social attitudes in any combination of learning model and academic ability. The lowest average corrected value of the 
social attitudes is in combination Multi-strategies learning model with the lower academic ability is 3.029; and the 
highest is in the combination of the integration PBL and NHT learning model with the upper academic ability is 3.769. 

Based on the results of LSD test was explained that the average corrected value of social attitudes in combination 
integration of PBL and NHT with upper academic ability is significantly different and higher 14.00% of the combination 
of  NHT learning model with the lower academic ability and 8.93% of the combination of NHT models with the upper 
academic ability; 14.07% is higher than the combination of PBL model with the lower academic ability; 9.56% higher 
than the combination of multi strategies learning model with the upper academic ability; 24.43% higher than the 
combination of multi strategies learning with the lower academic ability; and there is not significantly different from 
other combinations. While the combination of integration PBL and NHT model with the lower academic ability is 
significantly different and 8.84% is higher from a combination of PBL model with the lower academic ability; 8.77% is 
higher from a combination of NHT model with the lower academic ability; 18.72% is higher than the combination of 
multi strategies learning model with the lower academic ability; and there is not significantly different from other 
combinations. In addition, the average corrected value of social attitudes on the combination of PBL learning model with 
the upper academic ability is significantly different and higher 21.92% of combination of multi strategies learning model 
with the lower academic ability, but there is not significantly different from other combinations. Nonetheless, based on 
the average corrected, the value of the combination of PBL model with the upper academic ability is 11.77% of the 
combination of PBL model with the lower academic ability; 11.71% is higher than the combination of NHT learning 
model with the lower academic ability; and 7.35% is higher from a combination of multi strategies learning model with 
the upper academic ability. 

The combination of NHT learning model with the upper academic ability is different and 14.23% is higher than 
the combination of multi strategies learning model with the lower academic ability; 8.20% is lower than the combination 
of the integration PBL and NHT learning model with the upper academic ability; and there is not significantly different 
from other combinations. Meanwhile, the combination of NHT learning model with the lower academic ability is only 
different but 12,28% lower than the combination of integration PBL and NHT learning mode- with the upper academic 
ability. 
 
RESULTS AND DISCUSSION 
Effect of The Learning Model Toward the Spiritual Attitudes of Students Who Has The Academic Ability 
Different 

 
Based on the research results that has been described that both of the PBL learning model, NHT, the integration 

of PBL and NHT, and multi strategies learning model can improve the spiritual attitude on the ability of different 
academic high school students in Jeneponto. Each learning will give a personal experience to the students for the social 
stimulus, and the stimulus will be the basis for the establishment of attitude. Learning in the classroom is also a container 
associated learning and socializing with the group, while each interaction in the association is an important role in 
influencing the development of attitudes, especially the spiritual attitude. 

The results of data analysis showed that the learning model is a significant effect on the spiritual attitudes at 
different academic ability of high school students in Jeneponto. A person with high spiritual attitude was found to be 
happier than those with lower spiritual attitude (Abdel-Khalek, 2006). The research that has been conducted by Davis, 
Kerr & Kurpius (2003) showed that there was a consistent positive correlation between spiritual attitudes and happiness. 
They reported that a consistent inverse relationship found between spiritual attitudes, well-being and the nature of the 
anxiety regardless of the influence of gender, age, and marital status. Harris, Schoneman and Carrera (2002) showed that 
the commitment of approach was associated with spiritual attitudes may be associated with lower levels of general 
anxiety. A principal component analysis showed that the constellation of variables-which involves religious aspects of 
religious commitment of one's prayer life, and connect with other people in reference to religious groups had a significant 
negative correlation with anxiety traits. (Aghili, M & Kumar, V, G. (2008) concluded that someone with a lower level 
spiritual attitude brings more tension and anxiety and lower levels of happiness. 

The role of the academic ability to the learning outcomes can be seen from the results of Corebima’s research 
(2007) found that low-ability learners who learn by cooperative strategy can achieve academic ability equal or higher 
than the high-ability. There is a significant influence on the level of academic ability of students to the spiritual attitude. 
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Students who are high academic ability getting smarter and have a good spiritual attitude to the treatment that has been 
given and the students are low academic ability be smart and have a good spiritual attitude to the treatment that has been 
given. 

Based on the results of this research can be concluded that the implementation of the integration PBL 
and NHT learning model is potentially to increase the spiritual attitude of students compared with PBL learning 
model, NHT, and multi-strategies. This is due to the integration of PBL and NHT learning model is designed to cover the 
weaknesses up of both models, so it is enabling the students to interact or collaborate in smaller discussion 
groups. Interactions that occur in smaller groups, involve the student who has different academic abilities. 

Interactions that occur in groups, involving students of different academic abilities in learning that use PBL 
model, NHT, and integration of PBL and NHT is able to improve the attitudes of tolerance among the students, 
cooperation, responsibility, democracy, plurality. According Gerungan (2010), social interaction in the group can change 
or form a new attitude. The process of habituation to students in collaboration with their friend whom different ethnic 
allows the formation of tolerance, democracy, and cooperation. 

Although all the models which are applied can improve the spiritual attitude of students, however every model 
gives a different effect on the spiritual attitude of students. The results of covariance analysis showed that the spiritual 
attitudes of students for multi strategies learning model is significantly different between the spiritual attitudes model 
of PBL, NHT, and integration of PBL and NHT, as well as spiritual attitudes for model PBL is significantly different 
between the spiritual attitudes of students to multi strategies, but there is no significantly different from the NHT 
model. Nevertheless, from the average corrected value of PBL model is higher than the NHT model. The average 
corrected value of integration PBL and NHT is significantly different with the NHT model and multi strategies, but there 
is no significantly different from the PBL model. Nevertheless, the average corrected value of integration PBL and NHT 
is higher than PBL models. 

NHT learning model provides the opportunity for each student to work independently and in collaboration with others 
(Lie, 2002). At NHT, when the teacher asked and then all the students just look at him blankly, son this is the model, 
after the students thinking about the topic for a while alone and write or choose their answer, then switched a couple 
sitting next to them and reply reasons for their choice. This model helps students to get their self-confidence, so the class 
is active to discuss about the topic that is studied and there is not dominated by the teacher. Thus, based on the highest 
percentage of the average corrected value, so the best treatment combination is considered to improve the spiritual 
attitude of students is a combination of the integration PBL and NHT model with the upper academic ability. 
 
Effect of The Learning Model Toward the Social Attitudes of Students Who Has the Academic Ability Different 

Based on the result of research that has described, it shows that PBL, NHT, and the integration 
of PBL and NHT, and multi strategies can improve social attitude on academic ability different on high school students 
in the Jeneponto. Loundon & Balita (1993) stated that the attitude is formed by three factors, such as: (1) personal 
experience, (2) group associations, and (3) influential others. Each learning will give a personal experience to the 
students in terms of social stimulus, and stimulus will be the basis for establishment of the attitude. Learning in the 
classroom is also a container associated learning and socializing with the group, while each interaction in the association 
plays an important role in influencing the development of attitudes, especially social attitudes. 

The results of data analysis showed that the learning model has a significant effect towards the social attitudes of 
the different academic ability of high school students in Jeneponto. The results of this research are consistent with the 
results of past research, including Maasawet (2009) learning model (Snowballing and NHT) which shows significant 
influence to social attitudes of multi-ethnic SMP students in Samarinda. According to Presseisen (2001) learning 
outcomes related to the student's academic ability in finding and understanding the material studied, in which a student's 
academic ability is crucial to success in using high cognitive or critical thinking. 

Based on the results of the research it can be concluded that the implementation of the integration PBL model 
and NHT learning model more potentially improves the social attitude of students and is compared with 
PBL model, NHT, and multi strategies learning model. This is because of the integration PBL model and NHT learning 
model is designed to cover the weaknesses of both models, so enabling the students to interact or collaborate in smaller 
discussion groups. Interactions that occur in smaller groups involve the students with different academic abilities. Joyce, 
Marsha and Emily (2011) state that cooperation within the group increases the responsibility, self-esteem (feeling 
respected and valued), eliminate competition and establish a positive outlook on others. Slavin (2010) states that the 
cooperative learning can enhance the social relationships of students, cultivate an attitude of tolerance and respect for 
other people.  

Interactions that occur in groups, involving the students who have different academic abilities in PBL learning 
model, NHT, and integration PBL and NHT is able to improve the attitudes of tolerance among students, cooperation, 
responsibility, democracy, plurality. Jordan and Metais (2000) state that the cooperative learning model has the potential 
to foster interpersonal relationships, the creation of a mutually beneficial relationship, as well as provide a variety of 
interesting experiences that can be drawn together. Haydon et al (2010) also concluded that cooperative learning model 
effectively and efficiently used to improve student learning outcomes, including those with certain disorders of emotional 
intelligence. Akbar (2003) stated that the cooperative learning model can be applied to foster emotional quotient of 
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students. In cooperative learning, there is open space for students to interact, thus indirectly also the students learn to 
understand their own emotions and understand the emotions of others. 

Although all the models that are applied can improve social attitude of student, however any model provides a 
different effect on social attitude of student. The results of covariance analysis showed that the social attitude of student 
to the conventional learning model is significantly different from the social attitude to PBL, NHT, and integration 
of PBL and NHT, as well as social attitudes to PBL model is significantly different from the social attitude of student 
multi-strategies learning model, NHT, and integration PBL and NHT. Although the views of the average correction value 
that integration of PBL and NHT is higher than the NHT model, but the analysis shows that social attitudes to the 
integration of PBL and NHT were not significantly different. Model of cooperation on the NHT model and the 
integration of PBL and NHT is the same, because both have the numbering step, asking questions, answering questions 
and thinking together. The learning model PBL is a pedagogical technique that offers the potential to help students to 
improve their knowledge and become a reflective thinker and flexible and able to solve real-life problems. PBL remains 
one learning methodology centered on the learner preferred. (Mansori, et al., 2015). Thus, based on the highest 
percentage of the average corrected value, so the best treatment combination is considered to improve the social attitude 
of students is a combination of the integration PBL and NHT model with the upper academic ability. 

 
CONCLUSIONS 

The conclusion of this research: (1) the learning model has effect on the spiritual and social attitude of students in 
biology subject, (2) the academic ability of student has effect on the spiritual and social attitude of students, and (3) the 
interaction of the learning model with academic ability doesn’t have effect on the spiritual and social attitudes of students 
in biology subject. However, the best treatment combination considered to improve the spiritual and social attitude of 
students is a combination of the integration PBL and NHT model with the upper academic ability. 
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APPENDIX 
 
 

1. Assessment Sheet of Spiritual Attitudes 
No Statement TP KD SR SL 

1 I pray before starting the study and after the study is completed      
2 I express gratitude for the gift of God      
3 I greet before and after the expression / presentation     
4 I express admiration orally and in writing to the Lord when he saw 

the greatness of God  
    

5 I feel the greatness of God's existence and is currently studying 
science 

    

Total Score     
 
Information : 
Always (SL), if they always perform according to a statement 
Frequent (SR), if appropriate statements frequently and sometimes did 
Sometimes (KD), if sometimes do and often do not perform 
Never (TP), if never do 
 
 
2. Assessment Sheet of Social Attitude 

No Statement TP KD SR SL 
1 I am actively involved in practical activities / discussion     
2 I am willing to do tasks as agreed     
3 I'm looking for a way to resolve differences of opinion / thoughts 

between oneself and others 
    

4 I'm not putting personal interests     
5 I encourage others to work together to achieve a common goal     

Total Score     
 
 
 
3. Assessment Sheet of  Social Attitudes Discipline 
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No Statement TP KD SR SL 

1 I did observe activities in accordance with established procedures     
2 I am disciplined in doing observations in accordance with the time 

allotted 
    

3 I did part of the job that has been set in advance with the focus 
regardless of what does not work 

    

4 I put together a temporary observation sheet in accordance with the 
specified time 

    

5 I return the equipment and materials in place after observation 
activities 

    

Total Score     
 

4. Assessment Sheet of Social Attitudes in Honest 
No Statement TP KD SR SL 
1 I'm honest in doing LKS     
2 I work according to his ability, cheating observations, analysis of 

the problems of other groups 
    

3 I express opinions in accordance with the feelings that are owned 
and not-fetched but what 

    

4 I reported observational data or information as it is     
5 I am honest in making the link between the analysis of 

observational data with the problems presented 
    

 
 
 
5. Assessment Sheet of Social Attitudes in Confidence 

No Statement TP KD SR SL 
1 I dare to make a presentation in front of the class     
2 I dare argue, question, or answer questions   
3 I believe or do activities without hesitation     
4 I was able to make quick decisions     
5 I am not easily surrender   

Total Score     
   
 
 
6. Assessment Sheet of Social Attitudes in Responsibility 

No Statement TP KD SR SL 
1 I did the division of tasks to each member of the group     
2 I carry out individual tasks in accordance with the result of the division 

of tasks well 
    

3 I made the observation reports while in table form     
4 I made the observation data obtained with the results of the analysis   
5 I am honest in making the analysis of observational data and analysis 

presented in accordance with the division of tasks set 
    

Total Score   
 
7. Assessment Sheet of Social Attitudes in Tolerance 

No Statement TP KD SR SL 
1 I respect the opinion of friends     
2 I do not impose opinions or beliefs on others     
3 I received a deal although they differ with his opinion     
4 I am willing to learn from (open to) beliefs and ideas of others 

agardapat understand others better 
    

5 I forgive mistakes friends groups and other groups     
Total Score     
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8. Assessment Sheet of Social Attitudes in Good Manners 

No  Statement STS TS S SS 
1 I do not say dirty, rude, and arrogant at the time of learning 

activities in the classroom 
    

2 I thank you after receiving help from others     
3 I use polite language when expression     
4 I use polite language when criticizing the opinion of friends     
5 I'm not interrupting the discussion time     

Total Score     
 
Information: 
STS : If you strongly disagree with the statement mentioned 
TS : If you do not agree with the statement 
S : If you agree with the statement 
SS : If you strongly agree with the statement 
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DEVELOPING BILINGUAL LABORATORY MANUAL FOR 
BIOCHEMISTRY SUBJECT 

 
Supriyatin, Sri Rahayu 

Faculty of Mathematics and Sciences State University of Jakarta 
e-mail: fiara@yahoo.com 

 

Abstract: Competent learning tool on bilingual class will assure a good learning process in the class. Bilingual 
laboratory manual has been one of the components which should be well prepared on bilingual class. This research is 
aimed at developing bilingual laboratory manual for biochemistry subject in Biology Department, Faculty of 
Mathematics and Science, State University of Jakarta. Design used was Research and Development. Data was acquired 
from expert analysis of material and language, along with student trial. Based on student need analysis, it was known that 
79.5% students felt that bilingual laboratory manual was needed to support their bilingual learning process. Material and 
language expert analysis had concluded that the laboratory manual is a very good tool and should be available to be used 
as manual in laboratory learning for biochemistry subject. 
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INTRODUCTION 
 Learning is part of education. Learning process will guide students in their cognitive, affective and psychomotor 
ability. One of the major components in learning is media availability for learner. Bilingual learning will run well when 
bilingual learning tools such as books and modules in Bahasa Indonesia and English were effective, along with lecturers 
proper teaching skills. Unfortunately, so far the tool for bilingual learning has not been well prepared.  Laboratory 
activity is a learning activity that is very important in learning biochemistry. Almost all the material in the learning of 
biochemistry is closely related to evidentiary implemented cases through practical activities using practical guidance 
module. Since the convening of bilingual classes, students are still using the same experimental module with regular 
classes. Therefore, it is necessary to develop bilingual lab module as part of efforts to support the bilingual class. The 
products of this research will be used as a biochemical lab module for bilingual classes. 
 
RESEARCH METHODOLOGY 
 This research was conducted in the Department of Biological Science UNJ. Needs analysis phase conducted in 
biology classroom and design phase was conducted at researcher’s residence. The testing phase of subject matter and 
media expert was held at the residence of the experts, while testing the Student was held at the home of each student. The 
method used in this study was research and development methodology to conduct product trials and refine them later 
(Sugiyono, 2008). 
 The data used in this research and development can be seen in Table 1. Analysis phase was done in Biology 
Bilingual Education class year 2012. While the source of data on product trials are students of Bilingual Biology 
Education force year 2013. 

Table 1. Stages of data collection as well as the techniques, tools and data sources. 
No Stages Data collection 

technique 
Tool for data 

collection 
Data Sources 

1 Need Analysis Observation Student learning 
score 

Student enrol in 
biochemistry 
subject 

Questionnaire 
distribution 

Need assessment test Student enrol in 
biochemistry 
subject 

2 Module development Literature review Computer Textbook, 
internet, journal 

3 Expert test Module evaluation by 
expert 

Expert analysis 
instrument 

Media and 
language expert 

4 Module trial Trial instrument 
distribution 

Student instrument 
distribution 

Student enrol in 
biochemistry 

 
This instrument is used as a reference for the next development stage. The instrument of needs analysis questionnaire 
contained in appendix 1 to the grid as follows: 
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Table 2. The Grid Needs Analysis Questionnaire Instrument 

NO Indicators Instrument 
number 

Amount 

1. Biochemistry learning   

 a. Varied method used 1 1 

 b. Student understanding on method applied  2.3 2 

2.  Bilingual learning process   

 a. Bilingual learning application 4,5,6 3 

 c. Use of bilingual learning sources 7,8 2 

3. Laboratory Module    

 a. Need for bilingual laboratory module. 9 1 

 b. Language position on laboratory module pages. 10,11 2 

 c. Bilingual use on laboratory test  12,13 2 

 d. Writing bilingual laboratory 14,15 2 

 Total Questionnaire item  15 

 
Criteria of lab module as a good teaching materials to be developed into a bilingual biochemistry lab module is 
determined by feasibility studies and trials. Feasibility test instrument to subject material experts, linguists and students 
are testing in item as follow:  

Table 3. Lab Module Feasibility by Material Expert 
NO Indicator Instrument 

number 
Total 

1 Compliance with curriculum materials  1,2,3 3 

2 Accuracy of material 4,5,6 3 

3 Learning support material 7,8,9 3 

4 Systematic presentation of material 10,11,12 3 

5 Conformity of support 13,14,15 3 

6 Presentation  16,17 2 

 Total questioner item  17 

  
Instrument for language experts was different from material expert. Language expert instrument covers some item below:  

Table 4. Instrument for Language Expert 
No Indicator Instrument 

number 
Total 

1. Compliance with student education stage 1,2 2 

2. Communicative 3,4 2 

3. Organization and unity of idea 5,6 2 

4. Language structure 7,8 2 

5. Learning presentation 9,10 2 

 Total questionnaire item  10 

 
Instrument for student trial covers the following: 

Table 5. Instrument Item for Student Trial 
No Indicator Instrument 

number 
Total 

1. Compliance with curriculum 1 1 

2. Clarity of Information  2 1 

3. Presentation technique 3,4,5 3 

4. Picture and photo illustration 6 1 

5. Presentation design 7,8 2 
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6. Font type use 9,10,11 3 

7. Language use 12,13 2 

8. Laboratory presentation 14,15 2 

 Total questionnaire item  15 

 
 The data used in this study was data from both trials testing materials by experts and students. Data was obtained 
using a test for material and media experts and also students. Product development of laboratory bilingual module was 
tested to material and language experts, and students. Data obtained in the form of a questionnaire that has been filled by 
the respondent. Data were analyzed by descriptive and qualitative. Whether or not the limit of the instructional materials 
to be used as experimental module based on the criteria for the interpretation score Likert scale as follows (Ridwan, 
2005) 
 0-25% : Very poor 
 21-40% : poor 
 41-60% : fair  
 61-80% : Good 
 81- 100%: Very good 
 
RESULT AND DISCUSSION 

Research activities have been planned include the stages of observation, development of teaching materials, expert 
analysis and product trials. From a series of such activities, this study has been conducted observation and questionnaires 
analysis of the needs of students, development of teaching materials, expert analysis and product trials. This means that 
almost the whole series in development research activities have been completed. The results of need  
analysis planning, product development, test validation trials experts and small groups were discribed  as follows: 
 
Results of The Needs Analysis 

The purpose of the need analysis phase is as a place to obtain information from students about the problems that 
occur in biochemistry laboratory learning in bilingual education classes. This needs analysis phase begins with 
questionnaire on college students. Based on the results of questionnaire analysis of the needs of students conducted by 
distributing questionnaires need for bilingual students obtained the following results: 
 
Learning Biochemistry 

A total of 65.5% of the students stated learning methods used in biochemistry has been varied. As much as 71.9% 
of students were able to understand the learning methods applied. Based on learning that has been implemented, 
biochemistry subject have applied quite varied learning methods. Among the learning methods implemented were 
lecture, discussion, presentation, seminar, laboratory practice and journals reading. 84% of students stating lab module 
can improve the understanding on biochemical studies. Laboratory activities were structured with the help of the module, 
students can be guided to better understanding on the discussion because it has been scientifically proven the reliability.  
 
Bilingual Learning Process 

93.8% of students stated that learning was already implemented bilingual and 71.9% stated that discussions take 
place in the classroom was already bilingual. A total of 93.8% of students expressed about a given mid and final test 
were already bilingual and 78.1% said the recommended reference has been English. However, only 56.3% of students 
completed the task of lecturers with English-language reference. The application of biochemistry teaching in bilingual 
classes was largely been implemented bilingual, only when the lecturer gives the task to the students, the students were 
still more likely to choose the reference in Indonesian language. This is likely due to the limited literature or access to 
which can be reached by the students for the provision of reference materials in English. When in fact, Honors in biology 
itself has provided the latest books for all subjects. Only few students were still limited in terms of access to the books 
because of the limited number of books available. 
 
Laboratory Module  

A total of 79.5% of students stated that bilingual classes should use bilingual lab module. 78.1% expressed the 
need to put an explanation in English and Indonesian in bilingual lab module. Only 43.8% said English and Indonesian 
explanation should be in different pages. 56.34% Students assume about the problems that exist in the lab module which 
should be made bilingual. Only 21% of students keen on the lab module done in English and 90.6% of students expressed 
the need for the report done individually. While only 15.6% of students agree lab report writing supposed to be in 
English. In fact, there is currently no bilingual classroom learning tools were adequate in all subjects. So, existing 
learning devices were the same for both regular and bilingual classes. This happens on all subjects including laboratory 
practice courses. It should be currently available devices for bilingual classes. Most students of bilingual classes also 
expressed the opinion on bilingual laboratory module need for bilingual classes, just a pity most of them also raised 
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objections in answering questions in English as well writing with English. They still didn’t feel confident to be able to 
explain something in English. Besides, most of them also worry about the content or the answers they write with less 
understood English teachers would disturb the assessment. 
 
Expert Analysisis 

At this stage, material experts evaluated the material presented in the modules 
guiding biochemistry lab. The objective of this material experts test was to test the feasibility of modules created and find 
out an expert opinion on the modules that have been generated. Material experts in this study was dr. Subandrate, 
M.Biomed. Lecturer at the Faculty of Medicine, University of Sriwijaya who has been an expert in the field of 
biochemistry. While linguists were Kartika Ratna Irma, M.Sc. Lecturer in Department of Chemistry who completed his 
master's in Australia and currently teaches also in the chemistry department in the course of organic chemistry. In 
general, the results of the analysis instrument of feasibility by linguists and material expert described as follows: 

Tabel 5.Table of validation test by material and language expert 
No Indicator Insrument 

number 
Score % Crtiteria 

1 Compliance with curriculum 
 

1,2,3 9 75% Good 

2 Accuracy of material 4,5,6 10 83,3% Very Good 

3 Learning support material 7,8,9 11 91,7% Very good 

4 Systematic presentation of 
material 

10,11,12 9 75% Good 

5 Conformity of support 13,14,15 10 83,3% Sangat baik 

6 Presentation 16,17 7 87,5% Sangat baik 

      

 
Based on the results of the assessment by material experts, almost all test indicators got very good value. Of the 

six indicators tested, 4 indicators get very good value and 2 get a good value. Indicators of material suitability and 
systematics get good value. While indicators of accuracy of the material, the material support learning, supporting the 
suitability of the presentation and the presentation of learning get very good value. According to the material expert, the 
material presented in the modules was in accordance with the standards of learners competence. Besides the material 
provided was already quite accurate and uses the latest reference materials and not outdated. Based on input from 
material experts, things that needs to be done to fix the module was necessary revision at the preface, table of contents, 
list of abbreviations, images to practicum clarified and writing a bibliography. Input from material experts were then 
used to revise the existing modules. The impression of materials expert related to bilingual biochemistry lab module was 
"Simple was Beautiful". 
The next stage was the validation of lab module by linguists. Results of the assessment by linguists can be summarized as 
follows: 

 
Tabel 6. Table of validation test by language expert 

No Indicator Item 
number 

Score % Indicator 

1. Compliance with student eduation stage 1,2 10 100% Very good 

2. Communicative 3,4 10 100% Very good 

3. Organization and unity of idea 5,6 10 100% Very good 

4. Language structure 7,8 7 87,5% Very good 

5. Learning presentation 9,10 7 87,5% Very good  

      

 
Based on the results of the assessment by linguists, all test indicators got very good value. Based on input from 

linguists, should the module was equipped with a glossary that outlines specific terms and less common for learner. Serta 
preferably equipped with a module structure of the compounds involved in each trial, and the need for consistency of 
writing the words terms and symbols. The impression given by linguists were modules already contain images 
experimental results into valuable information for learners. The words used in the modules were quite familiar and 
understood by learners. After testing by material expert and linguist, laboratory module was subsequently revised based 
on expert advice. After the module was revised, product trial was conducted. 
 
Small Group Trial 
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Small group trial was one step in the research lab module's development. This trial was a trial conducted on 
college students. This trial aims to determine student opinion regarding the modules that have been developed prior to the 
tests on a large scale in a larger group. Test conducted on a small group of students in 2014 that bilingual education class 
when taking the study subjects biochemistry. Respondents used in the trials were a small group of 40 students. The 
results of the analysis instrument product testing lab module bilingual student described in Table 7 below: 

Tabel 7. Table of small group trial result 
No Indicator Item 

number 
Score % Criteria 

1. Compliace with curriculum 1 140 87,5% Very good 

2. Clarity of Information  2 144 90% Very good 

3. Presentation technique 3,4,5 450 93,8% Very good 

4. Picture and photo illustration 6 147 91,9% Very good 

5. Presentation design 7,8 300 93,8% Very good 

6. Font type use 9,10,11 425 88,5% Very good 

7. Language use 12,13 475 98,9% Very good 

8. Laboratory presentation 14,15 420 87,5% Very good 

 
CONCLUSSION 
Products developed in this study was a laboratory module on the subject of biochemistry for bilingual education. The 
results of trials by material experts, linguists and small group shows laboratory module developed was already eligible 
for use in biochemistry teaching in bilingual classes. 
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Abstract: The research objective was to develop a Math-Science learning model based on performance assessment to 
increase critical thinking skills. This research was conducted at a primary school in a coffee plantation area. The 
developmental research design used the Tjeerd Plomp model that consists of four phases: the initial investigations 
phase; the design phase; the realization phase; and the test, evaluation and revision phases. The research tested products 
of the learning model that have been developed by action research on students’ critical thinking skills. The results 
confirmed the validity of the critical thinking assessment instrument and rubric, and showed that the development of 
performance assessment-based learning instruments were valid, practical, and effective for all categories. Based on data 
analysis, there were 82% students with an Unfavourable category before implementing the Math-Science learning model- 
based performance assessment and after implementing, there were 63% students with a Good category on the first act and 
78% students on the second act. So, there was an increase in the students’ critical thinking skills after implementing the 
Math-Science learning model-based performance assessment in the first act and the second act which reached high 
quality criteria with a reading of more than 2 on a scale of 4 from the criteria valid and very valid. The conclusion of this 
research is the implementation of Math-Science learning model-based performance assessment can develop the critical 
thinking skills of primary school students in the coffee plantations area. 
 
Keywords: Coffee Plantations, Critical Thinking, Math-Science Learning Model, Performance Assessment 

 
 

INTRODUCTION 
Coffee is a major commodity in Jember. The need of coffee in the world is still very high. There are two 

types of coffee in Jember region that are robusta and arabica types. However, there is a downward trend in 
coffee production from year to year. One of factors is decreasing of land and the number of coffee farmers. 
This is compounded by studies on coffee plants in the school that is not optimal. On learning of mathematics 
and science, the study material about coffee is not included in learning. Whereas, study on coffee plants in math 
and science can support students' awareness of the potential of Jember region as coffee-producing regions. 

Another issue about education in Indonesia, especially in junior high school, is the educational process 
which trains children to be skilful in their life is not sufficient yet. The children's ability to think critically is low. 
This is  also  supported by the results of the report of The Trends International in Mathematics and Science Study 
(TIMSS) in 1999, 2003, 2007, 2011, 2015 and the test result of Programme for International Student Assessment (PISA) 
2003, 2006, 2009, 2012, 2015 about mastery of math and science for primary students in Indonesia. 

The results of the report and the text state that students’ mathematics and science ability in Indonesia, 
especially primary students to the problems of analysis and understanding the concept is still very weak, but it 
is relatively good in solving problems of facts and procedures. This indicates that the junior high school 
students in Indonesia do not have the critical thinking in solving the problems which is in the form of analysis. 
It also happens to students of Primary School. 

Therefore, the Indonesian government makes changes in the curriculum applied in primary schools. The 
curriculum changes effort learning process that leads to high-level thinking skills of students, one of which is 
the students' critical thinking skills. In the curriculum 2013 enacted by the government, the implementation of 
primary and secondary education as stated in Government Regulation No. 17 in 2010 on the Management and 
Operation of Education aims to build a foundation for the development of students' potentials to become a 
human of knowledgeable, skilled, critical, creative, and innovative (Ministry of Education and Art, 2013). 

Bassham (2011) defines the critical thinking as follows: Critical thinking is the general term given to a wide 
range of cognitive skills and intellectual dispositions needed to effectively identify, analyse, and evaluate arguments and 
truth claims; to discover and overcome personal preconceptions and biases; to formulate and present convincing 
reasons in support of conclusions; and to make reasonable, intelligent decisions about what to believe and what to do.  

Furthermore, according to Glazer (2004) critical thinking uses three indicators, namely: 
1. The proof is the ability to prove a statement deductively (using the theories that have been studied previously); 
2. The generalization is the ability to produce a pattern on the problems faced to broader categories;  
3. The problem solution is the ability to identify the elements that are known and asked, and examine the adequacy 

of the necessary elements in the problem, construct a mathematical model and solve it, and verify the results or 
answers. 

355



Based on two opinions above related to critical thinking, it can be said that through critical thinking, 
students are invited to play an active and effective way to build their own knowledge or skills and use 
critical thinking to solve problems faced in the community. That is because in critical thinking, students 
must first determine certain criteria or make a claim to determine the answer or the correct way of the 
activities carried out, then analysed and proved the truth from that claim. 

Martin Luther king Jr (Bassham, 2011) stated that “The function of education is to teach one to think intensively 
and to think critically”. Hence, it can be concluded that every education at any level, critical thinking is the final 
product of learning. Therefore, critical thinking skills is an ability that is essential for any student that is used 
to solve the problems of life with serious thinking, active, thorough in analysing all of the information they 
receive by including rational reason so that every action that will be done is right. 

Critical thinking skills can be processed in a way to familiarize students to be actively involved in 
solving the problems that require a high level knowledge of students. One of them involves the performance 
abilities maximally owned by students. However, the reality shows different things. Based on interviews with 
several mathematics and science teachers in Sidomulyo Garahan Primary School, South Jember, it was stated 
that students tend to be passive in solving the more complex problems. Students are less interested in trying, 
analysing and conveying logical reasons in the problem solving process. Students prefer to solve procedural 
issues not about making concept. In addition, teachers also have difficulties in preparing an assignment given 
to students in particular tasks related to the making concept. The task is in the form of commands series that 
ask students to solve real problems related to coffee theme involving their all performance abilities. Therefore, 
it is necessary to develop an assessment instrument to facilitate and measure the students’ performance ability 
in improving students’ critical thinking skills to solve the problems of mathematics or science with a coffee 
theme. 

The assessment is used as a measuring tool to determine whether students have achieved the expected 
competencies or not. Two important things in the assessment are how to make the assessment meaningful and 
manageable. Johnson and Johnson (2002: 3) stated that in order to make an assessment said to be meaningful, 
the assessment should be designed with the significant aim, contain clear procedures, and provide clear 
guidance to improve the quality of teaching and learning. An assessment is said to be manageable if the 
assessments that is used can give useful information by optimizing the use of multiple sources of assessment. 
So that, assessments that are not meaningful and manageable will make the students to be assessed do not do 
the best they can do even students do not facilitate the assessment process. 

The assessment should be linked to real life or authentic assessment and involve the performance 
evaluation so that students can take advantage of the knowledge, performance ability, and critical thinking 
ability that are owned to solve math and science problems related to the coffee theme. Hence in this case, the 
performance assessment is possibly suitable access techniques to assess students' critical thinking ability. In 
fact, it is not easy to place students in real life situations and engage students actively to maximize and 
implement their performance and implement performance assessment in solving mathematics and science 
problems. Responding to this, Wisconsin Education Association Council (1996) stated that teachers can ask 
students to complete a task related to a real life which is simulated with performance. So that, being able to 
carry out performance assessment, teachers need to: (1) define the concepts, knowledge, and skills of what are 
assessed, (2) determine the activity of performance shown by the students, and (3) develop assessment criteria. 
Therefore, students need to be encouraged to know how task performance assessed and what way to complete 
the task that should be done and not through giving performance example. 

One of the alternative solutions to the problem is to use a learning model that is able to facilitate 
students' critical thinking in completing the task performance related to the application of mathematics and 
science on the problems of the coffee theme. The development model of learning math-science-based 
perfomance assessment is important to be developed in order to improve the ability of critical thinking of 
primary school students, especially in surrounding coffee plantation. 

 
RESEARCH METHODOLOGY 

This methodology is based on research and development approach. The Development of math-science 
learning model based performance assessment is used to improve critical thinking skills of primary school 
students in the coffee plantations of Sidomulyo Garahan Jember which was the main activity in this study for 
two years. In the first year, the study focused on the preparation of a book of math-science learning model-
based performance assessment which is used to improve critical thinking skills of primary school students in 
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the coffee plantations of Sidomulyo Garahan Jember. While in the second year, the research focused on the 
development of tools used to develop critical thinking skills-based performance assessment. 

The development of book model refers to a general education development model from Plomp (1997) 
that is done in phases:   
1. The initial investigation phase. In this phase, the researchers conducted the study on (1) indicators of 

performance assessment, (2) indicators of critical thinking, (3) determining topic or theme of coffee to be 
solved, and (4) levelling of the student's performance ability. 

2. The design phase. The undertaken activities in this phase included: (1) designing the learning syntax with 
the phases of learning that was expected to enhance the ability of students’ critical thinking, (2) designing 
the learning environment or social system, (3) designing the reaction principle, (4) designing supporting 
systems, and (5) designing learning impact. 

3. The realization phase. In this phase the researchers created a model of learning as a continuation of the 
design phase. The learning model as the result of this phase is called the prototype I. 

4. The phase of testing, evaluation, and revision. This phase was focused on two things, namely: (1) to 
validate and (2) to conduct field testing of learning prototype model that had been compiled. 

Data needed were in the form of combination of quantitative and qualitative data. Data collection techniques 
used three instruments; that are, critique or improvement sheet, questionnaire sheet, and documentary studies.  

The first instrument was critique or improvement sheet that retrieved data validation review of validator 
for the purposes of the first revision and retrieved the data of pre-test results. In addition, it functioned to take 
the test results for the second revision and the test results for the third revision (final). The second instrument 
was the questionnaires sheet that collected data on student responses. Meanwhile, the third instrument was the 
study of documentary that sorted and selected the materials required for compiling the preparation of the 
learning model development. Data was analysed by using qualitative descriptive analysis, and the development 
of data analysis should be suitable with the established criteria. Conclusion was taken if all variables of 
learning model development reached a high minimum quality criteria or scale >2 on a scale of 4 which was 
valid and very valid criteria. 

 
RESULT AND DISCUSSION 

The learning model development of math-science based performance assessment in enhancing the ability 
of critical thinking using educational model development expressed by Plomp (1997) in general that includes 
some phases, namely: (1) the initial investigation, (2) the design, (3) the realization, and (4) the test, evaluation, 
and revision. The development results of each phase in the learning model development are as follows. 

 
The Result of Initial Investigation Phase  

In this phase, the researchers conducted the study on (1) indicators of performance assessment, (2) 
indicators of critical thinking, (3) determining topic or theme of coffee to be solved, and (4) levelling of the 
student's performance ability. 
The results of initial investigation are as follows: 
1. The use of problem exemplar coincides with rubric exemplar for teaching problem solving as well as the 

assessment tool for measuring students’ problem solving ability submitted by Kallick and Brewer (1997) 
does not load preliminary/ orientation phase and debriefing. 

2. Authentic assessment is used to assess student achievement of cognitive, affective and psychomotor. 
3. The supporting learning theories are constructivist theory and Bruner’s theory about discovery learning. 
4. The study on students’ condition including problem-solving abilities, experience in problem solving, and 

the use of the communication language is done by reviewing the study to the problem-solving profile of 
the fifth grade students around a coffee plantation Garahan Sidomulyo Jember. 

5. Curriculum analysis is done to set up the concepts that will be taught to students, the presentation order 
and presentation time. Based on the curriculum analysis to the material taught in the fifth grade of primary 
school around the coffee plantation, it is obtained that material of circumference and area of two-
dimensional figure for Mathematics, and reproduction in plants for science. The Focus of material is on 
implementing material of science and mathematics in solving problems or questions related to the coffee 
plant. 

From the results of the study and the identification, it was obtained that an initial idea develops a 
mathematical learning model based authentic assessment with problems exemplar to improve problem-solving 
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abilities. By considering the results of the identification and study, it was obtained the ideas of instructional 
design as follows: 
1. Preliminary orientation is very beneficial to focus students’ concentration in following the learning 

process. In addition to focusing the mind, orientation is also useful to motivate students in following the 
lesson. Based on these reasons, one of syntax phases learning model that will be developed in this 
research is the orientation phase. Besides motivating, giving knowledge to students is urgently needed 
because question or problem given in this model is open question/ issue. In order for children to solve 
problems is not "empty", it is needed a knowledge. Based on these reasons, the mathematics learning 
model based authentic assessment with problems exemplar will be developed is contained the orientation 
phase. 

2. The need of problem solving ability is perceived important in all aspects of life. it is needed to consider 
students’ ability in solving problems in learning. Problem solving approach by Polya is contained yet 
about introduction and conclusion, while the use of problem and rubric exemplars by Kallick and Brewer 
(1997) in learning process is only used as a medium for teaching and assessing (cognitive aspects only) of 
problem solving. Therefore, it is really necessary to develop a learning model that can improve students’ 
problem solving ability to assess students’ learning outcomes at the same time thoroughly. Mathematics 
learning model based authentic assessment with problem exemplar is developed by using questions that 
made, so that it can improve students' problem-solving abilities and assess it with authentic assessment. 

 
The Result of Design Phase 

Lesson plan produced by the initial phase of the investigation are as follows: 
1. The design of learning syntax that explores the open issue with a sequence or phases of learning is 

expected to enhance students' creativity. The phases of the syntax are: (a) orientation, (b) solving the 
problem individually, (c) organizing group, (d) group discussion, (e) class discussion, and (f) assessment 
model, (g) evaluation, and (h) closure. 

2. The design of the learning environment or social system that is the situation or atmosphere and norms 
implemented in the learning model will be developed, such as the teachers’ role and the students’ activity 
that must do during the learning process. 

3. The design of reaction principle gives the image to the teachers about how to give intervention to students 
as well as how to look and respond to every behaviour shown by students during learning process. 

4. The design of supporting system is the terms or conditions which are needed to carry out a learning model 
designed, such as the classroom setting, instructional systems, learning instruments, learning facility, and 
needed media in learning. 

5. The design of learning impact. There are two kinds of impacts; instructional impact and accompanist 
impact. Instructional impact is a direct result of learning, and the accompanist impact is an indirect result 
of learning. 

Stages of making the learning design which is the result of the design phase is used as a basis in preparing the 
draft of lesson plan when the trials are enacted in schools. 

 
The Result of Realization Phase 

The result of this phase was the completion of a model of math-science book based performance assessment to 
improve students' critical thinking skills around the coffee plantation Garahan Jember Kidul. The model book developed 
contains three chapters that are rational model, theoretical basis, and models component of learning math-science-based 
performance assessment in improving the ability of critical thinking. The model book produced in this phase was used as 
the basis for learning instruments that was used when testing. The learning instruments were the design of lesson plan, 
student worksheets, student books, teacher books, and assessment instruments (assessment rubrics and task 
performance). 

 
The Result of Test, Evaluation, and Revision Phase 

In this phase, four educational experts had been engaged to validate the model book that had been 
designed. Those experts were two education experts and two experts who focused on their research related to 
coffee. Each validator gave an assessment of the model book that had been developed. The results of the 
validation assessment of each validator can be seen in TABLE 1. 

Table 1. The Assessment Result of Model Book by Validator 

Aspect Criteria Average 

358



Aspect 

The theoretical 
rationale 
 

Theory about performance assessment, level of  performance, critical 
thinking ability 
The learning theory that supports and is relevant for the learning 
model of math-science based performance assessment in improving 
the critical thinking ability 

3.85 

The learning objective 
to be achieved 

Suitability with indicators of critical thinking skills 
Developed objective is able to measure the students’ performance in 
solving math‐science problems  
The results of the objectives achieved are able to determine the 
level of students’ performance ability 

3.67 

The syntax The phases in the syntax make logical sequence of learning 
activities 
The phases in the syntax can be implemented by teachers 
The phases in the syntax contain activities that can enhance 
students’ problem solving and critical thinking ability 
The phases in the syntax contain clearly about the role of teacher 
and student  

3.57 

The reaction Principle Teacher’s behaviour that is applied in learning model of math-
science with questions related to the issues surrounding coffee 
plantations is stated clearly 
Teacher’s behaviour that applied in learning model of math-science 
with questions related to the issues surrounding coffee plantations 
can be implemented by the teacher 
Teacher’s behaviour  in individual work activities is stated clearly 
Teacher’s behaviour  in individual activities can be carried out by 
the teachers 
Teacher’s behaviour in a group activity is clearly stated 
Teacher’s behaviour in a group activity can be carried out by 
teachers 
Teacher’s behaviour in the activity of presenting the group results is 
clearly stated 
Teacher’s behaviour in the activity of presenting the group results 
can be carried out by the teachers 

3.8 

The supporting sytem / 
learning environment 
 

The lesson plan shows the learning activities clearly 
The lesson plan can be implemented by the teachers 
Students’ worksheet can show the students’ critical thinking ability 
The learning materials is set up based on the lesson plan 
The learning material supports the students’ worksheet 
The problem in students’ worksheet is connected to the problem in 
surrounding coffee plantation  

3.78 

The learning impacts The types of instructional impacts are stated clearly 
The types of instructional impacts are stated logically 
The types of companies impact support the learning objectives 
The types of companies impact are stated clearly 
The types of companies impact are stated logically 
 

3.54 

The implementation of 
learning 

The planning tasks are stated clearly 
The planning tasks can be prepared by the teachers 
The explanation of individual activity is stated clearly 
The explanation of group activity is stated clearly 
The teacher’s role in helping students' activity is clearly stated 
The handling situation of group activity is clearly stated  
The handling situation of group activity can be implemented  

3.53 
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The results of this validation analysis stated that the learning model book of math-science based performance 
assessment in enhancing the critical thinking ability is valid with every valid criterion and can be used with little revision. 
Revision refers to each validator’s note. The revision results were discussed to four validators to obtain some suggestions 
regarding the revision that has been done. The results of the validator state that the revised model book revised fulfils the 
truth and ready to test the model book to school. Hence, the prototype generated through this activity is the prototype of 
model book that is valid and will be tested to determine the criteria of practicality and effectiveness. 

The trial test of model book prototype that had been prepared was implemented in three primary schools 
around coffee plantation of south Garahan Jember, especially for the fifth grade students. The reason for selecting 
fifth grade students because the fifth grade students have been studying the material about the circumference 
and area of two-dimensional figure, farming, and planting. In addition, students have started to understand the 
stages of planting coffee in their environment. Hence, it is expected that students are able to have a more 
critical ability in solving problems related to coffee in their environment. Math-science exemplar task given to 
the students and the assessment rubric is also attached to the students' books that are developed. The questions 
given contain knowledge of mathematics and science that students are asked to complete daily problems 
related to coffee farming. Those problems are as follows: 
 
Problem no. 1.  
Last week, Mr. Doni bought a garden to be used as a coffee plantation. The garden was square, and the area 
was one hectare. Inside of the park, there was a rectangular pool with the length of 20 meters and the width of 
10 meters. Inside of the park, there was also a paved road with the length of 100 meters and the width of 5 
meters. What is the area of the land in the park that can be planted with coffee?. Then the park will be planted 
with coffee plants with a distance of 5 meters between coffee plants. How many coffee plants that can be 
planted in the garden so that the area used can function optimally? 
Problem no. 2. 
1. Describe good cutting steps of the coffee plants! 
2. Describe good connecting steps of the coffee plant! Decide the amount of the optimal angle! 

There were 100 students in the fifth grade of primary school around the coffee plantation in south 
garahan Jember that were used as research subjects, and all the students did math science exemplars task. 
Before tested the application learning model of math-science based performance assessment, from the 100 
students, there were 82 students (82%) who had not completed the learning. All of the students as research 
subjects were students whose parents work or have a coffee plantation. However, there were 29 students who 
had never seen their parents when prolifirate coffee by cuttings or connecting. In addition, 29 students also 
had never followed his parents to the coffee plantations where their parents work. While 71 other students 
often followed their parents when making a connection or cutting the coffee. Thus, when students were given 
problems related to their coffee, they already understood. Therefore, the critical thinking of students were 
expected to appear even develop when students complete math science exemplars task. 

On the first cycle, it was obtained the data that there were 63 students. Students who belonged to a good 
level and passed the test were 45 students in apprentice level and 18 students in practitioner level. While 36 
other students were still in the novice level that some of them still had not been able to solve the problem 
properly with the reasons for each stage. Referring to the work result of 36 students classified as novice in 
solving the problem, the student was a student who had never seen his parents when they prolifirated the 
coffee. The student only wrote what it was known in the problem and only asked to other students about 
answer. The student did not do the right problem solving activity. 

This was different from 45 students belonging to the apprentice level and 18 students belonging to the 
practitioner level. Students belonging to those levels never saw good proliferation either cutting or connecting 
coffee rods that was done by their parents. Students were able to solve the problems given so that the level of 
63 students was higher than the other students. Critical thinking that appeared in 63 students was seen when 
the students determined the way to connect coffee rods. Students who had seen the process of connecting the 
coffee plant was able to write the phases of connecting in more detail, for instance, students wrote the age of 
coffee plant which could be connected as well as the angle cuts that would be joined with the trunk. 

On the second cycle, it was obtained the data that there were 78 students.  Students who belonged to a 
good level and pass were 48 students in apprentice level and 30 students in practitioner level. While 22 other 
students were still in the novice level. Based on the results of the first cycle and the second cycle, it could be 
concluded that the students’ critical thinking skills around the coffee plantation south Garahan Jember 
increased from 63 students to 78 students who passed the test. 
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Students belonging to apprentice level in the first cycle or second cycle, the tendencies of critical 
thinking were to write 1-2 correct steps that leads to solution, to write 1-2 reasons used in solving the problem 
properly and where the reason was obtained from the result of trial and error, to add the explanation in the 
form of 1-2 sentence related to the written answers, to design the sketch of rice fields to facilitate the 
calculation (but it is wrong), and to write mathematics and science statements correctly. While the students 
belonging to the practitioner level, the critical thinking tendencies was slightly different from apprentice level. 
The tendencies were the student was able to write all the steps correctly and produce a true solution, to write 
down every reason used based on the concepts of mathematics and science that were appropriate where the 
reason was systematically arranged, to add explanation in the form of a sentence on the answer that was 
written to explain the ideas contained, to design the sketch of rice fields to facilitate the calculation (correctly) 
and to write statements of mathematics and science correctly, and the obtained solution was also true. 

Based on the analysis result, it could be concluded that math-science exemplar task that was arranged 
can fulfil the criteria of practicality and effectiveness. This was because every student was able to solve the 
problems given and researchers can determine the level of each student clearly. In addition, there was the 
improvement of students' critical thinking skills from the first cycle to the second cycle. Therefore, the 
learning model that had been developed in this research fulfilled the valid, practical, and effective criteria. 
Hence, the learning model of math-science based on performance assessment for students in the coffee 
plantations could be implemented to schools around other coffee plantations either in Jember district or other 
districts in Indonesia with the requirement of having similar character of students’ thinking to the subject on 
this research. 

 
CONCLUSION 

Based on data analysis, there were 82% students with an unfavourable category before implementing the 
Math-Science learning model- based performance assessment and there were 63% students with a Good 
category on the first act and 78% students on the second act after implementing. Hence, there was an increase 
in the students’ critical thinking skills after implementing the Math-Science learning model-based 
performance assessment in the first act and the second act which reached high quality criteria with a reading 
of more than 2 on a scale of 4 from criteria valid and very valid. The conclusion of this research is the 
implementation of Math-Science learning model-based performance assessment can develop the critical 
thinking skills of primary school students in the coffee plantations area. 
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Abstract: Design science is a research paradigm where the development and evaluation of a technology artefact is a key 
contribution. Design science is used in many domains and this paper draws on those domains to formulate a generic 
structure for design science research suitable for educational technology research projects. The paper includes guidelines 
for writing proposals using the design science research methodology for educational technology research and presents a 
generic research report structure. The paper presents ethical issues to consider in design science research being conducted 
in educational settings and contributes guidelines for assessment when the research contribution involves the creation of 
a technology artefact.   
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INTRODUCTION 
 Research projects involving the design and development of technology artefacts are common in education. 
Education research often involves the creation and or trial of information and communications technology tools within 
the learning environment.   Opportunities for the use of an information technology artefact are identified and then a trial 
ensues to evaluate the use of the artefact in a particular situation.  Examples include the use of online systems such as 
Facebook and Moodle, or the inclusion of laptops and tablets within a classroom situation or the use of a particular 
software program to support learning mathematics or the use of technology tools to monitor student progress.  Often 
these studies include development of software or selection of hardware.  
 The motivation for this paper is to address two issues that arise for such projects.  The first issue is that these 
projects encompass both the social sciences and the artificial sciences.  Education research frequently focuses on social 
science projects, where clear guidance on research design is readily available. When a research project involves 
developing a technology artefact, to address a problem, the research project belongs in the realm of artificial science. 
Research design guidance is less readily available in artificial sciences, particularly for information technology research 
projects. The second issue is that research projects creating artefacts such as software must be designed, reported, and 
assessed as research projects. These projects must be clearly distinguishable from industry-based software, system or 
application development projects as typically performed in the Information Technology industry.  
 The overall issue that this paper addresses is: how education research involving the creation of an artefact, such as 
a software application, as a key contribution be rigorously designed, reported, and evaluated?  This paper demonstrates 
how the design science research paradigm provides a solution to this issue. The paper proposes a generic structure based 
on design science research, for technology artefact focused education research projects. Design science research is 
proposed as a suitable paradigm because it is commonly used in domains such as information and communications 
technology, information systems and engineering.  
 The use of design science research in information systems and information and communications technology 
research underpins this proposal that design science research is a useful methodology to consider in education research.  
This paper draws on design science research literature from the domain of information and communications technology 
and information systems to propose guidelines suitable for education design science research project proposals and 
reports. Ethical concerns for such projects are described. 
 
RESEARCH IN THE SCIENCES OF THE ARTIFICIAL 
 Research can be characterized as research in natural sciences, social sciences or sciences of the artificial. Natural 
science studies measurable criteria in the physical world with a view to describing, understanding and predicting the 
natural world .  Well established research methodologies in natural science are often referred to as the scientific method 
which is a group of techniques to investigate phenomena based on empirical and measurable evidence (Newton, 
Bernoulli, MacLaurin, & Euler, (1999) [1687, 1713, 1726]).  These techniques include observation and experimentation 
with many methods to ensure repeatability and quality assurance included in the processes.  Social science focusses on 
the study of human society and social relationships (Dictionaries).  Social science includes the majority of education 
research which often emphasizes quantitative and qualitative approaches, which may be combined into mixed methods 
research. This field is based on the foundations for different types of empirical research including scientific and 
positivist, naturalistic and interpretive, mixed methods (Cohen, Manion, & Morrison, 2013).  Both natural and social 
sciences explore phenomena that occur in the natural world, to develop descriptions, understandings and develop 
predictive theory. 
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 The field of design science research is concerned with the creation of the artificial.  It focuses on the creation of 
new artefacts to address issues and develop new opportunities and understandings “challenge what is, incite what could 
be, and help imagine a world that is not yet”   (Fine, 1994, p. 30).  It involves its own particular facets of the philosophy 
of science. These facets involve the purposeful creation of artefacts and the introduction of these artefacts into natural 
settings. Because these artefacts are both artificial and embody adaptive intent, the study of these artefacts is 
philosophically different from natural science and social science. Design science research appears to be more of a 
research paradigm than a research methodology (Iivari, 2014).  Design science research ranges across many academic 
disciplines such as architecture, engineering and information systems. It is a methodology utilized for research in many 
domains. It is acknowledged as a methodology which focuses on the “pragmatic creation and investigation of the 
artificial based on theory” (Chard & Strode, 2014) . A research methodology in the information systems discipline in 
which new knowledge is produced by the construction and evaluation of artefacts, broadly defined as software, 
composite systems of software, users and use processes, and information and communications technology related 
organisational methodologies and interventions. Key features distinguishing Design Science Research include the ability 
to explore new areas, utilizing constructivist rather than statistical methods, and the ability to build as well as test theory 
(Vaishnavi & Kuechler, 2015). 
 
DISTINGUISHING BETWEEN DESIGN RESEARCH APPROACHES 
 Applied research in education has aimed to improve educational practice. Cronbach and Suppes (1969) called this 
applied research decision-oriented research. With the introduction of the learning sciences in the 1990s, research oriented 
toward the creation and improvement of designs for educational practice gathered strength (Bereiter & Scardamalia, 
2015).  There are now a number of different research approaches, commonly used in education research, which use the 
term design.  These include Design Based Research, Design Experiments, and Design Research.  These are separate 
methods and although related are not Design Science Research. 
 Design Based Research, aims to solve existing real world problems experienced by practitioners by analysing the 
situations, designing and implementing interventions, then evaluating the outcomes to extend theories (DBR_Collective, 
2003).  Design based research involves introducing innovations into real world situations rather than constrained 
laboratory contexts and examining the impact of those designs on the learning process. Designed interventions may 
include instructional methods, software or materials.  The research findings are then iteratively cycled back into the next 
iteration of the research to produce new design innovations in order to build evidence of the particular theories being 
researched.  The aim is to use the research to positively impact practice and the diffusion of the innovation (Kelly, Lesh, 
& Baek, 2014). The Design Based Research Collective, posits that design-based research will assist educators to narrow 
the chasm between research and practice.  Part of the challenge is that research that is detached from practice “may not 
account for the influence of contexts, the emergent and complex nature of outcomes, and the incompleteness of 
knowledge about which factors are relevant for prediction” (DBR_Collective, 2003).  While there is an ongoing debate 
about what constitutes design-based research (Van den Akker, Gravemeijer, McKenney, & Nieveen, 2006), the definition 
of design-based research proposed by Wang and Hannafin (2005) captures its critical characteristics as  

“a systematic but flexible methodology aimed to improve educational practices through iterative analysis, design, 
development, and implementation, based on collaboration among researchers and practitioners in real-world settings, 
and leading to contextually-sensitive design principles and theories” (Wang & Hannafin, 2005, p. 6). 

 Joseph (2004)  has listed three important characteristics of design-based research.  First, design-based research 
creates opportunities for focusing on key questions, as in the case where a pilot study identifies a need for more intensive 
theorizing.  Secondly, design-based research supports design progress with both formal research backing and rapid 
prototyping for example solving certain problems without attempting to understand them deeply.  Thirdly, in design-
based research, emergent theory shapes research methods as well as design.  The conjoined goals of developing effective 
designs and contributing to basic understandings create, through their interactions, a powerful engine for driving 
innovative work in education (Joseph, 2004).  Design-based research is characterised as a unique enterprise by a 
commitment to understanding learning and instructional practice in authentic contexts and improving a program through 
iterative experimentation.  Most design based researchers study learning in rich contexts that can account for all the 
“messiness” that traditional laboratory studies seek to eliminate.  As such, design based research is a useful framework 
for educators studying learning in existing classrooms and who have the ability to tweak or improve these environments 
toward building a better theory of learning or instruction (Barab & Squire, 2004).   
 Design experiments, involve the design of an experiment with a control and a test group. Design experiments are 
pragmatic as well as theoretical.  Design experiments are used to study both the design of learning and the resulting 
environment of learning. This emphasis on function in a real world context applies for all design experiments even 
though they may be conducted in a diverse range of settings that vary in both type and scope. (Cobb, Confrey, Lehrer, & 
Schauble, 2003). 
Design research, is the systematic process of designing, developing and evaluating educational interventions, - such as 
programs, teaching-learning strategies and materials, products and systems, as solutions to practitioner problems.  It also 
aims at advancing knowledge about the characteristics of these interventions and the processes to design and develop 
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them. It is perceived as an approach suitable to address complex problems in educational practice for which no clear 
guidelines for solutions are available. (Van den Akker et al., 2006) 
 Design science research is proposed as a method suitable for research involving creation of an artefact as a major 
output.  Design science research is used in many disciplines including Engineering, Health Sciences, Computer Science, 
Management Sciences and Information systems.  It involves theory based design, creation of artefacts, positioning of 
these in a natural setting with evaluation of the artefact based on theory.  Although the various disciplines have somewhat 
differing perspectives on design science research they demonstrate a common theme that focuses on the practical creation 
of the artificial based on theory. This involves identifying problems and designing solutions following theory based 
design practices, the creation of an artefact, and the positioning of the artefact in a natural setting for evaluation.  
 Information systems and computer science each have their own interpretation of design science research. In 
information systems , design science research is common in European and Scandinavian countries and is the leading 
research paradigm in German speaking countries (Winter, 2008). Information systems design science literature 
commonly refers to Simon’s seminal “Sciences of the Artificial” (Hevner, March, Park, & Ram, 2004; March & Smith, 
1995; Simon, 1981). Hevner and Chattergee (2010) describe how design science research addresses wicked problems, 
and the relevancy gap between academic research and practitioner problems in information systems. 
Baskerville(Baskerville, 2008)) suggests design science research is a useful tool for information systems professionals 
seeking important design innovations. He encourages information systems academics to employ design science in their 
research, and teach design science research to graduate and undergraduate students to improve their capabilities. Further 
research focuses on the place of theory in design science research (Gregor & Jones, 2007). Several information systems 
authors identify the need to differentiate professional systems design from design science research. Hevner and 
Chatterjee (2010) propose that this difference is in the nature of the problems and their solutions, while others highlight 
the role of theory and evaluation. There is agreement, however, on the need to add to knowledge and that the knowledge 
should inform best practice. 
 In computer science, (Holz et al., 2006) list 54 research methods including design science. Research methods used 
in computer science include theoretical and experimental computer science, and modelling, although a large proportion 
of the computer science literature does not specify or define a formal research method. In this domain, examples of 
design science research are primarily found in artificial intelligence and human computer interaction research (Preston & 
Mehandjiev, 2004; Reinecke & Bernstein, 2013). 

Design science research among software engineering researchers generally seek better methods to develop and 
evaluate software. Software engineering is motivated by practical problems and attempt to solve these problems by 
creating and evaluating new techniques and procedures, or by developing analytical models (Shaw, 2003). Recent 
literature proposes using design science research in software engineering to promote collaboration between researchers 
and industry. Examples of collaboration successfully applying design science in software engineering are given by 
(Rodríguez, Kuvaja, & Oivo, 2014).  In this instance, the design science is described as a constructive research paradigm 
for developing innovative artefacts while creating new knowledge through the rigorous design and evaluation of the 
artefact. 

Design science is also proposed in other domains that inform information technology research. Engineering 
design science was proposed by Hubka in 1976, cited by (Eder, 2012) who proposed that its primary purpose is to clarify 
design processes and their underlying theories through the investigation of the product. This form of design research is 
conducted with scientific tools and described in formal and general terms. In management research, project management 
research, and medical research design science is used to develop knowledge for the design and realisation of artefacts 
(Murad, Schooley, Horan, & Abed, 2014; Van Aken & Romme, 2012). 

In summary, there is general agreement across many disciplines that design science research, focuses on the 
pragmatic creation and investigation of the artificial based on theory. This involves identifying and designing solutions to 
problems through theory based design, and the creation and positioning an artefact in a natural setting. In addition, design 
science research addresses design tasks faced by practitioners to develop understandings of what works and why it 
works, providing a useful tool for collaboration between multidisciplinary researchers, industry and academia.  
 
DESIGN SCIENCE RESEARCH IN EDUCATION TECHNOLOGY RESEARCH PROJECTS 
 Education research projects involving the design and creation of technology artefacts and or the trial of 
information and Communications technology tools within the learning to evaluate the use of the artefact/tool in a 
particular situation are particularly suited to the use of the design science research methods.  These research projects 
create artefacts such as software, and must be designed, evaluated, and reported as research projects. These projects must 
be clearly distinguishable from industry based software selection, systems and application development projects as are 
typically performed in the Information Technology industry. Design science research is proposed as a suitable paradigm 
to provide a solution to this issue.   
 The following three tables present guidelines for the evaluation of research proposals, structure of reports and a 
summary of ethical considerations derived from the literature on design science research discussed above.  Table 1 
outlines a generic process to evaluate a research proposal for, technology artefact focused, education research projects to 
ensure they will be rigorously designed, reported, and evaluated based on design science research methods.  This has 
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been adapted from work in information systems design science research (Chard & Strode, 2014; Hevner et al., 2004; 
March & Smith, 1995; Meyers & Venable, 2014).    
 

Table 1. Guidelines to ensure a sound basis for design science research projects 
Guideline Question /Test 
Design as an artefact What type of artefact(s) will be created? 
Problem relevance To whom and why is the artefact relevant? 
Design evaluation What are the evaluation methods to determine utility, quality, and efficacy of 

the design artefact? 
Research contributions What are the clear and verifiable research contributions? 
Research rigor Does the research rely on the application of rigorous methods in both the 

construction and evaluation of the design artefact? 
Design as a search 
process 

How is the artefact defined to be good, useful, or valuable? When does the 
iterative research process end? 

Communication of 
research 

How will the research be presented to the audience for whom it is intended? 

Ethical considerations What ethical implications does this research have for current stakeholders and 
future users of the artefact 

 
Table 2. Research report structure for design science research projects 

Chapter Contents 
Introduction Problem definition/significance/motivation, introduction to key concepts, 

research questions, goals of the artefact developed, overview of methods, 
theoretical and practical significance, structure of remainder of the report. 

Related literature Prior work that is relevant to the study, including existing knowledge and 
theories relating to the class of problems to be addressed, research studies, 
and findings and reports from practice.  

Method The specific design science research approach that was employed with 
reference to existing authorities.  A description of the process of creating the 
artefact. Description of the evaluation strategy, including evaluation criteria. 

Artefact description A concise and complete description of the artefact. This description must be at 
an appropriate level of abstraction so it is clear how the artefact contributes to 
the knowledge base. 

Evaluation and 
discussion 

Evidence that the artefact is useful. The results of the evaluation must 
demonstrate its worth with evidence addressing the pre-specified evaluation 
criteria. Interpretation of the results: what the results mean and how they 
relate back to the objectives stated in the Introduction section and the 
knowledge and theories discussed in the Literature review sections.  

Conclusion  Restate what was done. Restate the important findings and contributions of 
the research, and why they are important. 

 
 

Table 3. Ethical Principles for Design Science Research Projects 
Area Principle 
Public interest  Explicitly identify stakeholders, affected by the artefact. Critically evaluate 

benefits and harm the artefact might cause, particularly to the learners. 
Informed consent  Obtain consent from all people involved in the research. 
Privacy  Protect the privacy of those involved in the research project and also those 

who will use the artefact in the future.  
Honesty and accuracy  Do not plagiarize ideas and acknowledge inspiration from all sources. Report 

research findings honestly.  
Property  Agree on ownership of IP, ownership of information, and rights to publish the 

research at the beginning of the project.
Quality of the artefact  Identify risk, and evaluate and test the artifact appropriately to ensure safety 

in use. 
 

Table 2 proposes a report structure for a design science research report. This structure is based on a publication 
schema for design science research journal articles, published in an editorial to guide researchers submitting design 
science articles (Gregor & Hevner, 2013).  It has been adapted based on recommendations and feedback from other 
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authors (Chard & Lloyd, 2014; Chard & Strode, 2014; Pries-Heje, Baskerville, & Venable, 2008).  This structure 
encompasses the major sections usually found in social science and natural science research reports, while also including 
sections for a comprehensive description of the artefact created and its evaluation.  The description of the artefact needs 
to be sound and comprehensive so that future researchers and practitioners can build on the research. Lastly the structure 
ensures that the contributions to praxis and knowledge are conveyed.   

Table 3 highlights the ethical implications involved in design science research.  These exist even when no 
research participants are directly involved. Ethical implications arise because information technology artefacts have the 
potential to contribute both positively and negatively to human society. The researcher should be aware of these issues 
and address them appropriately. Researchers in information systems research provide extensive discussion of ethical 
issues in design science research. The ethical principles presented in Table 3 are based on those identified for design 
science research by Meyers and Venable (2014). 
 
CONCLUSION 

This paper proposes that the design science research paradigm is a suitable method to for education research 
where an information and communications technology artefact is designed and created as a central part of the research 
process. A similar in structure to that used in the Information and Communications Technology domain has been 
proposed. This paper has presented general guidelines for research proposals and a generic research report structure 
suitable for such projects. Ethical principles have been presented as technology artefacts have considerations for design 
science research projects are embedded within the proposal guidelines and report structure. 
 
REFERENCES 
Barab, S. A., & Squire, K. D. (2004). Design-Based Research: Putting a Stake in the Ground. Journal of Learning 

Sciences, 13(1), 1-14.  
Baskerville, R. (2008). What design science is not. European Journal of Information Systems, 17, 441-443.  
Bereiter, C., & Scardamalia, M. (2015). Qwerty and the International Knowledge Building Design Community. Qwerty-

Open and Interdisciplinary Journal of Technology, Culture and Education, 10(1), 29-36.  
Chard, S. M., & Lloyd, B. (2014). The evolution of information technology Capstone projects into research projects. 

Paper presented at the Proceedings of the 15th Annual Conference on Information technology education. 
Chard, S. M., & Strode, D. E. (2014). A proposal for using design science in small-scale postgraduate research projects 

in information technology. Paper presented at the Teaching, Assessment and Learning (TALE), 2014 
International Conference on. 

Cobb, P., Confrey, J., Lehrer, R., & Schauble, L. (2003). Design experiments in educational research. Educational 
Researcher, 32(1), 9-13.  

Cohen, L., Manion, L., & Morrison, K. (2013). Research methods in education: Routledge. 
Cronbach, L. J., & Suppes, P. (1969). Research for tomorrow's schools: Disciplined inquiry for education.  
DBR_Collective. (2003). Design-based research: An emerging paradigm for educational inquiry. Educational 

Researcher, 32(1), 5-5.  
Dictionaries, O. "natural science". Oxford Dictionaries: Oxford University Press. 
Dictionaries, O. "social science". Oxford Dictionaries: Oxford University Press. 
Eder, W. E. (2012). Comparison of several design theories and methods with the legacy of Vladimir Hubka. Private 

publication (74 pages) available from eder_e@ kos. net, submitted for web-site of The Design Society, www. 
designsociety. org.  

Fine, M. (1994). Dis-stance and other stances: Negotiations of power inside feminist research. Power and method: 
Political activism and educational research, 13-35.  

Gregor, S., & Hevner, A. R. (2013). Positioning and presenting design science research for maximum impact. MIS 
Quarterly, 37(2), 337-355.  

Gregor, S., & Jones, D. (2007). The anatomy of a design theory. Journal of the Association for Information Systems, 
8(5), 312-335.  

Hevner, A. R., & Chatterjee, S. (2010). Design research in information systems Integrated series in information systems 
22: Springer Science+Business Media, LLC. 

Hevner, A. R., March, S. T., Park, J., & Ram, S. (2004). Design science in information systems research. MIS Quarterly, 
28(1), 75-105.  

Holz, H. J., Applin, A., Haberman, B., Joyce, D., Purchase, H., & Reed, C. (2006). Research Methods in Computing: 
What are they, and how should we teach them? Paper presented at the ACM SIGCSE Bulletin. 

Iivari, J. (2014). Distinguishing and contrasting two strategies for design science. European Journal of Information 
Systems, 1-9. doi:http://dx.doi.org/10.1057/ejis.2013.35 

Joseph, D. (2004). The practice of design-based research: Uncovering the interplay between design, research, and the 
real-world context. Educational Psychologist, 39(4), 235-242.  

Kelly, A. E., Lesh, R. A., & Baek, J. Y. (2014). Handbook of design research methods in education: Innovations in 
science, technology, engineering, and mathematics learning and teaching: Routledge. 

366



March, S. T., & Smith, G. F. (1995). Design and natural science research on information technology. Decision support 
systems, 15, 251-266.  

Meyers, M. D., & Venable, J. R. (2014). A set of ethical principles for design science research in information systems. 
Information and Management, 51, 801-809.  

Murad, A., Schooley, B., Horan, T., & Abed, Y. (2014). Enabling patient Information Handoff from Pre-hospital 
Transport Providers to Hospital Emergency Departments: Design-Science Approach to Field Testing 
Proceedings of the 47th Hawaii International Conference on System Sciences (HICSS) (pp. 2665-2674): IEEE. 

Newton, I., Bernoulli, D., MacLaurin, C., & Euler, L. ((1999) [1687, 1713, 1726]). Philosophiae naturalis principia 
mathematica (I. B. Cohen & A. Whitman, Trans. Third edition ed. Vol. 1). From , 974 pages: University of 
California Press. 

Preston, M., & Mehandjiev, N. (2004). A framework for classifying intelligent design theories. Paper presented at the 
Proceedings of the 2004 ACM workshop on Interdisciplinary software engineering research. 

Pries-Heje, J., Baskerville, R., & Venable, J. R. (2008). Strategies for design science research evaluation Proceedings of 
the European Conference on Information Systems, ECIS 2008. Paper 87. 

Reinecke, K., & Bernstein, A. (2013). Knowing What a User Likes: A Design Science Ap-proach to Interfaces that 
Automatically Adapt to Culture. MIS Quarterly, 37(2), 427-453.  

Rodríguez, P., Kuvaja, P., & Oivo, M. (2014). Lessons learned on applying design science for bridging the collaboration 
gap between industry and academia in empirical software engineering Proceedings of the 2nd International 
Workshop on Conducting Empirical Studies in Industry (pp. 9-14): ACM. 

Shaw, M. (2003). Writing good software engineering research papers: Minitutorial Proceedings of the 25th International 
Conference on Software Engineering (pp. 726-736): IEEE Computer Society. 

Simon, H. A. (1981). The sciences of the artificial. Cambridge, MA: MIT Press. 
Vaishnavi, V. K., & Kuechler, W. (2015). Design science research methods and patterns: innovating information and 

communication technology: Crc Press. 
Van Aken, J. E., & Romme, A. G. L. (2012). A design science approach to evidence-based management The Oxford 

Handbook of Evidence-Based Management (pp. 43-61). 
Van den Akker, J., Gravemeijer, K., McKenney, S., & Nieveen, N. (2006). Introducing educational design research. 

Educational design research, 1, 3-7.  
Wang, F., & Hannafin, M. J. (2005). Design-based research and technology-enhanced learning environments. 

Educational technology research and development, 53(4), 5-23.  
Winter, R. (2008). Design science research in Europe. European Journal of Information Systems, 470-475.  

 
  

367



VALIDATION OF LECTORA BASED INTERACTIVE MODULE TO 
IMPROVE THE ABILITY OF JUNIOR HIGH SCHOOL STUDENTS 

APATIAL IN LEARNING GEOMETRY 
 

Tika Septia, Merina Pratiwi, Sofia Edriati 
 STKIP PGRI West Sumatera 

E-mail: tikaseptia2589@gmail.com 
 
Abstract: Rapid technological developments provide opportunities for educators to develop learning media through 
interactive modules integrated into lectora software. The development of an interactive module based on lectora can 
motivate students to learn independently, to be creative, and to enjoy what they are doing. Research into the development 
of an interactive module based on lectora geometry flat side material aimed to develop an interactive module based on 
lectora geometry flat side material, with the research design consisting of analysis, design, development, implementation, 
and evaluation of the module. The result obtained from the use of an interactive module based on lectora geometry flat 
side material that had been designed and validated and later revised showed an average value of the feasibility of content 
to be 3.75, the average value of the aspects of presentation was 2.94, the average value aspects  of  language  was  3.06,  
and  the  average  value  of  the  aspects  of  graph  was  2.86. This research enabled us to conclude that an interactive 
module based on lectora geometry flat side material could be categorized as valid. 
 
Keywords: Interactive module, Lectora, Geometry flat side 
 
INTRODUCTION 
 

Mathematics is the science consists of several sub fields of study such as geometry and measurement. Geometry 
flat-side space is part of the geometry and measurement. According to grace (2007: 3) "Geometry is the study of the set 
of points in space". Based on the definition, It can be said “geometry is science to constitute the subjects learn everything 
has the form.Sobel and friends (2002:153) stated "the geometry is a subject which is rich in material that can be used to 
motivate and attract the attention and imagination of the disciples ". Subject of geometry in the form of an abstract should 
ideally be able to motivate and attract the attention of students in learning. But this abstract Nature can lead to 
difficultness of students to understand the material. One of the reasons is a weak understanding of spatial. Students 
associated with the image of three dimensional objects are presented in a two-dimensional medium. It makes the students 
feel less interested and bored. According to Rabab'h and Veloo (2000: 7) "A mediating effect of spatial visualization was 
also found between motivation and mathematics achievement. It was possible that having high spatial visualization 
ability encourages students and motivates them to enhance academic achievement ". Therefore, it is required a medium 
of learning that are able to increase the appeal for students so they can increase motivation and understanding on spatial 
material. 

The use of instruction media can help student’s learning process can turn to improve the results of the study. One 
of the learning media is an interactive module. Learning to use the interactive module is expected to motivate students to 
learn independently, creative, effective and efficient. The learning process is done by teachers during face to face 
methods (lectures) that cause students to become saturated and tired. It can make the motivation of students decreased. 
The use of the interactive module is expected to reduce the saturation of students in learning. As expressed by Yılmaz 
(2014:614) "If technology is to be integrated with the classes, it is particularly significant to firstly determine of the 
teachers who have relation in technology and to ensure they are given learning experiences, which enable them to change 
these believes in a positive way". 

Interactive modules can be made through Web applications Blog, Macromedia flash, Lectora, and Inspire others 
who belong into edutainment i.e. blend of education (education) and entertainment (Entertainment). A software focused 
on the world of education is Lectora Inspire. This software is designed to Trivantis artificial creation of learning content 
(Learning Content Creator). Lectora Inspire Program has a complete feature because it is equipped with video, audio, 
animation and images, students can learn more fun. Advantages of using Lectora teaching system is learning can be more 
interesting, capable of linking between texts, audio, music, animated images or video. It can increase student’s 
motivation and being able to visualize the difficult material. 

Santyasa (2009:12) stated that development of a module should follow this steps: 1) The objectives analysis and 
characterizing the content field of study, 2) Learning resources analysis, 3) Characterizing students, 4) Learning goals, 5) 
Organizing learning content, 6) Seting out the content of learning, and 7) Seting out the learning management strategies. 
Preparation of a module includes  (1)  General description of the modules, (2) General objectives of learning, and (3) 
Specific learning goals; The section contains learning activities (a) the description of the learning contents, (b) Summary 
of tests, (c) answer keys,(d) feedback; and will becoming  with a Bibliography (Santyasa, 2010-10:16). This research 
aims to produce an interactive module based on Lectora for material geometry flat-Space. 
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RESEARCH METHODOLOGY 
 Research procedure of using this ADDIE model (Analyze, Design, Develop, Implement and Evaluation). Step-
by-step design model ADDIE i.e. analysis, design, development, implementation, evaluation (Maribe, 2009:11). Analysis 
stage is performed in order to see the image of the conditions in the field related to the teaching and learning process. The 
process will analyze the syllabus, analyzing the text books, and interviews with teachers and students. Data analysis 
results are evaluated to do further development. The stage design was done in order to design the interactive module 
based Lectora. Evaluation of the interactive module - based Lectora to approve the draft modules. Accordance with the 
results of this stage. At this stage, develop actions taken was the creation and validation of interactive modules based 
upon the design of Lectora was created. The evaluation was conducted in order to get the module-based interactive valid 
lectora. Aspects that validated is the aspect of material, presentation, and linguistic. Instruments used to be measure the 
degree of validity is sheet validation using the Likert scale. 
 
RESULT AND DISCUSSION 

Based on the results of the interviews about spatial ability of students on the material side of the Geometry-space. 
Students tended to recite the formulas used on geometry flat-sided material, such as the formula to calculate the length of 
the diagonal spaces, surface area and space volume. The use of a textbook is still lacking. Students only receive 
information from teachers. According to Sobel and friends (2002:153) geometry is a great subject that can be used to 
motivate, attract the attention and imagination of students. The methods used in teaching. Teachers still limited to face-
to-face activities by way of explaining the matter, provide examples, and exercises so that students are less motivated and 
not trained in imagined geometrical space. Teachers also had never written materials that can assist students in 
visualizing the elements of geometrical spaces and its properties. 

Development of interactive modules designed to facilitate limitations in the learning process. The use of Lectora 
as media in the presentation of the material can give you the look of spatial animation interesting and can motivate 
students in learning. So that spatial ability students has also increased. According to the teachers and students, the 
interactive module based Lectora is very interesting. It can be used by students for independent study. Syllabus analysis 
conducted to see the suitability between the competencies of learning material achieved by students. The basic 
competency geometry flat-side spaces material is to understand the elements and forms of nets-nets of the cube, beams, 
Prism, and pyramid as well as determine the surface area and the volume of the cube, beams, Prism, and pyramid. 

The results analysis of the syllabus, the material presented in the syllabus is in compliance with the competence to 
be achieved students. The order of the material also suitable as material begins with an introduction to the elements, net, 
then proceeded by calculating the surface area and volume. Analysis of several text books geometry flat-side spaces 
available aims to look at the suitability of the content of the book, the way of presentation, examples, and exercises with 
the syllabus of courses. The reference book used is some textbook 8th grade math. The material exists on the books 
already includes the competencies to be achieved students. The presentation of geometrical material accordance with the 
syllabus. However, there is a difference in the sequence of presentation on some of the book. In this case, the books 
shows logic presentation of the material. The order of presentation of the material in the module also adapted the syllabus 
and textbooks. 

Manufacture of prototype interactive modules based on Lectora starts with designing a flowchart and storyboard 
interactive modules. Based on the flowchart designed, developed the interactive storyboards module-based Lectora. The 
order of presentation of the material, starting from the material thoroughly discussing the cube, the elements, net, the 
surface area and volume. Any form of geometrical thoroughly discussed new space continued with the shape of other 
spaces namely beams waking, Prism, and pyramid. 
Initial display module presents home, usage instructions, and a menu that lists a selection of material that would like to 
be studied by students. The beginning of each subsection starts with the presentation of the subject matter competency 
and learning product indicators. After the presentation of the contents there are exercises. At the end of a module, there 
are evaluation for students that contains a collection of problems such as the exercise subjects all of Deuteronomy. 

Prototype interactive modules based lectora organized in the storyboard that has been designed. An early 
appearance in the form of an interactive module title slide. From the slide beginning students are led to begin studying 
the module by clicking on the "start" button on the slide. Initial display can be seen in Figure 1. 
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Figure 1. Openers Slide Interactive Module 

The button "start" connecting students with the next slide that contains the main menu as shown in Figure 2. 

 
Figure 2. Slide The Display Main Menu 

Display main menu created is not mutually bound between sub subject. Students can just open the menu of Prism 
or exercise without having to follow the road map that was created. However this map aims to inform and direct the 
students sequence the material to be studied. Starting from the cube button, students can improve understanding of 
concepts with practice working on problems on the exercise. Lastly, students were given an evaluation form of exercise 
all subjects. 

Early design prototypes underwent several times the improvement of content and display. One of the 
improvements made on some of the slides have not been connected with a hyperlink so that the slide keep changing even 
though you click next or previous buttons instead. After the prototype module revised based on the evaluation carried out 
by the research team, followed a review by experts. Expert conducted to evaluate the revised module in accordance with 
the results of the self-evaluation. This expert review aims to look at the validity of the module so that the interactive 
module based on Lectora acquired a valid Lectora. Expert review of data collected through sheets of validation and 
suggestions submitted oral or writing. There are two types of data at this stage of the review of these experts, namely data 
advice from experts to repair the module and data validity of the modules based on the assessment of the experts. 
Analysis of prototype revision done and until obtained a valid module according to experts. Some suggestions and 
revisions undertaken is presented as follows. 

Each slide contains competencies or learning product and always accompanied by indicators. According to 
experts, the displayed indicators must be tailored to the subject matter of the sub. For example on the matter of pyramid, 
one charge indicators will is "identify elements of limas". Because the indicators are just a repeat of the competency it is 
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advisable to replace it with learning experiences so that students get to know the experience of what they can get from 
studying the limas. Revision undertaken was presented in Figure 3. 

 
Figure 3. The Revised Presentation Of Indicators 

Input and suggestions are also much given in the presentation of the material, examples, and exercises. One of the 
suggestions related to the content can be seen in Figure 4. 

 
Figure 4. The Presentation Of The Material Of The Diagonal Spaces 

 
Definition of diagonal space provided is incomplete. Should the definition of the space diagonal is a line segment that 
connects two vertices that are dealing lies not in one field in the cube. Experts also suggested to give the phrase "look at 
the pictures ..." on each image displayed to direct students in seeing the interconnectedness of the contents of the image. 
The next advice is given on material net of beams such as in Figure 5. 
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Figure 5. Presentation material of nets Beams prior to Revision 

The material on the net, the students can see the animation of the nets-nets which turns into the form of 
geometrical the requested space, e.g. beams. When the picture changed form, there is no description or information that 
appears on the changes that have occurred. According to experts, should be given information on the bottom of the image 
when the animation is executed. In Figure 6 can be seen more clearly the advice given. 

 
Figure 6. The revised presentation of Material Nets of beams 

Advice was given in making sentence reserved. According to Experts of the geometry, the editor reserved the essay with 
a question of objective (multiple choice) is not the same. In General, the phrase used is a matter of sentence questions for 
essay-shaped as in Figure 7. 

 
Figure 7. Reserved Material exercises on Prism 

Based on Figure 10, sentences reserved modified and adapted to the shape of the matter objectively. Revision 
problem will be replacing the phrase the question becomes "From the pictures below, which is not a net-net triangle 
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prism is. ..". In addition to the advice provided, the validator is also assessing the revised product based on these 
suggestions. Data assessment results (validity) module sheet is obtained through validation. The given assessment 
includes four aspects, namely the presentation of the material, the appropriateness of content, linguistic, and aspects of 
the graph. The validity of each of these aspects can be seen in Table 1. 

Table 1. The Validity Of Interactive Modules 

Aspects that are Assessed 
Validator 

I Criteria II Criteria  

Eligibility of contents 3,63 valid 3,88 valid 
Presentation of the material 3,56 valid 3,89 valid 
Linguistic 4,00 valid 3,80 valid 
Graphic 3,89 valid 3,89 valid 
Average  3,77 valid 3,86 valid 
 

Feasibility aspect of indicators content, suitability of the content to the curriculum, basic competence, relevance to 
the material 8th grade Junior High School students, as well as conformity with face-to-face learning and distance. Based 
on the results of validation experts can be seen that the appropriateness of the content of the textbook developed already 
valid in terms of contents and invalid constructs. Thus, content, examples, exercises, and evaluation are already worthy 
of being used as learning geometry flat-side materials. 

The presentation of the material includes techniques in presenting the material, systematics, and clarity in 
presenting the material. The presentation of the material in the module is already compiled in a systematic, clear and 
complete. The presentation of the material in the module have been appropriate (relevant) with the textbook theory i.e. 
the instructions of learning, competencies will be achieved, supporting information, training, and evaluation (Majid, 
2008:174). Thus, the presentation of materials textbook already valid in terms of contents (relevance). Linguistic aspect 
of indicators include the readability of conformity with the Indonesian Language rule is good and right, and the logic of 
language. According to the experts, the linguistic aspects of the module that was developed already valid in the contents 
and invalid constructs. The interactive module is already using the language and terms that are easily understood. 
Sentences and grammar used is in compliance with the rules of Indonesian Language. 

Graphic aspects of indicators includes media display quality and appeal. Display module based on lectora 
accompanied the attractive animation and assist students in visualizing the material. The results of the validation of the 
module-based interactive lectora already has a validity of invalid constructs in terms of content and appropriateness of 
content, presentation material, language and graphic. This means the modules are qualified to be used as learning 
materials for students on the geometry flat side. Interactive modules based on lectora developed already contains a lesson 
learned, competencies will be achieved, training, and evaluation. In accordance with the opinion of the Majid (2008:174) 
stating that a textbook covers, among others, lesson learned, competencies will be achieved, supporting information, 
exercises, work instructions can be a work sheet, and evaluation. Thus, the presentation of materials textbook developed 
already valid in terms of contents (relevance). The module was developed already compiled systematically so that 
created an atmosphere that lets students learn well. 

Interactive modules organized in special organization that facilitate the teaching-learning process and 
advancements in contrast to organizing the books in print. Organizing textbook has three main characteristics, namely 1) 
lessons are organized and structured in subjects subcategories; 2) content learning (information, description, comments, 
exercises, and evaluation) is served on a regular basis; and 3) there is a systematic learning progress that leads to new 
knowledge acquisition and learning of new concepts based on the knowledge that items have been known (Seguin 
1990:18).The results of the validation of the module as seen from the contents and validity of invalid constructs four 
aspects that are assessed, obtained valid categories. That is, in content, the material presented in the module is in 
compliance with the material to be learned students to acquire the learning product. Invalid constructs, the material 
presented in the module can direct students in attaining the expected competency. 
 
CONCLUSION 

Interactive modules based on Lectora developed intended as alternative learning resource for students in 
understanding the geometry flat-side material so that it can improve the ability of spatial. Based on the results of data 
analysis and discussion has been done, the conclusion that the interactive module based on Lectora already has content 
validity (relevance) and invalid constructs (consistency).Based on the results of the development is done, this part is 
presented some suggestions are: 1) the interactive module based on Lectora can serve as an alternative source of learning 
in learning activities at school, 2) module was developed only on geometry flat side material, teachers or researchers can 
use Lectora as media in developing learning materials with a range of material that is wider or different disciplines , 3) 
this module can be used by teachers as a learning materials in a learning process that uses model blended learning. 
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Abstract: The advances of modern biotechnology provide teachers with a number of opportunities to explore socio-
scientific issues, and in doing so to enhance students’ reasoning skills. Although some attempt has been made to 
understand cultural differences in students’ informal reasoning across international and regional boundaries, there is 
limited research about the differences that exist between students who identify with a Christian worldview and those 
students who do not. To investigate the role that students’ religious beliefs played in their informal reasoning about 
biotechnology issues regarding GM food, genetic screening, therapeutic cloning and reproductive cloning, the written 
responses of 101 students identified as accepting a Christian worldview was compared with 21 students who did not 
identify with a Christian worldview. Using a qualitative approach, the students’ responses to these issues were analysed 
to identify the modes of informal reasoning incorporated in the justification of their views about the technology. It was 
shown that students with a higher degree of religious belief demonstrated less use of rational reasoning and a greater 
reliance on intuitive reasoning in their responses to socio-scientific issues when compared with their less religious peers. 
The findings highlight the need for initiatives that will develop students’ rational and emotive reasoning and encourage 
them to acknowledge the presuppositions of their belief system and how these influence their attitudes towards 
controversial issues in science.  
 
Key words: Biotechnology, Informal reasoning, Christian worldview, Socio-scientific Issues 
 
 
Introduction 
 In recent years there has been an inclusion in the Australian secondary school science curricula of issues that arise 
from science that are considered controversial in nature. Examples from the junior science curriculum, which can be 
found at the Australian National Curriculum website, australiacurriculum.edu.au, calls for students to examine how,  

Advances in science and emerging sciences and technologies can significantly affect people’s lives. … [while] 
investigating the applications of gene technologies such as gene therapy and genetic engineering (ACARA, n.d. 
Content Descriptions - ACSHE195). 

The Australian Science Curriculum identifies the need for students to understand the combined role of science, ethical, 
economic and social arguments in the decisions regarding personal and community issues (ACARA, n.d. Content 
Descriptions - ACSIS206). An appreciation that science needs to be studied within a social context was becoming 
evident in 1971 when (Gallagher, 1971) commented that. 

For future citizens in a democratic society, understanding the interrelationships of science, technology and society 
may be as important as understanding the concepts and processes of science. (p 337) 

Recognition that science needs to be placed within a broader social context gave birth to the Science, Technology and 
Society movement as a pedagogical strategy addressing the science and society interface. More recently, a fresh 
framework for exploring the interplay between science and societal issues, the Socio-scientific (SSI) movement, has been 
developed centring on students’ personal, cognitive and moral development. Socio-scientific issues are broadly defined 
in the literature as socially relevant issues, often associated with controversy and social debate, which result from the 
products or the processes of science. (Fleming, 1986; Kolstø, 2001; Sadler & Zeidler, 2004, 2005). 
 Because Socio-scientific issues are controversial in their nature they are often difficult for students to resolve. The 
thinking that a student does in an attempt to resolve such issues is termed informal reasoning and incorporates both the 
cognitive and affective processes used by the students (Means & Voss, 1996; Sadler & Zeidler, 2005; Zeidler, Sadler, 
Simmons, & Howes, 2005). Sadler and Zeidler (2005a) identified three patterns of informal reasoning that individuals 
utilise in their attempt to resolve these issues: 

1. Rationalistic reasoning: utilising reason based considerations. 
2. Emotive reasoning: utilising empathy- and sympathy-based considerations. 
3. Intuitive reasoning: unexplainable immediate reactions. 

The use of informal reasoning by students represents an important aspect of students’ decision-making process about SSI 
(Kuhn, 1993), and consequentially the classroom discourse that takes place regarding SSI.  

Science educators have highlighted that the development of students’ scientific literacy would benefit from in-
depth interactions between students from a range of cultural viewpoints (Aikenhead, 1985; Driver, Newton, & Osborne, 
2000; Vellom & Anderson, 1999; Zeidler, 1984; Zeidler, Lederman, & Taylor, 1992).  A small number of studies have 
examined students’ informal reasoning through different cultural lenses: Topçu’s study involving Turkish pre-service 
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science teachers (Topçu, Yılmaz, & Sadler, 2011), a study from Taiwan involving high school students (Wu & Tsai, 
2007), two Australian studies also involving high school students (Dawson & Venville, 2009; Yap, 2012), and an 
American study (Sadler & Zeidler, 2005) involving college students. However, cultural diversity also exists within a 
school setting and one of the more obvious differences amongst secondary students is religious identity. Despite a 
comprehensive search of the available literature, no studies that compared the informal reasoning of students from the 
cultural perspective of the Christian faith have been identified. It is anticipated that an understanding of how the religious 
beliefs of students impact on their informal reasoning will contribute to the growing field of research that will enable 
teachers to be better prepared for discussions about Socio-scientific issues in their classroom. 
 
METHOD 

To discern the differences in patterns of informal reasoning between students with differing religious worldviews, 
data was collected from Australian senior secondary students from three faith-based schools. Students were requested to 
complete the Christian World View Scale (CWS) and respond to four biotechnology issues as part of a larger study on 
students’ attitudes towards biotechnology. The CWS is a comprehensive assessment of the student’s religious belief that 
incorporated aspects about core doctrinal beliefs (orthodoxy), religious behaviour, and scriptural literalism as a proxy for 
Christian fundamentalism. Data collected from the CWS was used to differentiate students into low and high levels of 
religious belief. Those students who scored midway on the CWS were removed from the sample to provide a clearer 
distinction between the two groups, resulting in a total sample of 122 students consisting of 21 with a low level of 
religious belief and 101 with a high level of religious belief as described by Pope (2014). 

In a separate section of the questionnaire students were asked to state whether they agreed or disagreed with the 
use of four separate biotechnologies and to list the reasons for their decision, the questions are reported in full in 
appendix A. The four applications of biotechnology, presented as ethical dilemmas, were used to explore the students’ 
informal reasoning about Genetically Modified Food (GM Food), Pre-implantation Genetic Screening (PGS), 
Therapeutic Cloning (T. Clone), and Reproductive Cloning (R. Clone). Each of these questions is associated with 
complex social and scientific issues and none have simple answers that can be approached in a purely deductive manner. 
Instead, these four ethical dilemmas require students to utilise informal reasoning as they come to a decision about their 
personal stance on each of these Socio-scientific issues.  
 
Analysis 
 To examine how the acceptance of a Christian religious belief may affect students’ informal reasoning, the written 
responses to the ethical dilemmas were analysed and coded according to the type of informal reasoning identified. For 
the purpose of this study, a ‘statement’ referred to one sentence or phrase made by the student that was identified and 
coded as rational, emotive, or intuitive. A ‘comment’ refers to a student’s complete answer to one ethical dilemma and 
the term ‘response’ is used to describe all of the written material made by a student. Because some students did not 
complete all sections of the survey, the students’ responses ranged from one to four comments. 

The total number of comments provided by the 122 students was 423, which included 75 comments from 21 
students with a low level of religious belief and 348 comments from students with a high level of religious belief. The 
statements for each student were coded according to the mode of informal reasoning identified and reviewed by 
researcher familiar with Sadler and Zeidler’s (2005) patterns of informal reasoning. No significant discrepancies were 
found between the two researchers’ codification of the statements, with any minor differences being resolved upon 
discussion. Table 5.1 summarises the three modes of informal reasoning, along with an example from the questionnaire 
transcripts with the student’s identification.  

Table 1. Description and Exemplars for Each Mode of Informal Reasoning 
Informal 
Reasoning 

Description 

 
Examples 

Rational “Logical, uses scientific understanding and 
language, weighs up risks and benefits, 
advantages and disadvantages” 

The over-reliance on insecticides 
nowadays will increase the 
insects’ resistance and cause 
future repercussions, as well as 
allowing chemical corporates [sic] 
to take more money out of hard-
working farmers for 
fertilisers/chemicals. (167) 
 

Emotive “Emotional response towards stakeholders, 
care, empathy, sympathy, concern for the 
plight of those affected” 

Parents would be glad to have a 
child. But the child might think 
differently if it knew that he/she 
was born not from their parents 
but their clones.  (154) 
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Intuitive “Gut feeling, immediate response, strongly 

held, often a negative response, personal, 
often precedes rational or emotive” 

I wouldn’t do it still because it 
[cloning] is wrong. (175) 

Note. a From Dawson and Venville (2009, p. 1431) 

 
An in-depth description of how statements were coded as rational, emotive, or intuitive is provided to ensure a clear 
understanding of what the three modes of informal reasoning represent. Student comments are labelled with a ‘R’, ‘E’ or 
‘I’ to identify the mode of informal reasoning used, along with the identification code of student.  
Rationalistic Informal Reasoning 
 Statements coded as rational informal reasoning often incorporated scientific knowledge and weighed up risks and 
benefits. The following statements demonstrate the use of scientific knowledge and language used by students when 
undertaking rational informal reasoning. 

The over-reliance on insecticides nowadays will increase the insects’ resistance and cause future repercussions, as 
well as allowing chemical corporates [sic] to take more money out of hard-working farmers for 
fertilisers/chemicals. (R, 167) 
It can help third world countries and it helps keep food prices down but it also is a considerable danger to the 
future of agriculture.  It restricts biodiversity and could have an effect on our wildlife that could be devastating. 
(R, 155) 

Both of these student incorporated rational reasoning in providing scientific reasons to support their views about 
genetically modified food. Student 167 clearly stated what he considered to be the benefits of the technology while 
student 155 identified both risks and benefits. 
Other statements, also classified as rational, provided a simple but logical explanation of the advantages of the 
technology, as demonstrated by this individual’s response to genetic screening: “Getting rid of the diseases before birth 
may save the child’s life”. (R, 161) 
Intuitive Reasoning 
 Many students expressed a short statement that appeared to be a ‘gut response’, one that offered no 
explanation or logical analysis of the situation. Such statements included “This makes me sick” (I, 337), “Let what 
happens happen” (I, 333) and many statements that included the phrase ‘playing God’. 
Many of the students had strongly-held beliefs about these issues and this was clearly evident in the intuitive statements 
they made. The following examples provide evidence of this. 

The chances that cloning would be successful are slim and playing with human life is crossing the line. Have we 
finished stuffing up everything that we just decide that it’s OK to play with human life. (I, 409) 

The personal nature of the responses was also evident, with some students recognising that this was a personal view that 
need not be enforced upon others. 

I think that all parents should have the choice about their [sic] children. I’m not sure if I would change my 
children but I think that others should have the choice. (I, 311) 

Emotive Reasoning 
The identification of the stakeholders was a key component in determining emotive reasoning. The following response is 
an example of a student who explicitly identified a number of the stakeholders and provided an emotive response to their 
situation. 

Parents would be glad to have a child. But the child might think differently if it knew that he/she was born not 
from their parents but their clones. [emphasis mine] (E, 154) 

The next two statements show that concern, sympathy and empathy were incorporated into the resolution of these ethical 
scenarios. 

It is painful for parents to live with a diseased child. (E, 167) 
It’s good to give couples a chance to reproduce. (E, 166) 

While disagreeing with the use of the technology, some students were still able to show sympathy to those facing these 
difficult decisions, as this student showed when responding to the dilemma on reproductive cloning. 

Being unable to … have a child would be heart breaking but I still believe that cloning is wrong. (E, I, 305) 
Patterns of informal reasoning 
 While coding the informal reasoning of students, it was observed that, consistent with other studies (Sadler & 
Zeidler, 2005; Topçu, Sadler, & Yilmaz, 2010; Yap, 2012), students were using some modes of reasoning more often 
than other modes. The frequencies with which students use informal reasoning is referred to here as the patterns of 
informal reasoning. To examine how the acceptance of a Christian religious belief may affect students’ patterns of 
informal reasoning, the percentage of students who used rational, emotive and intuitive reasoning in their comments and 
responses was calculated for the students who scored high on the Christian Worldview Scale (CWS), and those students 
who scored low on the same scale. Because of the non-independence between the modes of reasoning, it was considered 
inappropriate to compute inferential statistics to determine differences. Instead, the percentage of students who employed 
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each mode of reasoning at least once, separated according to whether the student scored high or low on the CWS, is 
presented in Table 2 for each of the four dilemmas.  
Summary of Informal Reasoning and Religious Belief 
 In comparing the informal reasoning of the high and low levels of religious belief groups, some consistent trends 
were observed. Students who scored high on the Christian Worldview Scale (CWS) employed rationalistic and emotive 
reasoning less often than those with a low level of religious belief, and they used intuitive reasoning more frequently than 
the students who scored low on the CWS. For all but the GM food ethical dilemma, the pattern of informal reasoning was 
similar for both the high and low believers, with intuitive reasoning being the most used, followed by rational reasoning, 
with emotive reasoning used the least. The GM food dilemma differed in that for this issue only, students used rational 
reasoning more frequently than the other two modes and students with a low level of religious belief used emotive 
reasoning more often than intuitive reasoning. 
 As observed in Table 2, for each of the four ethical dilemmas, students with a high level of religious belief used 
less rational reasoning than their less religious peers. The percentage of students with a high level of religious belief who 
used rational reasoning at least once in their response was 76%, which is far fewer students than the low level of religious 
belief sample, which had 95% of students using rational reasoning.  
Students with a high level of religious belief used less emotive reasoning than either the rational or intuitive modes for 
each of the dilemmas, when compared to students with a low level of religious belief. Fewer students with a high level of 
religious belief utilised the emotive mode of informal reasoning in their response, as shown by the total responses in 
Table 2. Highly religious students who did use emotive reasoning did so less often than their less religious peers, as is 
indicated by the total comments in Table 2. 

Table 2 Percentage of Comments and Responses Utilising Each Mode of Informal Reasoning for High and Low 
Religious Belief 

Informal 
Reasoning 

GM Food  PGS  R. Clone  T. Clone  Total 
(Response

s) 

 Total 
(Comment

s) 

Lowa Highb 
 
Lowa Highb 

 
Lowa Highb 

 
Lowa Highb 

 
Lowa Highb 

 
Lowc Highd 

Rational 81 70 
 

38 37 
 

33 15 
 

38 33 
 

95 76 
 

53 45 

Emotive 19 14 
 

14 9 
 

24 15 
 

14 7 
 

43 34 
 

20 13 

Intuitive 14 42 
 

52 73 
 

52 63 
 

43 39 
 

76 91 
 

45 63 

No 
Response 

5 3 
 

14 7 
 

10 18 
 

14 26 
 

- -  12 16 

Note.  GM Food = Genetically Modified Food; PGS = Pre-implantation Genetic Screening; R. Clone = 
Reproductive Human Cloning; T. Clone = Therapeutic Human Cloning. 
a From the sample of Low Christian religious belief, n = 21 students / responses. b From the sample of 
High Christian religious belief, n = 101  students / responses. c From the sample of Low Christian 
religious belief, n =  75 comments. d From the sample of High Christian religious belief, n =  348 
comments. 

 
Students with a high level of religious belief used more intuitive informal reasoning for three of the ethical dilemmas; 
Genetically Modified Food (GM food), Pre-implantation Genetic Screening (PGS) and Reproductive Human Cloning (R. 
Clone). In the Therapeutic Human Cloning dilemma (T. Clone), students with a high level of religious belief used 
intuitive reasoning less often than those students with a low level of religious belief. The relationship between a high 
level of religious belief and the increased use of intuitive reasoning is more obvious when the number of responses that 
utilised each mode of reasoning is considered. Most (91%) of the students with a high level of religious belief used 
intuitive reasoning at least once in their response, while only 76% of students with a low level of religious belief used 
intuitive reasoning. Table 2 also shows that the total number of intuitive comments made by students scoring high on the 
CWS is greater than those students who scored low on that scale, which indicates that not only do more students use 
intuitive reasoning if they have a high level of religious belief, but they also use intuitive reasoning more frequently than 
their less religious peers. 
 
Discussion 
 While broad trends concerning the patterns of informal reasoning amongst students in this and other studies may 
be justified, it is not known what priority the students placed on each of the three modes of informal reasoning when 
making their final decision about a Socio-scientific issue, as it has been shown here, and by others (Dawson & Venville, 
2009; Sadler & Zeidler, 2005), that more than one mode is often used when negotiating Socio-scientific issues. It may be 
that although the student uses intuitive reasoning they are basing their decisions about the biotechnology on the rational 
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or emotive aspects of their reasoning. However, it is unlikely that this is the case given the research by (Evans, 1996; 
Thompson & Evans, 2012; Wu & Tsai, 2007) which suggests that students may be making decisions about an issue first 
and then coming up with rational arguments to justify their decision. As well as equipping science teachers with an 
understanding of the informal reasoning of students holding to Christian worldviews, this study highlighted the need for 
classroom initiatives that encourage the increased use of rational and emotive reasoning. 
 
Emotive Reasoning 
 The limited use of emotive reasoning by students measuring high on the CWS is noteworthy given the Christian 
tradition of care and empathy. It is often assumed that because of the biblical notions of ‘love your neighbour’ and ‘the 
Good Samaritan’, religiosity would correlate positively with measures of empathy and care. If one assumes that a student 
who demonstrates a greater degree of empathy would also be more inclined to engage in emotive reasoning, although no 
such connection was examined in this study, it could be hypothesised that those individuals who recorded a greater level 
of Christian belief should correspondingly demonstrate a greater reliance on emotive reasoning. This study found no 
evidence for such a conclusion, with the obvious explanation being the misconception that religious belief correlates with 
measures of empathy. While some evidence (Francis & Pearson, 1987) suggests that adolescent religiosity is positively 
correlated with empathy it is likely that the individual’s attitude and approach to religion is a better predictor of measures 
of empathy and emotional intelligence than religiosity itself (Duriez, 2004; Watson, Hood, Morris, & Hall, 1984), and 
this may provide a possible explanation for the low amount of emotive reasoning amongst those students purporting to 
follow a Christian worldview. It must also be remembered that the study focused on adolescents on the edge of adulthood 
and consequently many would be immature in both their general and Christian life experiences. Therefore, as suggested 
by Hoffman (1975), their capacity for empathy, and hence emotive reasoning, may still be developing. 
A number of studies have identified ways to develop empathy in individuals which, although not demonstrated, is likely 
to be reflected in the students’ pattern of informal reasoning as emotive reasoning was categorised as reasoning that 
included an emotional response to others, such as care, empathy and sympathy. Research has shown that students are 
more likely to develop empathy when; their own emotional needs are being met (Barnett, 1987; Kestenbaum, Farber, & 
Sroufe, 1989), teachers model empathetic behaviour (Pizarro & Salovey, 2002), and provide their students with 
opportunities to understand, explore, and discuss the perspective of other individuals (Kidd & Castano, 2013; LeBlanc et 
al., 2003; Ornaghi, Brockmeier, & Grazzani, 2014; Pizarro & Salovey, 2002). 
 
Rational Reasoning 
 While it is clear that many students, including those scoring high on the CWS, are using rational modes of 
reasoning fewer students with a high level of religious belief utilised this mode of reasoning. One factor that could have 
contributed to this result is that students are only reflecting the ideas of their faith community, without having an 
understanding of why they hold that position. While this idea is subjective and would require further study, it would 
explain the greater reliance on intuitive reasoning over rational reasoning; however, other factors are likely to also be 
involved.  
 Because rational reasoning remains an integral part of scientific literacy (Bybee, Carlson-Powell, & Trowbridge, 
2008; Cavagnetto, 2010; Dawson & Venville, 2009), researchers have examined students’ critical thinking and its role in 
improving the scientific literacy of students (Bailin, 2002; Hand, Lawrence, & Yore, 1999). While the development of 
critical thinking skills amongst students cannot be assumed to result in an increase in the frequency of rational informal 
reasoning amongst students, it seems highly likely that students with a more developed repertoire of critical thinking 
skills would include more rational reasoning when making judgements about Socio-scientific issues.  

Strategies which have had a positive effect on students’ ability to construct more powerful arguments include; 
students participating in a role-playing game (Lin, Chiu, Hsu, & Wang, 2014), the teaching of philosophy to students 
(Annis & Annis, 1979), and a better understanding and recognition of common logical fallacies (Zeidler et al., 1992). 
The most effective strategy for improving rational reasoning amongst students is likely to be the explicit teaching of 
critical thinking skills (Abrami et al., 2008; Zohar, Weinberger, & Tamir, 1994).  
 
Intuitive Reasoning 
 The increased use of intuitive reasoning by students measuring high on the CWS is consistent with the findings of 
Shenhav, Rand, and Greene (2012) and others (Aarnio & Lindeman, 2007), who demonstrated that, at least in the adult 
population, the use of intuitive thinking styles over reflective ones were associated with an increased belief in God. 
Shenhav et al. (2012) suggest two possible, although not mutually exclusive, explanations for this observation. Firstly, 
they suggest that an individual who is more inclined to use intuitive reasoning may be more attracted to a belief in God 
because it supports other intuitive explanations, and secondly, an intuitive belief in God may support the use of intuitive 
reasoning in other situations.  
 
CONCLUSION 
 
 When investigating Socio-scientific issues, science educators need to encourage their students to identify the 
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modes of reasoning that they are utilising and, if necessary, encourage them to actively engage in other modes if they are 
not already doing so. Given the decreased use of rational reasoning amongst students who accept a Christian worldview, 
additional coaching might be required to develop the rational reasoning of these students. Because of the reduced 
incidence of emotive informal reasoning amongst these same students, it could be beneficial for educators to emphasise 
to these students the importance of empathy in their purported beliefs. While valuable for all students, the importance of 
implementing strategies to increase students’ rational and emotive reasoning might be of additional significance in faith-
based schools.  
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Appendix A: Ethical dilemmas presented to students 
Genetically Modified Food 
Genetically modified food is food that has been grown from plants that have had their DNA changed by deliberately 
removing genes or adding genes from another organism. This enables scientists to alter specific characteristics of the 
plants. Plants are often given genes that provide resistance to disease or herbicides. Genetically modified crops produce 
more food and farmers do not have to use as much chemicals. Other plants have been genetically modified so that they 
are draught and disease resistant or more nutritious. These crops could greatly help in the fight against world hunger and 
malnutrition. 
 
Pre-implantation Genetic Screening 
Using In Vitro Fertilization (IVF) and genetic screening techniques it is possible to screen embryos before they are 
implanted. Using this technique it is possible to select the gender of a child or even make sure that it does not have 
certain diseases. In the future it may even be possible to select for other traits such as eye color or intelligence. 

381



 
Therapeutic Cloning 
Many otherwise healthy couples are unable to bear children. Modern reproductive Technologies, like fertility drugs and 
in vitro fertilization, have enabled some of these individuals to have their own children. However, some couples remain 
infertile and unable to have a baby. For these individuals, cloning could be used as another reproductive technology. In 
this case, one of the parents would serve as the genetic donor. The donor’s genetic material would be inserted into an egg 
cell, and then the embryo (the egg carrying a complete set of the donor’s genetic material) would be implanted into the 
woman. The embryo would develop into a fetus and eventually be born as a baby.  
 
Reproductive Cloning 
In therapeutic cloning a cloned embryo is created and stem cells are removed. The stem cells are stimulated to grow into 
specific types of tissue or even possibly whole organs such as a kidney, which could then be used for organ transplants. 
Two major problems that are associated with organ transplantation are a lack of available organs, and immunological 
rejection. Organs and tissues produced by means of therapeutic cloning would solve both of these problems. Patients 
awaiting transplants could donate their own genetic material for the production of the cloned embryo and the immune 
system would not reject it. 
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Abstract: The inclusion of Socio-scientific issues in the Science Classroom provides an ideal framework from which 
teachers can explore the cultural and ethical perspectives of science that are core features of the Australian Curriculum 
and other international science programs. Although some attempt has been made to understand cultural differences in 
students’ attitudes towards issues in biotechnology, there is limited research about the differences that exist between 
students who identify with one of the Christian worldviews and those students who do not. Questionnaire results from 
177 senior secondary students (16-18 year olds) across three independent Christian secondary schools in Australia were 
used to gather quantitative data about students’ religious beliefs, with specific reference to Christian beliefs and practices, 
as well as to their attitude about a range of biotechnological issues. Statistical methods were used to analyse the 
associations between student’ religious worldview and attitudes towards biotechnology. Results demonstrated that 
secondary students identified as having a Christian worldview had a more negative attitude towards biotechnology and 
were more concerned about the use of technologies involving cloning, genetic screening, IVF, and the modification of 
plants, animals and humans, than students who did not have a Christian worldview. By providing additional insight into 
students’ attitudes towards biotechnology, this research can be used by educators to engage students who come from a 
Christian cultural background with Socio-scientific issues in a manner that challenges and extends students’ thinking, 
while remaining sensitive to their worldviews. 
 
Keywords: Biotechnology, attitudes, Christian worldview, Socio-scientific Issues 
 
 
Introduction 
 Socio-scientific issues are generally described in the literature as being issues that involve science but that also 
have a strong cultural or ethical dimension to them such that it is often difficult for individuals and groups to come to a 
consensus about the use of the technology and science at the centre of the issue. These Socio-scientific issues are often at 
the centre of media discussions and are often influenced by personal, political, religious and other societal views (Kolstø, 
2001; Sadler, 2004; Zeidler, Sadler, Simmons, & Howes, 2005). The Socio-scientific Issues movement provides an ideal 
framework from which to explore religious differences in attitudes because of the controversial issues associated with 
much of Biotechnology and because understanding individual perspectives about issues is central to the SSI movement. 
 Biotechnology is a broad term that captures reproductive technologies such as IVF and pre-implantation genetic 
testing, DNA profiling, stem cell research, cloning, and more traditional ideas of biotechnology such as selective 
breeding and the genetic modification of organisms. The attitude that individuals have about issues involving 
biotechnology will largely affect the way that individuals interacts with the technology, but within the general Australian 
population, studies have shown that attitudes towards biotechnology are highly variable (Cormick, 2002). While a 
number of studies have explored Australian students’ attitudes towards biotechnology (Cavanagh, Hood, & Wilkinson, 
2005; Dawson, 2007), there has been very little research that explores the underlying influences behind students’ 
attitudes. This study explores the ideas of Scholderer and Frewer (2003), who suggest that attitudes are determined by 
more general views held by the student 
 
Christian Worldviews and Attitudes Towards Biotechnology 
Religious beliefs represent an important dimension in determining biotechnology attitudes, as noted by (Coyle, Maslin, 
Fairweather, & Hunt, 2003) who suggested that: 

[Spiritual values] are embedded in everyday life and practise. Moreover, spiritual views provide people with 
moral anchors from which to determine appropriate ethical behaviours; ethics that filter into debates on regulatory 
controls over biotechnology research. (p84) 

This view is supported by the work of Regnerus and Smith (1998), who demonstrated that Evangelical Christians in 
America are the group most likely to view their religion as being important in deciding opinions about public affairs. 
Research that specifically examines Australian students’ attitudes and compares them with religious beliefs could not be 
located; however, outside of Australia there is some evidence suggesting that people who adhere to a Christian belief 
tend to be less accepting of biotechnology (Evans, 2002; Jordahl, 1993). 
 
Measuring Biotechnology Attitudes 
Attitudes are perceived as being an internal thought process, which is expressed in an individual’s thought, feelings and 
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behaviour (Eagly & Chaiken, 1998). The study and understanding of attitudes is more complex than this definition 
implies which has led to the multicomponent view of attitude formalised by Rosenberg, Hovland, McGuire, Abelson, and 
Brehm (1960). In this conceptualisation of attitude, the affective, cognitive and behavioural components are considered 
and can be applied to attitudes towards biotechnology through a consideration of:  

a) Cognitive: The beliefs, thoughts and previous knowledge about biotechnology 
b) Affective: The feelings and emotions towards biotechnology, including the individual’s anxieties, concerns and 

fears 
c) Behavioural: The corresponding behaviour of individuals towards the technologies  

 
In the field of biotechnology attitudes Scholderer and Frewer (2003) demonstrated that attitudes are determined by more 
general views held by the student, a view supported by Cook and Fairweather (2005), who noted a strong link between an 
individual’s worldview and attitudes towards biotechnology. Therefore, in attempting to understand students’ attitudes it 
is important to explore not only the traditional direct measures of attitudes and intentions but also the other components 
that influence attitudes such as what students think about the attributes, characteristics and qualities of the biotechnology, 
their beliefs about biotechnology, and other beliefs, such as religious beliefs, and normative beliefs (those beliefs that an 
individual perceives that his peers or society think he should believe), all of which may influence the attitudes of the 
student. 
 
A number of researchers have explored how students’ attitude about Socio-scientific issues in general, and biotechnology 
in particular, are dependent on the issue that is under investigation (Chen & Raffan, 1999; Dawson & Soames, 2006; 
Gunter, Kinderlerer, & Beyleveld, 1998; Özel, Erdogan, Usak, & Prokop, 2009). These differences are likely a reflection 
of deeper held values, and processes of risk assessment that are determined by cultural and historical factors (Saez, Nino, 
& Carretero, 2008). Different issues will likely cause students to draw, to a greater or lesser extent, upon those beliefs 
central to their faith than other applications of biotechnology, therefore to understand the attitudes of students from 
differing religious backgrounds, it is necessary to track how the students’ attitudes change over a range of biotechnology 
applications. As scientists develop new techniques for manipulating living systems they raise new ethical dilemmas and 
reframe old controversies so it is also necessary to include modern application of biotechnology when assessing 
biotechnology attitudes. 
 
An important consideration for an instrument that measures students’ attitudes about biotechnology is whether the 
instrument has been constructed according to standard statistical techniques and appropriately validated. In a review of 
the literature, Fonseca, Costa, Lencastre, and Tavares (2013) noted that while there were many studies researching 
students attitudes towards biotechnology, there was no consistency in the instruments being used and, with a few notable 
exceptions (Erdogan, Özel, Uşak, & Prokop, 2009; Klop & Severiens, 2007), many of the questionnaires used did not 
provided a statistically sound measure of students’ attitudes towards biotechnology.  
Measuring Christian Worldviews 
 Any description of a Christian worldview is problematic; the difficulties lie in the diversity of beliefs and biblical 
interpretations that exist within the Christian tradition. Regardless of what Christian tradition an individual adheres to, 
most would agree that central to the Christian worldview is the belief in God and His ongoing involvement in the world, 
the central role of Jesus Christ of Nazareth, and the Bible as the ultimate source for understanding reality (Dockery, 
Thornbury, & Colson, 2002; Goheen & Bartholomew, 2008; Naugle, 2002; Sire, 2004). The role of the Bible as a source 
of knowledge has a significant role in shaping Christian worldviews (Goheen & Bartholomew, 2008) But like all 
religious texts, the Bible must be interpreted, and it is here that many of the differences between Christian 
denominations, and different forms of the Christian worldview arise. Protestant Christian believers are often divided into 
three broad categories: Fundamentalist, Evangelical and Liberal Christians. Broadly speaking, these groupings can be 
aligned with views on biblical interpretation. Fundamentalist Christians take a more literal interpretation of scripture, 
typically associated with anti-evolutionary teachings. Liberal Christians, however, interpret parts of Scripture (the 
Christian Bible) more as stories, albeit with an important message or a greater truth, but not necessarily describing events 
that actually took place. 
 In an attempt to describe the diversity inherent in a Christian worldview, the properties of a Christian Worldview 
can be broken down into three broad categories. These are core Christian beliefs (Christian orthodoxy), interpretation of 
Scripture (biblical literalism), and the personal importance of religion to everyday life (religiosity) which can be 
combined as shown in Figure 1. 
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Figure 1: Relationship Between Strands of a Christian Worldview 

The small number of studies that have researched a religious perspective of attitudes towards biotechnology have 
typically utilised a simplistic measure of Christian worldview. This distinction is important in light of the findings of 
Wolkomir, Futreal, Woodrum, and Hoban (1997), who have shown that there is a difference between adherence to 
conservative Christian doctrine, measures of religious behaviour such as church attendance, and biblical literalism. This 
allows for distinctions to be made between the presence of specific ideologies or beliefs and of the importance that 
individuals impute to such beliefs (Eckberg & Blocker, 1996; Nielsen, Williams, & Randolph-Seng, 2009). 
 
Method 
Development of Student Questionnaire 
 A questionnaire was developed by combining and modifying five instruments previously documented and 
validated in earlier studies. The resulting questionnaire was called Biotechnology Attitudes and Religious Belief 
Questionnaire (BARBQ). The questionnaire was divided into four parts; Demographic Information, Attitudes Towards 
Biotechnology, Christian Worldview and Ethical Dilemmas. Table 1 outlines each part and the number of items used to 
measure it. Where appropriate, the reported reliability from the original or earlier studies is shown, along with the 
original source of the questions. 

Table 1: Overview of BARBQ 
Sections of 
the BARBQ 

Strand Scales No. 
of 
items 

Reported 
reliabilit
ya 

Source 

1. 
Demograph
ic 
Information 

  4   

2. Attitudes 
Towards 
Biotechnolo
gy 

Cognitive Biology and 
Genetics 
Biotechnolog
y 
Beliefs About 
Biotechnolog
y 

9  
 
16 
5 

α = 0.63 
 
α = 0.71 
α = 0.70 

(Klop, 2008) 

 Affective Emotions 
Inevitability 
Concernsb 

13 
9 
8 

α = 0.78 
α = 0.76 
α = 0.79 

(Klop, 2008) 

 Behavioural Own 
Intentions 
Medical 
Intentions 

5 
4 

α = 0.78 
α = 0.74 

(Klop, 2008) 

3. Christian 
Worldview 

Biblical 
Literalism 

 15 sb = 0.95 (Jennings, 1972) 

Christian 
Orthodoxy 

 6 α = 0.94 (Hunsberger, 1989) 

 Religiosity Behaviouralb 
Religious 
Salienceb 

2 
2 

U 
U 

(Rohrbaugh & Jessor, 
1975) 
(Hill & Hood, 1999) 

4. Ethical GM Crops  1 NA (Sadler & Zeidler, 

Biblical 
Literalism

Religiosity Orthodoxy
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Dilemmas 2005) 
PGS  1 NA (Sadler & Zeidler, 

2005) 
 Reproductive 

Cloning 
 1 NA (Sadler & Zeidler, 

2005)
 Therapeutic 

Cloning 
 1 NA (Sadler & Zeidler, 

2005) 
Note. U = Unavailable; NA = Not applicable; sb = spearman-brown r; PGS = pre-implantation genetic screening. 
aα = Cronbach’s alpha, bScale has been modified in the BARBQ from the original instrument. 
 

The items in the section measuring students’ attitudes towards biotechnology were adapted from the instrument 
used by Klop (2008) because it used a range of biotechnology issues, including areas of modern biotechnology, is a 
statistically robust instrument and was developed using a framework that specifically incorporated the cognitive, 
affective and behavioural components of attitude. The original instrument was translated into English from Dutch with 
some questions modified for Australian students. In the Affective Strand of Klop’s (2008) original instrument students 
were asked about their concerns regarding in vitro fertilisation, genetic research, genetic modification and cloning. These 
four issues were modified and expanded to eight concerns so that genetic modification and cloning of bacteria, plants, 
animals and humans could be differentiated. Four ethical dilemmas that incorporated a short description and example of 
genetically modified food, pre-implantation genetic screening, reproductive cloning, and therapeutic cloning was also 
presented to the students. 

The section of the questionnaire that measured students’ Christian worldview consisted of three strands. 
Religiosity measured students’ personal commitment to their religious beliefs and practices. Christian Orthodoxy 
measured the extent to which students accepted the core beliefs of the Christian faith, and Biblical Literalism provided a 
proxy measure of fundamentalism by determining how literally students interpret the Bible. 
 
Results and Discussion 
Sample and Validation of the BARBQ 
 The data collected from 177 senior secondary students across three faith based co-educational schools across 
Melbourne, Australia, was used to test the internal consistency reliability using Cronbach’s alpha coefficient (Cronbach, 
1951) of each of the eight biotechnology attitude scales and the three religious belief scales. As reported in Table 2. the 
reliability of the Cognitive scales of Biology and Genetics, and Beliefs About Biotechnology were less than the 
acceptable level of 0.6, indicating a low or questionable level of reliability (De Vellis, 1991). The Biotechnology and 
Beliefs About Biotechnology scales were kept in the study, however the Biology and Genetics scale was removed. The 
remainder of the scales were considered acceptable. The scale mean correlation of the Attitudes About Biotechnology 
and Christian Worldview scales ranged from 0.01 to 0.22, indicating that the items used in the instrument tend to 
correlate much more with items in the same scale than with items on other scales. The results recorded in Table 2 suggest 
that the BARBQ provided good internal consistency, reliability and discriminant validity for the affective and 
behavioural domains of attitudes towards biotechnology, as well as all three scales measuring students’ Christian 
worldview.  
 The three affective and two behavioural scales in the Biotechnology strand of the BARBQ were averaged and the 
resulting score was named the Combined Attitudes Towards Biotechnology Scale (CATBS). A combined measure of 
religious belief, labelled the Christian Worldview Scale (CWS), was calculated by averaging the three strands of 
Christian Orthodoxy, Biblical Literalism and Religiosity. To ascertain the internal consistency of the two combined 
scales, Cronbach’s alpha coefficient was calculated (Cronbach, 1951). The CWS ( = 0.86) and the CATBS  ( = 0.75) 
were both shown to be reliable. 

Table 2: Scale Mean, Standard Deviation, Internal Consistency (Cronbach’s Alpha Reliability) and Scale Mean 
Correlation for the BARBQ 

BARBQquant Scale No. 
Items 

Mean SD Alpha 
Reliability 

Mean 
Correlation 

Attitudes About Biotechnology   
Cognitive      
Biology and Geneticsa 9 0.74 0.15 0.27 0.11 
Biotechnologya 16 0.74 0.15 0.58 0.11 
Beliefs About Biotechnology 5 3.30 0.57 0.47 0.17 
Affective      
Emotions 13 2.65 0.59 0.82 0.18 
Inevitability 9 3.12 0.58 0.73 0.21 
Concerns 8 2.83 0.88 0.82 0.08 
Behavioural      
GM Food Intentions 5 3.09 0.86 0.85 0.22 
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Medical Intentions 4 3.51 0.90 0.77 0.15 
Christian Worldview  
Christian Orthodoxy 6 4.13 1.07 0.91 0.01 
Biblical Literalism 15 3.91 1.07 0.97 0.03 
Religiosity 4 3.27 1.25 0.89 0.04 
Combined Scales   
CATBS 7 15.23 2.7 0.75 0.76 
CWS 3 3.75 1.01 0.86 0.92 
Note. N =  177 
aBivariate data (incorrect = 0, correct = 1) 

 
Summary and Discussion of Christian Worldview and Biotechnology Associations  
 Correlation and regression weights of the two combined scales was performed and a statistically significant 
correlation (r = -0.381, p < 0.01) was found between the CATBS and the CWS, and a regression analysis between these 
two scales also showed a statistically significant (p < 0.001) association, with a regression weight of -0.385 and R 
squared of 0.148.  
 Although, as shown in Table 3, it was found that a statistically significant correlation between the religious belief 
scales existed for all measures of biotechnology attitudes except Biotechnology (for all measures of religious belief) and 
GM food intentions (Religiosity only), the results of the regression analysis indicate that few of the religious belief scales 
provided a unique contribution that was statistically significant for the measures of biotechnology attitudes. While it is 
possible that a correlation may exist without statistically significant regression results, it was suspected that, because the 
three religious belief scales were not independent of each other, the regression analysis might have been affected by 
multicollinearity (high correlation between two or more of the religious belief scales). While not limiting the overall 
ability of the scales to predict students’ attitudes towards biotechnology, multicollinearity would limit the unique 
contribution to the variance in the biotechnology scales and hence limit its statistical significance. For this reason, a post 
hoc analysis was performed using a stepwise regression so that the religious belief scale, or scales, that best predicted 
students’ attitudes towards biotechnology could be determined (Field, Miles, & Field, 2012).  The results of a stepwise 
regression analysis show in Table 4 make it clear that Christian Orthodoxy, Biblical Literalism, and Religiosity each 
provide a predictive power in the determination of a student’s attitude towards biotechnology. However, the development 
of a student’s attitude towards biotechnology is likely far more complex than a simple reflection of these three aspects of 
Christian belief, as none of these scales were more influential across the spectrum of biotechnologies than another. As 
suggested by the multicomponent view of attitude development the development of an individual’s attitude and his or her 
behaviour are dependent on the combination and interaction of a range of beliefs and assumptions, including, but not 
limited to, the measures of religious belief used in this study. For this reason, it might not be possible to extract a unique 
religious belief, perspective, or assumption, which provides explanatory power to a student’s attitude towards 
biotechnology. Furthermore, it is not possible to determine the extent to which the measured levels of Christian 
worldview, and student attitudes towards biotechnology, are the students’ personal reasoned opinions or merely a 
reflection of the mores of their society. If such an explanatory variable does exist, a different approach towards religious 
belief may be required to elucidate the underlying suppositions between religious belief and a negative attitude towards 
biotechnology.  
 

Table 3: Pearson’s Correlation (r), Multiple Correlations (R and R2), and Standardised Regression Coefficient (β) for 
Associations Between the Christian Worldview Scales and the Attitudes Towards Biotechnology Scales 

BARBQ Scale Cognitive 
_____________________
_____________________
_____________________

__________ 

Affective 
______________________________
______________________________
______________________________

___________ 

Behavioural 
___________________
___________________
___________________

______ 
Biotechnol

ogy 
 

_________
_________
_________

__ 

Beliefs 
About 

Biotechnolo
gy 

__________
__________
__________

____ 

Emotions 
 

_________
_________
_________

___ 

Inevitabil
ity 

 
_______
_______
_______

____ 

Concerns 
 

_________
_________
_________

___ 

GM food 
Intention

s 
_______
_______
_______

____ 

Medical 
Intentions 
_________
_________
_________

___ 

R β r β r β r β r β r β r β 
Christian 
Orthodoxy 0.06 

0.40*
* 

-
0.27
** 

0.03 
-

0.34*
* 

0.22 
-

0.34** 
0.26 0.24** 0.17 0.20** 0.00 

-
0.19
* 

0.11 
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Biblical 
literalism 

-
0.04 

-
0.30* 

-
0.34
** 

0.37
* 

-
0.33*

* 
0.09 

-
0.32** 

0.09 0.24** 0.07 0.24** 0.22 
-

0.25*
* 

0.26 

Religiosity 
-

0.14 
-0.17 

-
0.17
* 

0.02 
-

0.26*
* 

0.08 -0.19* 0.02 0.28** 
0.23
* 

-0.14 0.02 
-

0.25*
* 

0.16 

Multiple 
correlatio
n 

R 0.25  0.34  0.35  0.33  0.31  0.24  0.29  
R2 

0.06  0.11  0.12  0.11  0.09  0.06  0.09  

Note. N  = 177 students. 
*p < 0.05, **p < 0.01, ***p < 0.001 

Table 4 Multiple Correlations (R and R2), and Stepwise Regression Analysis Results (β) for Associations Between the 
Christian Worldview Scales and the Attitudes Towards Biotechnology Scales 

BARBQ Scale Cognitive 
_______________________
_______________________
_______________________

________ 

Affective 
_____________________________
_____________________________
_____________________________

_________ 

Behavioural 
_________________
_________________
_________________

_______ 
Biotechnolo

gy 
 

__________
__________
__________

_____ 

Beliefs 
About 

Biotechnolo
gy 

__________
__________
__________

_____ 

Emotions 
 

_______
_______
_______

____ 

Inevitabilit
y 
 

_________
_________
_________

___ 

Concerns 
 

_______
_______
_______

____ 

GM food 
Intention

s 
_______
_______
_______
____ 

Medical 
Intention

s 
_______
_______
_______

____ 

β Β β β β β β 
Christian 
Orthodoxy 

0.39**  -0.34*** -0.34***    

Biblical 
literalism 

-0.40** -0.34***    -0.24**  

Religiosity     -0.28***  -0.25*** 
Multiple 
Correlatio
n 

R 0.21 0.34 0.34 0.34 0.28 0.24 0.25 
R2 

0.05 0.11 0.12 0.12 0.08 0.06 0.06 

Note. N  = 177 students 
*p < 0.05, **p < 0.01, ***p < 0.001, 
 
Summary and Discussion of Religious Belief and Biotechnology Concerns  
 The data sample was divided into those students who had a relatively low level of Christian religious belief and 
those students who had a high level of Christian religious belief. To encompass all those students who, on average, 
agreed or strongly agreed with the key elements of a Christian worldview, those students scoring above 3.5 on the CWS 
were considered to have a high level of religious belief.  Similarly, those students who scored less than 2.5 out of a 
possible 5 on the CWS were deemed to have a low level of Christian religious belief because, on average, they disagreed 
or strongly disagreed with key elements of most Christian worldviews. This delineation provides a clearer distinction 
between the two groups by eliminating from the data set those students who may not have been fully committed to the 
Christian worldview, or who, while possibly having religious belief, did not align closely with traditional Christian 
beliefs or interpretations of the Bible. Descriptive statistics were performed for the two groups with the results showing 
that 21 students were grouped as having a low level of religious belief, with a mean score on the CWS of 1.76, and a 
standard deviation of 0.34. Substantially more students (n = 117) were grouped as having a high level of religious belief, 
with a mean and standard deviation of 4.40 and 0.43, respectively, on the CWS. 
 An independent t-test was performed for the eight biotechnology applications (In Vitro Fertilisation, Genetic 
Modification of Bacteria, Genetic Modification of Plants, Genetic Modification of Animals, Genetic Modification of 
Humans, Therapeutic Human Cloning, and Reproductive Human Cloning) and the four ethical dilemmas (Genetically 
Modified Food, Pre-implantation Genetic Screening, Therapeutic Cloning, and Reproductive Cloning). Effect sizes 
(Hedge’s g) were also calculated as recommended by Cohen (1988) so that an estimate could be made of the magnitude 
of the differences between the two groups of students.  
 The results of this analysis are shown in Table 5, where the biotechnologies appear in order from least to most 
concern as ranked by all participating students and a higher score corresponds to the student being less concerned about 
the technology, while a low score indicates that they are very concerned. Both groups of students ranked their concerns 
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similarly, the only exception being that students with a low level of religious belief placed Animal Cloning as being of 
more concern than Therapeutic Human Cloning. These results are shown graphically in Figure 2, where the graph is 
based on the item mean scores for each of the technologies.  

Table 4: Differences Between Low and High Levels of Religious Belief for Concerns About Biotechnology Showing 
Item Mean, Standard Deviation, t-Test and Effect Size 

Scale Item Mean 
___________________
___________________
___________________

_____ 

Item SD 
_________________
_________________
_________________

_______ 

Difference 
__________________
__________________
__________________

_______ 

 Low High Low High 
Effect 
Sizea  

t 

IVF 4.29 3.57 1.31 1.28 0.56 2.35* 
Genetic Modification 
of Plants 

4.29 3.52 1.10 1.33 0.59 2.50** 

Genetic Modification 
of Bacteria 

3.81 3.39 1.25 1.25 0.33 1.4 

Therapeutic Human 
Cloning 

3.38 2.83 1.65 1.51 0.35 1.52 

Animal Cloning 3.48 2.47 1.50 1.33 0.74 3.11*** 
Genetic Modification 
of Animals 

3.20 2.44 1.43 1.21 0.61 2.53** 

Genetic Modification 
of Humans 

2.52 1.71 1.47 1.05 0.72 3.06** 

Reproductive Human 
Cloning 

2.38 1.52 1.56 1.01 0.77 3.26*** 

Ethical dilemmas       
GM Food 4.36 3.37 0.91 1.14 0.89 3.71*** 
Therapeutic Cloning 3.85 2.72 1.33 1.45 0.75 3.16*** 
Genetic Screening 2.52 1.75 0.98 0.87 0.86 3.58*** 
Reproductive 
Cloning 

2.05 1.48 1.08 0.90 0.61 2.50** 

Note. Low = Low Level of Religious Belief (n =  21); High = High Level of Religious Belief (n =  117). High 
mean corresponds to low level of concern; Low mean corresponds to a high level of concern 
a Hedge’s g. 
*p < 0.05,**p < 0.01,***p < 0.001  
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Figure 2. Differences in concerns about biotechnology for students with low and high levels of religious beliefs. 

Note. A high mean represents a decreased level concern about biotechnology, 1 = very concerned or disagree, 3 = neutral 
or unsure, 5 = unconcerned or agree. 
*p < 0.05,**p < 0.01,***p < 0.001  
 
 Of the 12 items examining the use of biotechnology, 10 showed statistically significant differences between the 
students who scored high on the Christian Worldview Scale (CWS), and those students that scored low on the CWS. For 
each of the technologies investigated the students with a high level of Christian religious belief were, on average, more 
concerned than their peers who were grouped as having a low level of religious belief. For both groups students’ 
concerns about biotechnology increased as the technologies moved from the modification of plants and bacteria through 
to the modification and cloning of animals, with the most concern being shown for genetic modification of humans and 
reproductive cloning of humans as demonstrated in earlier studies involving Australian (Dawson & Schibeci, 2003) and 
non-Australian (Gunter et al., 1998; Kolarova, 2009) secondary students. 
 In general, the effect size for differences between students with a low level of religious belief and those with a 
high level of religious belief increased as the technologies moved from plants and bacteria to animals, then humans. This 
suggests that religious belief might have a polarising effect, whereby some biotechnologies generate a greater level of 
concern in the students with a high level of religious belief compared with those students with a low level of religious 
belief.  
 Of the 12 technologies investigated, between-group differences for Genetic Modification of Bacteria and 
Therapeutic Human Cloning did not have statistically significant differences. The genetic modification of bacteria has 
been taking place for some time and is part of mainstream science and industry; this, in conjunction with the low regard 
most individuals have for bacteria, could have contributed to the finding of no statistically significant difference between 
the two groups. Likewise, the high level of concern about reproductive cloning across the general population could have 
contributed to a decreased effect size for this technology. While the use of therapeutic cloning in humans is considered 
controversial amongst many Christian groups, no statistically significant differences between students with high or low 
levels of religious belief were found. It is likely that students may not have fully appreciated the significance of this 
technology as a full evaluation of the ethical issues involved in this technology necessitates a detailed understanding, not 
only of the process of cloning, but also of stem cells. This is an understanding that many of the students may not have 
had. When attitudes towards therapeutic cloning were measured in the ethical dilemmas, a statistically significant 
difference was observed with a medium effect size. Because the ethical dilemmas placed the technologies within a social 
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context, it is possible that this additional information better equipped students to make ethical decisions. This could 
explain why a larger effect size was observed whenever the technologies were presented to the students with some 
context, as found in the biotechnology ethical dilemmas section of the BARBQ.  
 
Conclusion 

The findings of this study provide educators and curriculum developers with a deeper insight into one cultural 
group of students that can be found in science classrooms, namely, those holding to Christian worldviews, and does so by 
comparing them to students who score low on measures of Christian religious belief. These results add to the literature 
that supports the trends found in surveys of the general population, which have suggested that a Christian religious belief, 
especially fundamentalist beliefs, is negatively correlated with attitudes towards a range of biotechnology issues (Evans, 
2002; Hunt, Fairweather, & Coyle, 2003; Jordahl, 1993; Macer et al., 1995; Weasel & Jensen, 2005). The findings of this 
study extend that research to include Australian high school students attending a faith-based school. The identification of 
a statistically significant association between Christian religious belief and attitudes to biotechnology in this study 
involving young adults is especially noteworthy because it reveals that the influences of religious thinking and religious 
ideologies on attitudes towards biotechnology are evident at a relatively young age. It is important that teachers 
appreciate that the religious beliefs of their students can be a factor in the attitudes that they hold towards biotechnology 
and such information can be used by classroom teachers to better equip themselves for their goal of guiding classroom 
discussions about Socio-scientific issues, and sensitively challenge students to examine the links between the 
presuppositions of their worldview and the attitudes they hold regarding controversial issues in science. It also provides 
additional insight with which to challenge non-religious students in order to gain a better understanding of the worldview 
of their peers.  
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Appendix A: Examples of Questions Found in the BARBQ  
 
Section/strand/sca
le of BARBQ 

Sample Question Response 

1. Demographic Information  
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Age What is your current age? 16, 17, 18 
2. Attitudes towards Biotechnology  
Cognitive   
Biology and 
Genetics 

A human has 23 pairs of chromosomes in a 
regular cell nucleus. 

True or False 

Biotechnology If you eat genetically modified fruit your genes 
may also be genetically modified. 

True or False 

Beliefs About 
Biotechnology 

Indicate how strongly you agree or disagree with 
the following statement: 
Biotechnology makes our lives healthier, easier 
and more comfortable. 

1-Strongly agree, 2-Agree, 3-Not 
Sure, 4-Disagree, 5-Strongly 
disagree 

Affective    

Emotions 
 

Indicate how strongly you agree or disagree with 
the following statement: 
Genetic modification of animals is wrong. 

1-Strongly agree, 2-Agree, 3-Not 
Sure, 4-Disagree, 5-Strongly 
disagree 

Inevitability Indicate how strongly you agree or disagree with 
the following statement: 
Biotechnology is essential for human survival. 

1-Strongly agree, 2-Agree, 3-Not 
Sure, 4-Disagree, 5-Strongly 
disagree 

Concerns How concerned are you about the genetic 
modification of plants? 

1-Very Concerned, 2-Moderately 
Concerned, 3- Unsure,  
4-Slightly concerned, 5-
Unconcerned 
 

Behavioural   
GM Food 
Intentions 

Indicate how strongly you agree or disagree with 
the following statement; 
I would buy genetically modified food if it were 
cheaper than ordinary food. 

1-Strongly agree, 2-Agree, 3-Not 
Sure, 4-Disagree, 5-Strongly 
disagree 

Medical Intentions Would you be willing to: 
Take a genetic test during your or your partner’s 
pregnancy? 

1-Definitely, 2-Probably, 3-Maybe,  
4-Probably not, 5- Definitely not 

3.  Christian Worldview  

Christian 
Orthodoxy 
 

Through the life, death and resurrection of Jesus, 
God provided a way for forgiveness of man’s sins. 

1-Strongly agree, 2-Agree, 3-Not 
Sure, 4-Disagree,  
5-Strongly disagree 

Biblical Literalism The miracles reported in the Bible actually 
occurred. 

1-Strongly agree, 2-Agree, 3-Not 
Sure, 4-Disagree,  
5-Strongly disagree 

Religiosity   
Behavioural 
 

When you have problems or difficulties in your 
school, family, or personal life, how often do you 
seek spiritual comfort? 

1-Always, 2-Often, 3- Sometimes,  
4-Rarely, 5-Never 

Importance In general, religious beliefs are very important in 
my day-to-day life. 

1-Strongly agree, 2-Agree, 3-Not 
Sure, 4-Disagree,  
5-Strongly disagree 

4. Biotechnology ethical dilemmas  

Pre-
implantation 
Genetic 
Screening 

Using in vitro fertilization (IVF) and genetic screening 
techniques it is possible to screen embryos before they 
are implanted. Using this technique it is possible to 
select the gender of a child or even make sure that it 
does not have certain diseases. In the future it may 
even be possible to select for other traits such as eye 
colour or intelligence. 
To what extent do you agree or disagree with the use of 
genetic screening? 
Outline as many reasons for your selection that you 
can. 

 

 

Agree Disagree   
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Abstract: This article describes the first year of a study of the Pedagogical Content Knowledge (PCK) of chemistry 
teachers in DKI Jakarta, Indonesia, using the Pedagogical and Professional-experience repertoires (PaP-eRs) Framework. 
The profile of chemistry teachers was developed from collaboration with 3 experienced teachers in the topics of acid and 
base, reduction and oxidation and electrochemistry. A qualitative study with multiple methods including interviews, 
observations and reflective journals was employed. The PaP-eRs framework was employed to analyze the teachers’ 
profiles. The study found that the key concepts were delivered by the teachers based on curricula and their experiences. 
The teachers employed multiple teaching approaches in helping students, mostly using power point presentations, 
laboratory experiments and discussions. The teachers explained that students with different characteristics need to be 
understood by the teachers, so different approaches need to be used to engage the students. Each topic has prerequisite 
knowledge, such as acid and base conceptual understanding for learning the topic of reduction and oxidation. The second 
year of this study will be implemented using the reflections of experienced teachers to develop the PCK of student 
teachers in the chemistry department.  
 
Keywords: Pedagogical content knowledge, Pedagogical and Professional-experience Repertoires (PaP-eRs) 
 
 
INTRODUCTION 

Teachers plays important roles for developing students’ competences within meaningful learning experiences 
which influence by teacher competences. Teachers’ competences become one important issue to improve educational 
qualities and solve any educational problems. In 1987, Schulman proposed the Pedagogical Content Knowledge (PCK) 
to portray the model of teacher competences. Pedagogical Content Knowledge (PCK) is the merging of Content 
Knowledge (CK) and Pedagogy Knowledge (PK). According to Shulman (1987) in Cogill (2008), knowledge of 
pedagogy is the principles and strategies of classroom management and organizing for addressing the classroom 
problems. In addition focusing on teacher Content Knowledge (CK), according to Hill, Ball, and Schilling (2008), 
teachers’ knowledge not only exists but also contributes effective teaching and student learning.  Pedagogical content 
knowledge is important as the knowledge of, reasoning behind, planning for, and enactment of teaching a topic for 
enhanced student outcomes (Gess-Newsome, 2013; Garritz, 2013). In Pedagogical Knowledge (PK), Bruner (1999) in 
Cogill (2008), knowledge of pedagogy, is the way that teacher develop students’ understanding in different learning 
experiences. Teachers need to understand what students already know about a topic, what those students' difficult in 
learning the topic, and what concepts need to be challenged (Park, Jhan, & Chen, 2011). According to Bertram (2014), 
teachers’ PCK are developed throughout their teaching experience that usually includes different pedagogical approaches 
for teaching particular content to different student groups over time. The teaching and learning is conducted to achieve 
the purpose of instructional or learning objectives by teaching the material arrangement.PCK is teachers’ understanding 
and enactment of how to help a group of students to understand specific subject using multiple instructional strategies, 
representations, and assessments while working within the contextual, cultural, and social limitations learning 
environment (Park & Oliver, 2008). Therefore, PCK contributes to teachers’ professional learning (Nilsson, 2010) 

 Schneider and Plasman (2011) identified five broad fields of science teachers’ PCK which are (1) orientation to 
teach science, (2) thinking about science, (3) instructional strategies in science teaching, (4) the science curriculum, and 
(5) assessment of students` science learning. Currently, PCK approach focus on understanding and appreciation of how a 
teacher makes the learning process from the teacher's perspective (Loughran, Mulhall, and Berry, 2008). The portrayal 
PCK of a chemistry teacher can be done by using the Content Representation (Core) and the Pedagogical and 
Professional-experience repertoires (PaP-eRs). PaP-eRs are linked to the CoRe (Bertram, 2014).  Pedagogical and 
Professional-experience Repertoires (PaP-eRs) according to Loughran (2012) is a narrative account of the PCK a teacher 
who insists on the parts or aspects of a learning material to be delivered. PaP-eRs intended to represent the teachers' 
understanding in teaching certain aspects of the content (content) of such material, as well as to give insight into the 
elements that interact on PCK teachers with meaningful ways so that it can be understood (Loughran, Mulhall, and 
Berry, 2008). Loughran (2013) stated that PaP-eRs is a kind of reflection of the learning process by teachers. PaP-eRs 
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can serve to encourage teachers reflect, evaluate, and improve their PCK. Pap-eRs could be explored in enhancing 
pedagogical model that might be of help to all science educator (Bertram & Loughran, 2012).  

In Indonesia context, teacher competences are one of the main problem in education. The government also found 
difficulties in analysis teachers’ competences, especially their PCK. Thus, the government tried to establish one of 
teacher assessment by multiple choice test which provide the low results of teachers PCK. The assessment didn’t provide 
the holistic picture of teacher competences. Thus this research explored the picture of experienced teacher through 
portray their teaching through PaP-eRs. The picture will provide the picture of chemistry teachers in Jakarta, which can 
help our chemistry students teachers to develop their PCK from experienced teachers. 

 
RESEARCH METHODOLOGY 

This study implemented qualitative study with multiple research methods of interviews, reflective journals, and 
observation. The researchers worked with three experienced teachers, conducted the observations and interviews. The 
three experienced teachers has more than 20 years teaching experiences who are Rina, Tuti, and Agus (pseudonym 
name). The interviews also conducted to the students to provide the pictures of learning experiences. The experienced 
teachers conduct the chemistry teaching in different topics, so that the researchers could understand the teachers’ PCK. 
 
RESULT AND DISCUSSION 
 
Learning Objectives 

The teachers stated that its important to inform students in the learning objectives, thus students able to understand 
what to be achieved. The learning objectives also remind the teachers to focus on students learning outcomes, as state by 
the teachers. 
 
“It is important to state the learning objective, to mapping inform students their desired outcomes and focus on learning 

activities” 
(Rina, Teacher Interview, 10 February 2015) 

 
 "The  learning objective needs to be delivered to the students, because its useful for helping students to focus on their 

learning 
(Tuti, Teacher Interview, 10 February 2015). 

 
 
Based on teacher observations, these three teachers always put emphasis on the main learning objectives and topics that 
are relevant to the learning objective.   

Focusing on students’ prior knowledge is used by all three teachers. For example, one of the teachers, Agus, 
always review the lesson before he teach others topic. Sometimes, he didn’t follow the list of topics in order, because he 
found the selected topics are important to understand by students, before he teach another topic.  

“Reviewing the topics that are related to the topic will be given, will help students to make connection in their 
learning” 

(Agus, Teacher Interview, March 13, 2015) 
 

In Acid and Base topic, he reviewed the lessons that have been given to students which is focused on that the key 
concepts of  H+ and in OH-. He did a review before taught a new topic of the strength of acids and bases and calculate pH 
of acids and bases. Agus asked his students to share the their understanding of a strong acid and a weak acid. At the end 
before, starting the lesson, Agus concluded the basic concept of acid and base to clarify students’ misconception in the 
topic. 

Meanwhile, Rina discussed the topics of acid base indicator. At the beginning, Rina didn’t focus on previous 
topics, but exploring students’ prior knowledge on the topics that will be taught. Students look find difficulties on 
communicate their understanding, even one student read the definition of indicators based on the textbook. Rina tried to 
give more opportunities for students to explain their prior knowledge. Some of students provided the important keywords 
on the concepts of acid base indicator which are concentration of H+, colour change, and acidity. Meanwhile, Tuti started 
the lesson of acid and base indicator by asking the type of indicators, which students answered correctly from reading the 
textbook. From these three teachers, Agus the only teacher who didn’t started by definition, but starting building students 
own understanding for their concepts. However, different ways of teachers in exploring students prior knowledge, they 
believe that students’ prior knowledge is important to construct students understanding in the concepts. Different ways 
depends on students’ characteristic and understanding.   

 
Teaching Methods 

Different teachers implemented different teaching methods. However, in general, these three teachers tried to help 
students to understand the relevancy between chemistry concepts with its relationship with students daily lives. The 
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teachers introduced the terminology used in the concept to help students understand the fundamental concept. Most 
teachers conducted the teaching by lecturing, discussion, group working, demonstration, and laboratory experiments. For 
example, Rina in teaching stoichiometry in solution follow the list of topics in curricula and the textbook. Rina used 
powerpoint presentation to explain the concept mol. Rina tried to making connection in remembering formula, Rina 
stated that knowledge, as first level of taxonomy Bloom is important before develop the next cognitive level of 
understanding.  To determine whether students have understood about the materials, She gave problem sets on 
stoichiometry. Rina provided opportunity for students to answer the questions, one of students stood up and wrote the 
answer in the whiteboard and explained the answer to the their friends.   

 
“Asking students solve the problem and explain to their friends is helping them to develop understanding in the 

concepts and self-confidence” 
(Rina, Teacher Interview, 3 April 2015) 

 
Meanwhile, Tuti taught the stoichiometry concepts by using lecturing with powerpoint and video as the media. She asked 
students to analysis the  basic formula in stoichiometry solution. She said students understanding in the the basic law was 
important, so she focused on students’ understanding in these concepts. 
 
“Its important to help students in understanding fundamental formula in stoichiometry solution, even it took time, but it 

will help students to understand next concepts” 
(Tuti, Teacher Interview, 1 April 2015) 

 
The lecturing has helped the teachers in provides wide range of topics that need to be covered, however they were aware 
of the limitations of teacher-centre approach in students learning. Thus they conduct discussion with students to reflect 
on their understanding. In different ways, Agus taught the mole concept by using analogy of marble to help students in 
understanding the Avogadro number in one mole.  
 
If we used analogy, analogy must be easily understood by students, not creating misconception. However it needs teacher 

creativity in find out the analogy 
(Agus, Teacher Interview, 6 April 2015) 

 
Agus also used the video to figure out the mol concepts. He also stated that give students the problem and discuss it also 
help students to develop their thinking skills. By working the problems, students can distinguish different terms in the 
mole concept.  

Furthermore, laboratory experiment as one of the main teaching methods in chemistry learning, three of teachers 
asked students to conduct acid and base titration. The laboratory experiment helps students in relate the lesson in 
classroom with the practicum in the laboratory. Agus also stated that, it helps his students to be familiar with discovery 
learning as teaching methods in new curricula.  
 

As a teacher, I keep trying to implement the new curricula, especially in implementation of new teaching 
methods of contextual learning. Bringing students to the things that are familiar with their lives, not only helping them to 

understand the concept, but also develop their preceptions that chemistry is relevant to their lives and easy to 
understand. 

(Agus, Teacher Interview, 6 April 2015) 
 
Contextual learning flowed by practicum which students were required to  analyze and draw their own conclusions based 
on the principle of titration. Rina also describes the acid and base titration of solution of acetic acid (CH3COOH) 
and NaOH solution. Meanwhile, Tuti used the problem-based learning of determine the concentration of acid solution on 
the bottle label. Based on the experience, the teachers agreed that lecturing in the acid and base titration is also important 
to be delivered to the students.  The teachers still implemented teacher-centre, since the final exam focused on content 
knowledge. 
 
Students’ Misconception 

Students misconception is common problem in chemistry learning, based on the analysis of teaching methods, 
the teachers are more likely use conventional methods with power point and problem solving for students.  Tina 
explained the meaning salt hydrolysis using demonstration by using test tubes containing salt solution of sodium chloride 
(NaCl), sodium acetate (CH3COONa) and ammonium chloride (NH4Cl), then identified the nature of acids and bases 
using litmus paper. Then the teacher used an animation on power point to show the nature of the acid-base salt solution 
using litmus paper. After simulating the teacher explained the meaning salt hydrolysis. Hydrolysis is the decomposition 
of the salt in water, resulting in acid or base. The teacher explained that salt hydrolysis occurs in salt which has one of its 
components is a weak acid or weak base or both consist of a weak acid weak base. Based on the understanding of salt 
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hydrolysis, Tina could develop misconception for her students. According to Chang (2008) is a salt hydrolysis reaction of 
a salt anion or cation, or both with water. Acid-base properties of salt can be seen through the test solution with pH 
indicator that can be done by the experiment, but Tina using demonstration to test the acid-base properties of salt 
solutions. 
 
"The demonstration took short period of time compare to laboratory experiment, even though only few students can focus 

on the demonstration, especially students who it in the front sit.   
(Teacher Interview, Tina, 12 March 2015). 

 
Based on student interview, students had difficulties in understand the concept, they need doing the experiment by 
themselves, they cant understand about the hydrolysis itself.  
 
Students Peer-Coaching 

These three teachers also put emphasis on the importance of students peer-coaching. The teachers aske the 
students to discuss with their friends in solving the problems. The teachers asked the students in helping each others. 
High achievement students have to help the low achievement students.  The students also stated the benefit of this student 
peer coaching Pap-ers 1 provides information on the topic of learning in the basic laws of chemistry.  

 
I feel comfortable to ask with my friend, compare to the teacher, my friend helped me to understand the concept  

(Doni, Student interview, 20 March 2015) 
 

 
When the discussion with friends, and the teachers asked them to answer the question on the whiteboard, the students 
were very enthusiastic because the he (the low achievement student) can answer correctly. 
 
Teacher Pedagogical Content Knowledge 

Based on the observations of these three teachers. Three of them have good understanding of the chemistry 
concept delivered. These three teachers also have excellent pedagogical knowledge which they understand the teaching 
methods chosen to different chemistry topics. The PaP-eRs of these three teachers provides information about key 
concepts and learning experiences were delivered for their students. Their PaP-eRs also described their interaction with 
students. These teachers also always explore students understanding in the previous topics. For example, Tuti discussed 
the course material students learned at a previous meeting, for example on the types of acid and base solution which 
includes a strong acid, weak acid, strong base and a weak base and discuss the properties of acid and base compounds, as 
bellow.  
 

Tuti : We have studied the concept of acid compounds at the previous meeting. How to indetify 
the acid solution? What is the pH of acid solution? 

Students :pH is less than 7 
Tuti  : Then what if the solution is tested by the litmus paper? 
Students  : the litmus paper turn to  red 

 
Eventhough, its recall questions, but it helped students to start thinking about the topic was given. 
The content knowledge of these teachers also excellent, even as example before, the language that used of Rina can lead 
to students misconception. In acid and base concept, these teachers explained about the concept of the formation of ion 
H3O

+ which is not in the textbook, but important concept to be explained to the students. Their students were able to 
organize and associate the new concepts with other concepts that have been learned  

 
 
 

CONCLUSION 
The research provided the picture of experienced chemistry teachers who has good pedagocical content 

knowledge. Exploring PCK using PaP-eRs is used to determine the extent of readiness of the teacher in delivering the 
content knowledge. This provided the overview of how a teacher can implement appropriate methods and strategies for 
achieving learning outcomes. This learning has given implications for chemistry learning: a) the teachers reflect on theirs 
pedagogical practices, b) the teachers created fun chemistry learning, c) students learnt to express the ideas, d) the teacher 
understand the key concepts, e) students collaborate with others to develop mutual relationship. The further study will 
focus on using this experienced teachers profile to help our chemistry students teachers to develop their Pedagogical 
Content Knowledge. 
 
REFERENCES 
 

398



Bertram, A., & Loughran, J. (2012). Science Teachers’ Views on CoRe and PaP-eR as a Framework for Articulating and 
Developing Pedagogical Content Knowledge. Research in Science Education, 42, 1027-1047.  

Bertram, A. (2014). CoRes and Pap-eRs as a strategy for helping beginning primary teachers develop their pedagogical 
content knowledge. Educacion quimica 25(3), 292-303 

Chang, R. (2005). Kimia Dasar: Konsep-konsep Inti (III ed.). (M. A. Martoprawiro, Penerj.) Jakarta: Erlangga. 
Cogill, J. (2008). Primary teachers’ interactive whiteboard practice across one year: changes in pedagogy 9 and 

influencing factors. London: EdD thesis King’s College University of London. 
Garritz, A. (2013). PCK for dummies, Educación Química, 24(2), 462-465 
Gess-Newsome, J. (2013). The PCK Summit Consensus Model and Definition of Pedagogical Content Knowledge. In: 

The Symposium “Reports from the pedagogical Content Knowledge (PCK) Summit”, ESERA Conference 2013. 
Hill, H. C., Ball, D. L., & Schilling, S. G. (2008). Unpacking Pedagogical Content Knowledge: Conceptualizing and 

Measuring Teachers’ Topic Specific Knowledge of Students. Journal for Research in Mathematics Education, 39 
(4), 372-400. 

Loughran J, Mulhall, P., & Berry, A. (2008). Exploring Pedagogical content kowledge in Science teacher Education, 
International Journal of Science Education, 30 (10), 1301-1320.  

Loughran, J. (2012). Understanding and Developing Science Teacher's Pedagogical Content Knowledge (second edition 
ed.). Rotterdam: Sense Publishers. 

Loughran, J. (2013). Pedagogy: Making Sense of the Complex Relationship Between teaching and Learning. Curriculum 
Inquiry, 43, 118-141. 

Nilsson, P. (2010). The Core Project: Understanding and Assessing Primary Student Teachers’ Pedagogical Content 
Knowledge. Paper presented at the annual meeting of the national association of research in science teaching, 
Philadelphia, U.S.A.  

Park, S., Jang, J. Y., & Chen Y. C. (2011). Is Pedagogical Content Knowledge (PCK) Necessary for Reformed Science 
Teaching? Evidence from an Empirical Study. Research in Science Education, 41, 245-260. 

Park, S., & Oliver, J. S. (2008). Revisiting the Conceptualisation of Pedagogical Content Knowledge (PCK): PCK as a 
Conceptual Tool to Understand Teachers as Professionals. Research in Science Education, 38(3), 261-284.  

Schneider, R. M. and Plasman, K. (2011). Science teacher learning progressions: a rewiew of science 
teachers´pedagogical content knowledge development. Review of Educational Research, 81, 530-565. 

 

 

 
 
  

399



INTEGRATED CHEMISTRY TEACHING MEDIA WITH SCIENTIFIC 
BASED APPROACH: TO IMPROVE EFFECTIVENESS IN LEARNING 

 
Ucu Cahyana, Eka Septiana Susanti, Dwi Amelia Savitri 

Universitas Negeri Jakarta, Indonesia 
Email: u.cahyana@yahoo.com 

 
 
Abstract: This research focused on improving the effectiveness of learning through the implementation of integrated 
chemistry teaching media with a scientific based approach. The media consists of teaching resources with a laboratory 
experiment which is integrated with ICT.  Action research methodology is implemented as the research approaches. The 
research results showed that media is interesting and can be implemented for learning chemistry in buffer solution. Based 
on the research results, we concluded that the use of the integrated media for teaching chemistry with scientific based 
approach can improve the effectiveness of learning chemistry on material buffer solution, which includes the 
achievement of indicators:  the quality of learning outcomes, implement ability of learning program by the teacher,  
students' learning motivation, interaction between teachers and students and between students and students, and the 
active participation of students in the learning process.   
 
Keywords: Integrated teaching media, Scientific base approach, Effectiveness learning 
 
 
INTRODUCTION 
  Chemistry is a complex subject that explores a number of abstract topics and concept. The prime objective of a 
chemistry class is for student to become knowledgeable in chemical concepts models, and theories (Cloonan,2011). 
Visualization of physical phenomena and laboratory experiences have always been important components for the 
reinforcement and understanding of science concepts. Visualization of phenomena through such techniques as 
demonstrations, simulation, models, real-time graphs, and video can contribute to students understanding of science 
concepts by attaching mental images to these concept (Yahaya, 2015).  

Over the past two decades, Information Technology (IT) has broadened to become Information and 
Communication Technology (ICT), and has become better established within schools (Abbott, 2001). Many claims have 
been made about its potential contribution to pupils’ learning (Pachler, 1999) and official rhetoric has presented it as set 
to ‘transform education’ (Blair, 1997). The advantages and possibilities of ICT contributed remarkably to the educational 
reform efforts and thus, is seen an integral part of school programs (Doornekamp 2002; Eurydice 2001).  
 This study has differences and advantages other than previous research in the development of instructional 
media. In general, those studies have done partially, it did not integrated between the print media and IT media, the 
available media also has not developed using a scientific approach, so that the function of the media to support the 
learning process did not reach its full potential. According to van Eijck & Roth (2007) in Guerra (2010), states that: The 
integration of ICT-based research tools in teaching science could facilitate the promotion of pupils active participation 
inquiry. ICT-based research tools include hardware (i.e. sensors for the data collection) as well as software (i.e. 
simulations). 
 Integration of ICT-based learning media into science learning can facilitate students to be active in the learning 
process. Printing technology in the form of modules teaching materials and practical user guide are integrated with 
computer technology in the form of ICT-based learning media. So it will be a complete package of teaching materials 
based on the scientific approach in accordance with the demands of the curriculum. 
 Utilization of ICT media will be more effectively used in the learning process when various media are combined 
into a complete integrated media. Development of integrated learning media is the way to produce and deliver material 
that combines the use of some form of computer-controlled media. Computers that have a great ability as the amount of 
random access memory, a large hard disk and monitor high resolution coupled with a parallel (additional tools), such as: 
video disc player which according to Kozma and Russel (2005) in Pernaa (2009) video ICT is a tool that is efficient 
enough to indicate the molecular changes at the microscopic level, other additional hardware is to join a network and 
multimedia effects audio. The system refers to the finding that students learn more deeply from a multimediaexplanation 
presented in words and pictures than in words alone (Meyer, 2013). Multimedia through words and pictures make the 
students understand the lesson more than just a phrase. 
 Hennessy (2007) integrating the technology with other sources is a useful strategy in an effort to enrich their 
knowledge and improve learning. By combining simulation and practice the students see "what happens in the real 
world" and to interpret them in  theory. The understanding of the role of ICT instudent-centered education is to provide 
tools where by the student's comprehension ability can be Increased (Mayer: 2003; Pekdag: 2010) implementation are 
student-centered ICT can make students' understanding increase. 
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Figure 1b . Mind Map 

 According to Daryanto (2014) study with scientific approach is designed in such a certain way so that learners 
could actively construct concepts, laws or principles through stages: observing (to identify or find the problem), to 
formulate the problem, propose or formulate hypotheses, collect data with a variety of techniques, analyze the data, draw 
conclusions and communicate the concept, law or principle "discovered". Learning steps with a scientific approach are as 
follows :  observing, questioning, collecting, associating and communicating. 
 The learning process using a scientific approach shows the results are more effective than traditional learning. 
The research proves that in traditional learning, students can recall information from teachers by 10 percent after fifteen 
minutes and the acquisition of contextual understanding by 25 percent. In learning process using a scientific approach, 
students can recall information from teachers by more than 90 percent after two days and the acquisition of contextual 
understanding by 50-70 percent. The learning process should be based on the principles of scientific approach. This 
approach is characterized by the dimensions of protrusion of observation, reasoning, discovery, validation, and an 
explanation of the truth. 
 The media plays an important role in the integrated learning process using a scientific approach, it make 
teaching and learning process more memorable. The advantages of learning using a scientific approach, among others: 
(1) to increase the ability of intellect, especially the ability to think critically, (2) to form a student's ability to solve a 
problem in a systematic way, (3) to create learning conditions which students find that learning is a necessity, (4) to 
obtain high learning outcomes, (5) to train students in communicating ideas, especially in the writing of scientific 
articles, and (6) to develop student’s characters. Thus the research project seeks to develop a new concept of learning 
media to improve the effectiveness of chemistry learning.  Due to the use of integrated chemistry teaching  media based 
scientific approaches in the learning process, students interactively potential to express, evaluate and revise their own 
ideas because they can visualize what they understand in chemical materials. 
 
METHODOLOGY 

The method used is research and development with a research procedure that includes the design, product 
development, product validation, product testing, and product dissemination. Furthermore, integrated chemistry teaching 
media  resulting from R & D is implemented using action research methods. This study was conducted at 54 High School 
Jakarta in class XI. Research Instruments used are: the questionnaires, observation sheets observation of the learning 
process by the observer, field record sheet, test the ability of the end of the cycle, sheets Questionnaires end of the cycle. 
Indicators of success measured in this study are; the quality of learning outcomes, implementation of learning program 
by teachers, student motivation, teacher interaction with students as well as students with students, and student activity in 
the learning process. Action research procedure includes the following steps: (1) analysis of needs; (2) the 
implementation of the first cycle; and (3) the conduct of the second cycle. At each cycle consist of the following 
activities: action planning, action, observation, and analysis and reflection. 

 
RESULT AND DISCUSSION 
Integrated Chemistry Teaching Media (ICTM) with scientific based approach 

Figure 1a. Home, 1b. Mind map, and 1c. Experiment visualization are  excerpts from the  Integrated Chemistry 
Teaching Media (ICTM) with scientific based approach. 
 

 
Figure 1a. Home    
 
   

Figure 1c. Video of how buffer solutions works so that the 
pH remains constant 401



 
 

 
 
 
 
ICTM with scientific based approach as a results of research and development is implemented on a broader 

subjects using action research.  
 
 
The Learning Media Effectiveness Test 

The Learning Media Effectiveness Test using action research methods. The subjects were students of class X of 
68 people. The study begins with a needs analysis, ie preliminary observations learning process, interviews with students 
through filling a questionnaire. Furthermore, the learning process by using ICTM with scientific based approach on the 
topic of buffer solution. The stages of research actions are as follows: 
Needs Analysis  

Needs analysis conducted by interviewing students through filling a questionnaire. This interview aims to 
determine the chemistry learning in high school as well as the needs of students in the study of chemistry. The results of 
the interview are as follows: 

1. A total of 100% of students said that teachers had not been implementing the chemistry learning process by 
integrating modules and experiments using ICT media. 

2. A total of 86.5% of students said that they are interested in chemistry learning when delivered using ICT 
learning media, while 13.5% say mediocre. 

3. A total of 100% of students said that the teacher had never played the video learning with ICT media for 
chemistry learning. 

4. A total of 83.8% of students agreed that if the video was played during chemistry learning process; 13.5% of 
students disagreed; and 2.7% of students mediocre. 

5. A total of 97.3% of the students liked the chemistry learning process by using animation process which is 
equipped with learning modules. 

6. A total of 94.05% of students want the learning process through the process of doing, observing, analyzing, 
discussing in groups and using the learning modules that are integrated with the ICT media. 

 
Implementation of the first cycle 

The effectiveness test of the integrated chemistry learning media as a result of R & D conducted on 68 students 
that includes indicators of: 1) The quality of learning outcomes; 2) Implementability of learning program by the teacher; 
3) Students' learning motivation; 4) Interaction between teachers and students and between students and students; and 5) 
The active participation of students in the learning process. From the results of the test, the average score of 51.21 with 
the percentage of students learning outcomes completeness of 34.21%. The measurement results of each indicator in the 
first cycle is based on the observation sheets learning process of the first cycle and at the end of the first cycle student 
questionnaire will be discussed one by one in table 1 below: 

Table 1. Indicators of implementability of learning program by the teacher 

Sub-Indicators 
Data Source 

Questionnaire and Observation (%) 
a. Instructional media that are used to help teachers 

convey the subject matter clearly. 
71,7 

b. Learning media used in accordance with the 
submitted materials. 

78,9 

c. Instructional media used create a learning time 
more efficient. 

54,1 

Figure 1d. Project Work Display 
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Based on Table 1 above can be seen that 71.7% of teachers convey the subject matter clearly. Then it can be 

seen also that the learning model that is applied in accordance with the submitted materials as much as 78.9%. From the 
above table it can be seen that the available time for the chemistry learning process is still lacking, it can be seen in the 
percentage is 54.1%. 

Table 2. Indicators of Students' Learning Motivation 

Sub-Indicators 
Data Source 

Questionnaire and Observation 
(%) 

a. Instructional media used lead students to become interested in 
learning chemistry. 

91,9 

b. Instructional media used led to material taught is not hard to 
grasp. 

51,35 

c. Instructional media used to make students feel that learning 
chemistry was enjoyable. 

78,9 

d. Instructional media used make to students excited and 
enthusiastic about learning. 

50 

e. Instructional media used to make students pay attention to the 
subject matter presented by the teacher. 

75 

f. Instructional media used to lead students carry out tasks 
assigned by the teacher. 

75 

 
Based on the above table it can be seen that 91.9% of students became interested in studying chemistry, as many 

as 51.35% of students consider that what is taught is not difficult to understand, 78.9% students felt that learning 
chemistry is fun, as many as 50% of students seen passionate and enthusiastic in the learning process, 75% of students 
pay attention to the topic submitted by teachers and 75% of students carry out tasks assigned by the teacher. 

 
Table 3. Indicators of Interaction Between Teachers and Students and Between Students and Students 

Sub-Indicators 
Data Source 

Questionnaire and Observation 
(%) 

a. Instructional media used lead to a discussion in the learning 
process. 

84,2 

b. Instructional media used to assist teachers in asking 
questions during the learning process. 

97,4 

c. Instructional media used to help the students in interacting 
with teachers. 

86,8 

d. Instructional media used to help students ask the teacher if 
they do not understand the material submitted by teachers.

50 

e. Instructional media used to help students ask other students 
if they do not understand the material submitted by teachers. 

50 

 
Based on the above table it can be seen that 84.2% of teachers guide and direct students during the learning 

process, 97.4% of teachers giving questions during the learning process, and teachers help students with any difficulties 
during the learning process as much as 86.8%. From the table above it can be seen that 50% of students asked the teacher 
if they do not understand the topics presented by the teacher and as many as 50% of students ask other students if they do 
not understand the material submitted by teachers. 

Table 4. Indicators of The Active Participation of Students in The Learning Process 

Sub-Indicators 
Data Source 

Questionnaire and Observation 
(%) 

a. Instructional media that are used helped students actively 
involved in the learning process with applied learning media. 

60,5 

b. Instructional media used helped students become more 
confident in learn chemistry. 

57,9 

c. Instructional media used helped students actively observe the 
data of the experiment. 

50 

d. Instructional media used helped students actively respond to 
and answered in the discussion. 50 
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e. Instructional media used helped students actively answering 
questions given by the teacher. 

50 

 
Based on the above table it can be seen that as many as 60.5% of the students are actively involved in the learning 

process by learning model applied, 57.9% of students become more confident to study chemistry, as many as 50% of 
students using the textbooks if they do not understand the topic, 50% actively responding to the students and answered in 
the discussion, and as much as 50% of active students answered questions given by the teacher. 
 
Implementation of the second cycle 

Comparison of the percentage of students who achieve mastery learning minimal in the first cycle and the second 
cycle, i.e.: 

  
Figure 2. Graph Percentage Comparison of Students Achieving Minimum Rate in  

Cycle I and Cycle II. 
 
In addition to chart the percentage of students who achieve the minimum learning completeness, can also be seen 

graph comparison of the average score of students in the first cycle and the second cycle, i.e.: 

 
Figure 3. Graph Comparison of Students Average Score in Cycle I and Cycle II. 

 
After the test is completed, followed by the end of the second cycle questionnaire. Filling out this questionnaire 

aims to determine students' response to the second cycle of the learning process, but it is used to measure the 
achievement of success indicators in second cycle. In this second cycle as a whole 81.58% of students met the minimal 
learning completeness with an average score 68.88. The percentage of students who met minimal learning completeness 
also increased from 34.21% to 81.58%. 

The measurement results of each indicator on the second cycle is based on the observation sheet second cycle 
learning process and student questionnaire end of the second cycle will be discussed one by one in table 5 below: 
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Table 5. Indicators of implementability of learning program by the teacher 

Sub-Indicators 
Data Source 

Questionnaire and Observation  
(%) 

a. Instructional media that are used to help teachers 
convey the subject matter clearly. 

78,4 

b. Learning media used in accordance with the 
submitted materials. 

100 

c. Instructional media used create a learning time 
more efficient. 

73,7 

 
Based on Table 5 above can be seen that 78.4% stated that the learning media are used to help teachers convey 

the subject matter clearly. Then it can be seen also that the instructional media in accordance with the submitted materials 
as much as 100%. From the table above it can be seen that 73.7% of students said that learning media used create  
learning time more efficient. 

 
Table 6. Indicators of Students' Learning Motivation 

Sub-Indicators 
Data Source

Questionnaire and Observation  
(%) 

a. Instructional media used lead students to become 
interested in learning chemistry. 

94,7 

b. Instructional media used led to material taught is not 
hard to grasp. 

71,1 

c. Instructional media used make students feel that 
learning chemistry was enjoyable. 

86,5 

d. Instructional media used make students excited and 
enthusiastic about learning. 

96,3 

e. Instructional media used make students pay attention to 
the subject matter presented by the teacher. 

91,6 

f. Instructional media used lead students carry out tasks 
assigned by the teacher. 

100 

 
Based on Table 6 above can be seen that students are interested in learning chemistry, material taught is not hard 

to grasp, the students feel that learning chemistry is fun, students seemed more excited and enthusiastic in the learning 
process so that students pay attention to the material presented teachers and students carry out tasks given by the teacher. 

 
Table 7. Indicators of Interaction Between Teachers and Students and Between Students and Students 

Sub-Indicators 
Data Source 

Questionnaire and Observation 
(%) 

a. Instructional media used lead to a discussion in the learning 
process. 

94,6 

b. Instructional media used to assist teachers in asking 
questions during the learning process. 

100 

c. Instructional media used help the students in interacting with 
teachers. 

91,8 

d. Instructional media used helped students ask the teacher if 
they do not understand the material submitted by teachers. 

75 

e. Instructional media used helped students ask other students if 
they do not understand the material submitted by teachers. 

93,2 

 
Based on Table 7 above it can be seen that the interaction of students with the teacher is good, so is the interaction 

of students with other students had also been good. It is shown from the results of the questionnaire among other learning 
media used helped of discussion during the learning process, the teacher provides questions during the learning process, 
learning media used help the students in interacting with teachers. Also based on the results of the questionnaire showed 
that students ask other students if they do not understand the material presented teachers and students asked the teacher if 
they do not understand the material submitted by teachers. 
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Table 8. Indicators of The Active Participation of Students in The Learning Process 

Sub-Indicators 
Data Source 

Questionnaire and Observation 
(%) 

a. Instructional media that are used helped students actively 
involved in the learning process with applied learning media. 

84,2 

b. Instructional media used helped students become more 
confident in learn chemistry. 

78,9 

c. Instructional media used helped students actively observe the 
data of the experiment. 

75,4 

d. Instructional media used helped students actively respond to 
and answer in the discussion. 87,9 

e. Instructional media used helped students actively answer 
questions given by the teacher. 

91,7 

 
According to the table 8 above can be seen that 84.2% of students are actively involved in the learning process with 
learning media used, and as many as 78.9% of students become more confident learn chemistry. Based on the results of 
the questionnaire showed that students actively observe the data of the experiment, the students actively respond and 
answered in the discussion, and active students answered questions given by the teacher. 
 
CONCLUSION 

Based on the research results, we concluded that the use of integrated chemistry teaching media with scientific-
based approach can improve the effectiveness of chemistry learning on the topic of buffer solution, which includes the 
achievement of the indicators: 1) The quality of learning outcomes; 2) Implementability of learning program by the 
teacher; 3) Students' learning motivation; 4) Interaction between teachers and students and between students and 
students; and 5) The active participation of students in the learning process.  
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Abstract: This study attempts to express the suitability standard the contents, standard the process, and standard of 
evaluation for the implementation of the curriculum 2013 on learning science in Junior High Schools Malang Regency. 
The research is done in 3 State Junior High Schools as the pilot project that involves 3 the school principals, 12 science 
teachers of natural science, and 240 students. Lab data collected using interviews, poll, documentation, and observation 
with the implementation of the learning natural science in the class. Technique data analysis using a technique 
descriptive quantitative Rasch’s model and qualitative interactive Miles-Huberment model. The research results show 
that the implementation of 2013 curriculum in learning science on Junior High Schools Malang Regency, is good 
.Conclusion was supported by (1) conformity the subject matter science to 95%, (2) conformity learning science, reached 
89%, and (3) conformity evaluation science to 85%. 
 
Keywords:  Standard content, standard process (scientific approach), standard evaluation,   Curriculum 2013 
 
 
INTRODUCTION 

National education vision is to realize education system as strong and authoritative social institution to chouse all 
citizens progress be good quality human. Human resource superior will be able to and proactive to meet the challenges 
age always changing. Meaning of superior and quality human resource, according National Education System, those 
educated people who believe and fear one God , pleaseth noble , healthy , knowledgeable, capable , creative , self-reliant 
, and into a democratic citizen and responsible.The qualified human resources are able to answer the global challenges; it 
is through a high quality education. High quality education can be implemented by through the curriculum are the 
instruments that provides direction to realize the process of the students the quality of potential. Curriculum been drawn 
up and developed used as a guide in driving students becomes: (1) qualified people able and proactive to meet the 
challenges that always changing; (2) educated people who believe and fear God,  pleaseth noble, healthy , 
knowledgeable, capable , creative, self-supporting; and (3) citizens democratic and responsible . 

The curriculum in Indonesia proper and adequate now is the curriculum 2013. The curriculum 2013 is building 
and refinement of curriculum level a unit of education (KTSP). The unit curriculum 2013 and education and curriculum 
level a unit of education (KTSP) based on national education standards. Function national standard education is as a basis 
for planning, the implementation of them, and supervision education in an effort to create national qualified education. 
As for the purpose of national standard education is ensuring the quality of these national education in order to educate 
the nations and form character and civilization a dignified. National education standards refined in a planned manner , 
directed , and sustainable in accordance with the demand change of life local , national , and global (Peraturan 
Pemerintah No. 32 Th. 2013). National education standards are (1) standard kompetemsi graduates , (2) standard the 
contents of , (3) standard the process , (4) education, standards and education workers , (5) standard facilities and 
infrastructure , (6) standard management (7) standard the education funding , and (8) assessment standards education. 

Attention this study focused on the achievement of competence the (1) the standard , (2) standard process , and (3) 
standard Evaluation (Sutrisno, 2013) in junior high school Malang Regency Indonesia. This is because a change that 
occurs in 2013 curriculum than curriculum level a unit of education, is on (1) competency standard graduates, (2) 
standard the contents, (3) standard the process, and (4) standard evaluasi. Competency standard graduates of curriculum 
2013 includes competence knowledge (cognitive domain), the attitude (affective domain) , and skills (psychomotor 
domain) who is expected can develop students after the completed a the level of education (Permendikbud no.54 
Th.2013) . Competence graduates standard implemented in learning through core competence is rate ability to be 
accomplished by students in a certain level of education. The core competency contain 4 aspects, namely (1) the 
religious; (2) the social; (3) knowledge; and (4) skill. Through these aspects is expected to a graduate of the level of 
education students having attitude believe, humble, noble, use knowledge to the nation and the country and has 
creativity. Basic Competence is competence to be achieved students for each subject to reach core competence. In this 
research competence graduates standard not discussed because it is determined by the government  

 Standard the contents is criteria as regards space scope matter and the level of student competency to reach 
competence usually graduate in the level of education (Permendikbud no .64 Th.2013). Scope of matter and the level of 
student competency which must be achieved formulated in standards of content to for each subject. Subjects junior high 
school divided into two groups A (7 subjects) developed by the central government and oriented in competence cognitive 
and affective and the B (3 subjects ) developed by the central government and equipped by the regions. Study load in 
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junior high school for the class 7, 8 and 9 each 38 hours per week. Standard process is criteria on the implementation of 
the learning on a unit education to reach competency standard graduates (Permendikbud no.65 Th.2013). In curriculum 
2013, the teachers are making the design implementation of learning (lesson plans) and maximize learning. Learning 
approach that is executed is the scientific in learning activities who adopted steps of scientists in building knowledge that 
consists of observing, questions , experiment, to think,  and communicate (Permendikbud no. 65 Th.2013) .  

Learning implementation of curriculum 2013 is on students oriented. Students learn to actively, independent, and 
discipline in search of knowledge like a scientist. Approach and kind of classroom including scientific approach is the 
Process of Science Skill, Problem Base Learning, Inquiry, Discovery, and Project Base Learning. The criteria of 
scientific approach as follows (Permendikbud No. 65 Th.2013) (1) material learning based on fact or phenomenon that 
can be described with the logic or reasoning certain, (2) an account teachers, response students, and the interaction 
educational students undertaken in accordance a groove think logically, (3) encourage and inspire students think 
critically, analistis, and right in identifying, understand, solve the problem, and apply matter learning.  (4) Encourage and 
inspire students capable of being thought hipotetic in perceive the difference, in common, and connection each other, (5) 
Encourage and inspire students able to understand, apply, and develop a model think rational and objective in responding 
to learning matter. (6) Based on the concept, the theory, and the fact empirical that can be accounted for. (7) The purpose 
of learning formulated simple and clear, but interesting in its presentation. 

Evaluation standards education is criteria about the mechanism, procedure, and instrument evaluation study 
results students (Permendikbud No.66 Th.2013). Evaluation on the curriculum 2013 is in the form of evaluation autentik 
instrument that is the evaluation of which assumed ranging from input, a process and the result of (output includes) 
learning attitude, knowledge and skill. Technique evaluation used relevant to learning rendering, because can evaluate 
student ability in the process and lessons. Evaluation referring to the basis of mastery learning (Permendikbud no .81a 
Th.2013). When students can reach Basic Competence  developed from Core Competence number 3  and Core 
Competence number 4 to the value of greater than or equal to value criteria of minimum mastery (CMM) expressed has 
graduate. If they have not been reached the value of the debt expressed still going and immediately program was doing 
improvement. Evaluation in competence attitude Core Competence number 1 and Core Competence number 2 done with 
looked at the profile of the student in general at all subjects if this value including categories good (B) and passed but if 
under B, must development was in holistic by teachers guidance and counseling, subject teachers, and parents. 
 
RESEARCH METHODOLOGY 

This study was conducted in the State Junior High School District Malang second semester 2014-2015. The sample 
was 4 the State Junior High School District Malang consist of the headmaster the about 4 people, Science Teacher class 
VII and class VIII as many as 12 people and a student VII and class VIII , with about 240 students.  Methods used in this 
research is mix method quantitative and qualitative simultaneously. Quantitative method used to describe in evaluative 
phenomenon of quantity, while the qualitative method used to perceive verbally feeding research findings according to 
the quality of research data. 

This research aims to review the implementation of the curriculum 2013 relating to standard standard contents, 
standard process, and standard evaluation. How conformity of hope stated in curriculum 2013 to the practice of that is in 
school. How readiness schools in implementing curriculum 2013. How conformity competency with core competence, 
based competence and description presented in the achievement of competence. How conformity the subject is in a 
syllabus to that of the implementation plan learning compiled by teachers. How learning implemented conformity with 
what is plotted in curriculum 2013. How conformity evaluation plotted curriculum 2013 to the implementation at school 
.What the students opinions with the implementation of the learning in order to implement the 2013 curriculum. 

Interviews were conducted against a schoolmaster, to know support and readiness of the schools to the 
implementation of curriculum 2013. Interview also done to the science teachers of class VII and VIII, this used to know 
the readiness of teachers in implementation of curriculum 2013. The survey was conducted to the students to know the 
response of learning that has been carried out in his class. The study documentation performed on lesson plan and 
worksheet to know the readiness of teachers to teach. Observation were made to work on teachers to follow to know 
alignment with scientific approach what is plotted curriculum 2013. 
 
RESULTS AND DISCUSSION  

The results of interviews with the school principal show its support on the implementation of the curriculum 2013, 
though initially felt heavy because the training curriculum 2013 feels sudden and almost simultaneously with the 
commencement of newyear lessons. The school principal agrees with the principle of learning curriculum 2013 the 
students more actively and finding their own knowledge. Principal are also agrees that core competence, basic 
competence, syllabus, and handbook governed by central and teachers only authorities process learning 
activities.Teachers suggested to add other reference book so that enrich book provided by the government.  

The school principal join the socialization curriculum 2013 held by the central government, province, and district. 
School follow enclose teachers for of study in training and work shop  curriculum 2013, then obliging they could 
socialization to other teachers, and finally in implementation in learning. According to school principals of training for 
the implementation of curriculum 2013, not yet optimal. Expected the government holding training and work shop  
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curriculum 2013 in a planned manner and intensive. Through study documentation syllabus science subjects to junior 
high school that had been developed the government and implementation plan learning arranged teachers, obtained the 
result that conformity material should be taught and real taught, to 95 % with qualifying very satisfied.The government 
has provided a syllabus containing the subject we should be teaching.Teachers easily him in lesson plan and apply it in 
the lesson. 

An important tool used as a guideline when teachers teaching is lesson plan. Of the lesson plan compiled teachers, 
there are 3 of 12 lesson plan which is not in accordance between the purpose of learning with the processes and the 
expected results , which are not doing any activities lab work and demonstration in droves. Conformity learning material 
with the aim of as many as 6 lesson plan while on the allocation of time 4 lesson plan does not include allocation of time 
that clear. Is inequalities between the media and the purpose of learning with learning activities in 5 as well as the learned 
plan, namely admit competence basic material is past. For conformity with matter and approach saintific, 4 as well as the 
learned plan does not include clearly learning done (only studies but not practice). 

Learning model used not in accordance with that approach saintific prioritize inquiry learning, discovery learning, 
problem based learning, and project based learning.The activities of introduction, core activities, cover and the activities 
listed clearly, but on the approach of saintific, there are 2 lesson plan not explained clearly (only studies) and no activity 
lab work and demonstration. Implementation plan learning made teachers in generally been in accordance with the 
directive (Permendikbud no .81a 2013) as much as 89% with qualifying very good .On the identity subjects, in are 
generally relatively complete there were only a few which does not mention sub subject matter. A deficiency there is: (1) 
the description indicator is not complete, (2) the description the purpose of learning also not complete, (3) approach 
lessons learned / model of learning used in general scientific approach , (4) steps learning are not complete, (5) 
evaluation learning also categorized inadequate because only was focused on domain cognitive. 

Technique and the form of an evaluation used were appropriate for all lesson plans. One lesson plan erroneously 
admit about, so not in accordance with indicator the achievement of competence. While for guidelines judgment about, 
all as well as the learned plan (4) not make clear assessment clearly. Based on the results of questionnaire students class 
VII and class VIII , learning it is also were appropriate of 85%, so it is with teachers questionnaire.While the results of 
chief teachers shows that learning done by teachers are already in accordance with learning 2013 curriculum , is as much 
as 85% . Standards of evaluation in curriculum 2013 covering the 3 domains, these are cognitive, affective, and 
psychomotor. Data on the implementation of curriculum assessment 2013, obtained through the evaluation plan for the 
assessment which already exist at the lesson plan that had been developed teachers and comparing with a standard 
assessment. Based on data analysis get obtained conformity of 85%. But deprived of that were found is emphasis only on 
domain cognitive, while domain affective and psychomotor, incomplete. Lack of the assessment is the real if seen at the 
time of the practice of learning. 

Interviews shows that the principal support for the implementation of the curriculum 2013. This support is 
reasonable because as to schools shall be obliged to perform the decision the central government, and must support 
learning held in his school. But suggested to support the implementation of the curriculum 2013, need to be taken in a 
good: (1) requires adequate socialization educational institutions and to school, (2) need of training and workshops pretty 
good teachers science to implement learning, (3) requires support and equipment enough. Standard the contents of have 
been prepared the government in a syllabus so teachers not difficulty looking for it. In preparation implement learning 
curriculum 2013, teachers relatively ready for that its resemblance to previous curriculum. The teacher felt the 
implementation of curriculum 2013 somewhat sudden, because workshop is not enough and infrastructure supporting 
factors also still less (book teaching not ready). 

Lesson plan made teachers in general are good in accordance with the directive. A deficiency there is: (1) the 
discussion indicator is weak .Writing indicator should be split between domain cognitive, affective, and psychomotor. 
Numbering written this so known origin competence essentially. (2) The discussion the purpose of learning also not 
complete. Writing the purpose should be split between domain cognitive, affective, and psychomotor. Numbering written 
this so known origin the indicators, (3) approach and learning model used in general scientific approach, origin do 
observing, asking questions, experiment, analyze, and communicating, but often illogical the sequence. Should be chosen 
is varied between, for example inquiry learning, discovery learning, pronlem based learning, project based learning. (4) 
The evaluation learning also categorized inadequate because only was focused on domain cognitive just, should domain 
of affective and psychomotor also note. Looking from the practice of learning to the assessment of affective and 
psychomotor very  

 
CONCLUSIONS 

Curriculum is one of instrument who is expected to give a direction to realize good learning. Learning pertaining can 
secure the quality of potential the students. Based on the results of data analysis, so can be concluded as follows. 
1. Principal support for the implementation of the curriculum 2013. This support is reasonable because as to schools 

shall be obliged to perform the decision the central government, and must support learning held in school.  
2. The materials given science teachers to a student VII and VIII is according to the standard contents, with the level of 

of 95 % .  

410



3. By comparing the teachers learning implemented and standard the process obtained the percentage of conformity 
89%. But the scientific approach learning that is carried out by the teachers still limited to observing, asking questions 
, experiment , analyze , and communicating.  

4. The evaluation of the science’s teachers in class VII and class VIII relatively is in line with stndar evaluation 
curriculum 2013, with the level of 85 %. 

5. The teacher felt the implementation of curriculum 2013 somewhat sudden, because workshop is not enough and 
infrastructure supporting factors also still less (Book students not ready). 

6. Lesson plan made teachers in general are good in accordance with the directive. A deficiency there is: (1) The 
description indicator is weak. (2) The description the purpose of learning also not complete. (3) The approach and 
learning model used in general scientific approach, origin do observing, asking questions, experiment, analyze, and 
communicating, but often illogical the sequence. (4) The evaluation learning also categorized inadequate because 
only was focused on domain cognitive just, should domain of affective and psychomotor also note. Looking from the 
practice of learning to the assessment of affective and psychomotor very weak.  

 
RECOMMENDATIONS 

Based on analysis and the results of the test which has been described above, suggestions can be explained as 
follows. 
1. To ensure the implementation of curriculum 2013 could was carried out well, was recommended to government to 

prepare a thing as follows: (1) it is necessary to conducting socialization 2013 curriculum adequate to an overseer 
and to schools , (2) there should have been training and workshops enough science to the teacher who will 
implement learning, (3) need to be taken the support facilities and infrastructure which support the curriculum. 

2. Indicator development is weak. Writing indicator should be split between domain cognitive, affective, and 
psychomotor. Numbering written this so known origin competence essentially. 

3. The development of the purpose of learning not complete .Writing the purpose should be split between domain 
cognitive , affective , and psychomotor .Numbering written this so known origin the indicators , 

4. The approach and learning model used in generally still very narrow scientific approach, namely by steps: 
observing, asking questions, experiment, analyze, and communicating.  But often the sequence illogical. Should be 
chosen is varied between, for example inquiry learning, discovery learning, problem based learning, project based 
learning. Suggested to be held the workshop with scientific approach and the implementation for learning science. 

5. Learning evaluation also categorized less, because in writing in lesson plan only emphasized the domain of 
cognitive course, advised badly needed workshop mess evaluation and its application in the learning of science. 
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Abstract: This paper describes the results of the second year of a two-year longitudinal study in developing and 
implementing a dilemma teaching pedagogy in chemistry learning.  The new curriculum in Indonesia is focused in 
shaping holistic young people, not only in their hard skills, but also in their soft skills. The research was conducted in 
secondary schools in Indonesia where interpretive study as a methodology provided deep engagement for both researcher 
and participants. Semi-structured interviews, reflective journals, and classroom observations were used as methods of 
collecting data. The research developed 23 dilemma stories with the multiple teaching methods of Thinking Aloud Pair 
Problem Solving (TAPPS), Think Pair Square (TPSq), Think Pair Share (TPS), Think Talk Write (TTW), and Numbered 
Heads Together (NHT). The first year of the study had found that the dilemma stories engaged students in values 
awareness through critical and dilemma thinking. The second year of the study showed that the students and the 
researcher engaged in critical reflection on their values, collaboration with others, on their roles in participating in 
environmental education, social issues, and in deep chemistry learning through multiple teaching methods. The students 
developed their skills in critical reflective thinking, empathic communication, working together and social responsibility; 
they became more environmentally aware, more curious, and showed an increased motivation to learn. 
 
Keywords: Dilemma story, Chemistry learning, Soft skills 
 
 
INTRODUCTION 

The purpose of education is not just to enrich students understanding but also to educate the young generation to 
understand the character and culture (Rahmawati, 2014; 1). Education at school until recently was generally still focused 
to equip students with the competence-competence of the hard skills, such as knowledge that is memorized. Meanwhile, 
the competence of soft skills is not as important for students less cared for. According to Scardamalia , Bransford , 
Kozma , and Quellmalz ( 2012) there are important skills possessed by the students when they finish school and work, 
for example, the ability to:1) solve  problems , 2) make decisions , 3) work independently, 4) speak effectively and 5) 
work effectively with the use of technology. Soft skills include interpersonal skills, ethics, a positive attitude, confidence, 
work ethic, cultural competency and sensitivity, time management, communicating, critical thinking skills, problem-
solving and decision making, ethics, supple, and leadership (Flaherty, 2014: 70-72). 

Chemistry as a branch of science has relation in various fields of life, including social and cultural. In everyday 
life, students often faced with problems related to chemistry learning that requires them to make decisions. According to 
Chang and Overby (2011:762), chemistry is the study of the properties of matter and its changes and most of the 
chemistry is obtained by experimentation and a lot of his knowledge comes from research laboratories. Coll and Treagust 
(2001) in the Sirhan (2007:2) says that the abstract concepts in chemistry are very important because the concept or 
theory the next chemical is not easy to understand when you don't have the basic concept of students.  Dilemmas stories 
educate students to think critically, work together, to accept and negotiate ideas, as well as resolving problems that have 
dilemma embedded in everyday life. Dilemma story pedagogy is critical constructivism a combination of social 
constructivism and critical theory (Settelmaier, 2009). According to Settelmaier, Taylor and Hill (2010:1) approach can 
give experience dilemmas stories interesting, authentic, investigation and meaningful for students. The settlement's 
dilemma in social society often requires science literacy as in understanding and finding solutions to take responsible 
decisions. Through the process of learning as it allows for students to clarify their own values, aware of the value of 
differences, and become more tolerant of differences with others. Therefore, the chemistry learning process, should not 
just focus on knowledge, but on how the application of science in solving problems in everyday life. This research 
focused on the integration of dilemmas stories using various learning methods which can develop the students’ soft skills 
related to chemistry learning concepts in material bases, Acid Buffers, organic chemistry, oxidation reduction, and salt 
Hydrolysis. 

According to Flaherty (2014:70-72), soft skills include interpersonal skills, ethics, a positive attitude, confidence, 
work ethic, cultural competency and sensitivity, time management, communicating, critical thinking skills, problem-
solving and decision making, ethics, supple, and leadership. So, soft skills include ability sometimes intrapersonal and 
interpersonal. According to Settelmaier, Taylor and Hill (2010:1) Dilemmas stories approach can give interesting 
experience, authentic, investigation and meaningful for students. The settlement's dilemma in social society often 
requires science literacy as in understanding and finding solutions to take responsible decisions. Through the learning 
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process as it allows for students to clarify their own values, aware of the differences values, and become more tolerant of 
differences with others. The facilitative role of the teacher is very important in providing students with clarification of the 
dilemma presented in the story (Chow, 2012: 12). 

Several learning methods used in this study for example Thinking Aloud Pair Problem Solving (TAPPS), Think 
the Pair Square (TPSq), Think Pair Share (TPS), Think Talk Write (TTW), and Numbered Heads Together (NHT). 
Basically these methods are the variance of the discussion group. This way is also a very good attempt to increase 
individual responsibility in the discussion groups. These methods can also help teachers and students to achieve learning 
objectives. According to Nasution (1989) in Isjoni (2013:20) says that the study group was effective when every 
individual feels responsible for the group, children participate and cooperate with other individuals effectively, raising 
constructive changes in the behaviour of a person and each shall secure and content in the classroom. 

 
 
RESEARCH METHODOLOGY 

This research aims to know the application and implications of a collection of stories on the dilemmas of learning 
chemistry-based characters. The study was conducted at four different high schools with high school grade samples 10-
12. Time research was done in January 2015 – April 2015. Application of dilemmas approach stories with five methods: 
Thinking Aloud Pair Problem Solving (Tapps), Think Pair Square (TPSq), Think Pair Share (TPS), Think Talk Write 
(TTW), and Numbered Heads Together (NHT). Methodology this research is interpretive research. Moleong (2013:6) 
stated that the qualitative research intends to be able to understand the phenomenon of what is experienced by the subject 
for example behaviors, perceptions, motivations, actions and so forth, holistically with the described in the form of words 
or language in the context of the specific nature and utilize natural methods. The collection of data in this study are 
reflective journals, interviews and observations class. 
 
RESULTS AND DISCUSSION 
Dilemmas Stories Development 
Dilemmas stories development this dilemma through the research and development stage. There are 23 dilemmas stories 
has been developed in this study : Fertilizers Usage Dilemma, Sodium Nitrite in Processed Meat Dilemma, Bleach 
clothing Dilemma, Rice Whitener Dilemma, Aki Dilemma, Fireworks Dilemma, The Waste Dilemma, Minyak Jelantah 
Dilemma, Formalin Dilemma, Alcohol drinks Dilemma, Paracetamol Dilemma, Butter and Margarine Dilemma, Isotonic 
Drink Dilemma, Hawkers Dilemma, Vinegar Dilemma, Eye Drops Drugs and Soft lens Dilemmas, acetic acid dilemma, 
the freshness of carbonated beverage Dilemma, Antacid Drug Dilemma, Detergents Dilemma, Styrofoam Dilemma, 
Plastic Dilemma, Artificial Sweeteners Dilemma. The results of story assessment through the rubric provided to 58 
people consisting of Education Lecturers, Chemistry Lecturers, general practitioners, Specialists, and Chemistry teacher. 
The suggestions and comments of exposure the concept of chemistry in the story, can be seen as follows: 

 
"Need data maximum limit fertilizer use certain pertermin in every m 2 land, students will better understand their impact 

on the environment or our body" 
(chemistry teacher's suggestion, fertilizer usage dilemma, January 20, 2015) 

 
"This story will not only be understood by chemists and medical team only in the presence of assertiveness and policy 
from BPOM prohibitions is to society, if not then there will be no preventive action from the community itself. This is 

very helpful. " 
(The advice of general practitioners, processed meat dilemma, 11 January 2015)  

 
" Replace the reason of ethanol replacement with methanol is not because of the tax. Add a brief concept revolved 

around the end of the story " 
(Advice from organic chemistry lecturer, Dilemmas story of alcoholic drinks, 14 January 2015)  

 
" Dilemma story can be used as material for enrichment material solution (pH)." 

 (Chemistry Education Lecturer Comments, Eye Drops Drugs and Soft lens dilemma, 25 April 2015) 
 

Based on comments and advice given then it can be inferred that it need improvements in terms of chemical 
concepts such as addition of a brief concept surrounding the chemical material found in learning. Comments of experts 
suggests that the dilemma story developed can help teachers to make the story as material replicates. Moreover, students 
are able to understand regarding the application of chemistry in everyday life. 

Lecturer Education commented on the importance of the role of the teacher as a facilitator in the classroom. 
"Teacher/facilitator gives the way to the students on how to convey the impact of the use of bleach to others 

appropriately, either to the person who is older/mother or to a younger person (younger brother), especially the negative 
effects can be fatal"  

(Chemical Education Lecturer Suggestion 2, 16 February 2015) 
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“To answer the dilemma, students need resources from books and the discussion or from the facilitator (teacher). 

The facilitator or teacher should build the mind-set of the students according to the characteristics of age and grade in 
order to be able to answer and respond to the dilemma well “ 

(Comment Lecturer of Chemistry Education, Stories dilemma rice whitener, February 16, 2015) 
 
The role of the teacher as a facilitator is to facilitate students to make it easier to build patterns of thought that 

suits the characteristics of the age of the students to the learning objectives can be achieved with good. Related benefits 
of stories dilemma and suitability of application stories in chemistry learning, can be seen in the following comments, 
"The story is good but it must be adapted to students who live in urban areas, because far from agriculture and irrigation." 
(Comment Teacher of Chemistry, fertilizer dilemma, 20 January 2015), The impression that experts said that the 
dilemma story is able to initiate the students to be more critical and creative in learning, it is to note that the story of "The 
Dilemma Fertilizer" tells the plantation and irrigation conditions that may not be familiar with the life of students who 
live in urban areas. But the story is well applied to any area and it will enrich students with lots of information and 
introduces students to the natural wealth of the country especially Indonesia as an agricultural country. Based on the 
suggestions and comments, language and storyline still need improvement. Try viewing the images of interest in the 
story, in order to further assist story depiction. Language needs to be repaired so that the storyline better. (Comments 
Master Chemical, the former Aki dilemma Story, January 18, 2015).  

Furthermore, suggestions and comments related to the benefits of the story can be seen below: Question dilemma 
can still be developed further to improve students' critical thinking skills. (Suggestion chemistry teacher, batteries usage 
dilemma, 13 January 2015). So overall, the story is quite interesting and can be used in learning chemistry. The dilemma 
has presented reasonably related to the chemical concepts that can provide benefits for students in chemistry learning. 
Just how language, plot, and typing is still in need of repair. Overall, the story is quite interesting and can be used in 
learning chemistry. The dilemma presented enough associated with the concept of a chemical that can benefit students in 
learning chemistry.  
 
Implications of Dilemmas Stories 
Implications of dilemmas stories approach based upon known Dilemmas stories data obtained when the study took place, 
which consists of students’ interviews, reflective journals, and a class observation sheets filled out by the observer. 
 
Working with others 

Deciding the dilemma story problems students joined with other members in his group to discuss and think about 
the answer of the question in the story individually. They cooperate and exchange ideas to unify opinions and mutually 
appreciated the opinions of others. This is in accordance with the expression of a reflective journal Rina who said, “The 
conditions are conducive to fair group, we are able to brainstorm with the solution respectively. Good opinions and 
sense can be a strong reason for answer groups” (Rina journal, Reflective of the story the dilemma of Oil Jelantah, MIA 
X 10, High School A, February 12, 2015, TTW). Anton who students of class 12 science with Think Pair Share approach 
also provides the same opinion in which to complete the task they cooperate. Anton in a reflective journal stated, "We 
were given the task of group discussion where we can work together with friends and respect the opinion of a friend" 
(Reflective Journal of Anton, XII IPA 2 SMA D, 6 February 2015, TPS). 

Different things with Rina in class 10 that felt the cooperation between groups in solving problems of story. Andre 
in class 11 think that he's more dominant at the time of groups discussion, " in group discussions, I more dominate to 
give opinion. Because when there is a shared opinion, Haryo always follow my opinion. So he doesn't want to put 
forward his opinion "(interview Andre, Rice Whitener Dilemma, XI MIA 1, High School B, 24 March 2015, TAPPS). 
Comment also was given by Andre, then asked the explanation to follow ideas deemed Haryo friend. Haryo said that it is 
difficult to convey his idea, although the solution provided is the same but because he did not feel skilled in 
communicating so it was impressed following the advice of his friend. 

Based on reflective Researchers with TTW method. The teacher can see how active student’s role through 
discussion and assignment of groups. Through its dilemmas stories learning, students who had been very subdued, 
encouraged to state his opinion. Students who had been very dominant in the Group (most can talk), giving an 
opportunity to a friend in her group to state his opinion. At the moment the Group expressed his opinion about the 
dilemma solution, another group will listen to it carefully (appreciate the opinions of other groups). 

The results of the observation by the observer and teacher showed that students discuss and cooperate in deciding 
on solutions to resolve issues contained in the story. Solutions created every groups, provide an indication that the 
decision was taken, was a joint decision that already primed impact and result of all aspects which are already primed. 
From the use of dilemmas stories approach can be concluded that stories can develop the ability to work with others 

 
 
Empathy Communication  
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Dilemmas stories can increase students' ability to listen or to understand before being heard or understood by 
others. So, students more appreciate other students’ opinions, respecting opinion differences, and taking a solution based 
on mutual agreement. As at the time of the interview Tina said, " My group discussions run smoothly. Each member 
consulted dilemmas story of batteries usages, various opinions emerged about the dilemma story of used batteries. But 
we always respect each other's opinion is required to looking for the solution of the problem of used batteries, which 
really made our dilemma” (Reflective Journal Tina, X MIA 10, SMA A, 4 February 2015, TTW). A sense of empathy 
towards dissent expressed by Ivan in his journal, reflective "I can communicate and appreciate a variety of opinions from 
friends and exchange of thoughts" (Ivan Journal, Reflective Stories, Paracetamol Dilemma, XII IPA 10, High School D, 
6 February 2015, TPS). Empathetic communication occurs when Rizka and Amel in one group interviewed 
simultaneously:  
 

Teacher: on the story's dilemma Butter and margarine, is there any opinion differences between you?  
Amel: we are in one group. I chose butter because it retains flavour.  
teacher: How about you Rizka?  
Rizka: I'd pick the margarine. Although She and two other friends more sifting through butter. So, I accepted 

major opinion.   
 

From the results of the interview two students in one group with Butter and Margarine dilemma story suggests that in the 
student’s discussion there was a majority. However, other students who prefer margarine received opinions but still gave 
his opinion at the time of the discussion. Based on reflective researchers who apply the methods of application of NHT 
dilemmas stories is a challenge for use in class 12 with various tribal cultures, where students are able to find solutions in 
a variety of disciplines as well as a good way to understand the emotional intelligence of students. Based on the phrasing 
of the above students, students learn to exchange opinions, appreciate others ' opinions and communicate each other 
respectively in order to solve the problem more easily. 

 
Critical Thinking.  

Critical thinking ability was seen when the students delivered his opinion in the discussion groups and also at the 
time in front of the class. Students are able to think of the advantages and disadvantages of the solutions involved. 
Critical thinking ability is categorized with the statement, namely: 1) students begin to think critically with the values and 
character that are owned, 2) students begin to do reflection of their own ideas, and 3) students will have a better 
understanding about values and character. 

It is as expressed by the student named Bob who think about the dangers of Styrofoam, "because dilemma story, I 
think critically to the problems Styrofoam hazard for humans" (Reflective Journal Budi, Styrofoam Dilemma Story. XII 
IPA 2, High School D, 6 February 2015, the TPS). While Diamonds which get method in class TTW argues, "While the 
Think phase where I should think myself the solutions of story, I feel challenged and think how I was going to write down 
the solution." (Diamond Interview, Ditergen, XI Dilemma Story MIA 4, Senior High School A, 19 February 2015, 
TTW). In addition to feel as like as a main character in the story, diamond also began to realize that as a student he 
should start practicing and provide solutions to the problems that occur in the environment. 

Overall based on reflective journal students, interviews result and observations conducted during the research 
observer, learning approach to dilemmas stories make students think critically. This research has been in accordance with 
previous studies regarding the dilemmas stories approach done by Taylor and Taylor (2009), the dilemmas that stories 
can develop critical thinking abilities of students. 

 
Contextual Chemistry 

Contextual Chemistry is the study of chemistry based on everyday life in order to facilitate students to study the 
chemistry concept. With presented dilemmas story in learning process are expected to make students to apply the 
knowledge in the life of society. In accordance with the opinion of the Linn's (2000) in the King (2008:12) stated that, "If 
students can connect the ideas that he obtained in the classroom into the context of life. Then, they will apply the idea 
came out of the class. In contrast, when students cannot connect what they can in school with everyday life, they would 
ignore what they get at school ". 

Dika, a student at class 12 felt that alcohol is easy met in the community, Dika said: "Very close to the real story. 
The alcohol drinks sold in supermarkets, Indomart, although with a certain percentage level. When I went to the village, 
there are stalls that sell liquor like a hat tilted "(Interview Dika, Dilemma Story Alcoholic Beverages, XII 10, Senior 
High School C, January 23, 2015, NHT). In addition to chemical applications can be found in everyday life, students can 
associate the chemical concepts that have been studied with everyday life. It is as said by Tobi, "I think we can better 
understand chemistry concepts with stories that have been provided and with examples in everyday life. Just as the 
concept of oxidation reactions that occur in cooking oil. "(Reflective journal Tobi, Used Cooking Oil Dilemma Story, X 
MIA 10, SMA A, February 4, 2015, TTW). 

Chemistry contextual learning with approach dilemmas stories sensitize students about the importance of student 
knows chemical hazards to health. This was disclosed by a student named Susi, "The story is related to the daily life of 
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me this story reminded me to maintain health after I read this story, I became curious to know what is contained in the 
smoke, a disease caused if too often inhale smoke. "(Reflective journal Susi, XI MIA 5, SMA E, 17 February 2015, 
TPSq). Learning with chemical contextual also make students care for each other so that the students are also able to 
remind her, "I am quite interested, because it may be the story of this dilemma I can warn my friends about the dangers 
of the polluted air and isotonic beverages." (Reflective journal Raditya, XI MIA 5, SMA E, 17 February 2015, TPSq) 

Based on the data that has been described, it can be seen that with learning used dilemmas stories many students 
realize of the chemistry role in life. In addition, students are also aware that there are chemicals that are very useful in 
life, and there were also chemicals that is bad in life if they do not use it carefully. 
 
Motivation 

Meaningful learning will benefit the students with the advent of the student motivation to do better learning. Some 
of the motivation appears that the motivation to learn and motivation to achieve goals. Wanda positive response 
following a student who is motivated to learn chemistry by using dilemmas stories, "I think the story really motivates us, 
because each chemical relates to better understand the chemistry lessons through stories. (Interview with Wanda, 
Dilemma Story Acid Vinegar, XI MIA 5, High School E, 24 February 2015, TPSq). In contrast to Wanda, Arda were 
sitting in the class 12 wants to continue his dream became a businessman. Arda said, “dilemma stories about students 
who start a business after high school. Makes my heart touched. I have to prepare my future better. I will be a student 
and an honest businessman.” (Interview Arda, Formalin Dilemma story, XII 10, High School C, January 23, 2015, 
NHT). From interviews showed that students of class 12 have own study and reach his goals as an entrepreneur.  

Application of stories dilemmas approach has an impact on decision-making by considering the merits for 
themselves and the environment, learning chemistry with the dilemma story makes us motivated to always consider what 
steps we will take to resolve the problem. Do not let the worst thing happen because we are not careful. (Interview Ridho, 
X MIA 10, High School A, February 4, 2015, TTW) 

Based on the opinion of students through reflective journals and interviews, it is known that the dilemmas Stories 
learning approach motivates students to study chemistry in further learning, searching for other information related to the 
unknown chemicals in life, and are motivated to learn the story of another dilemma. It is also supported by research 
conducted Tsankov (2012) note that the motivation of students allowed researchers to track and differentiate students in 
problem solving. Motivation in the learning process affects the objectives, activities and efforts of students in 
experiencing a certain situation. So it can be critical solutions will be more pronounced in more motivated students. 

Support teachers is also a factor to increase student motivation. Teachers play an active role in the classroom, 
especially to motivate the students to argue and participate in classroom learning. Teachers are expected to act as a 
facilitator and motivator in the learning process so that students are actively involved in learning. Support teachers to 
learning that always motivates students, when students began less serious, the teacher tries to give the spirit so that the 
student gains spirit again. Ricky following statement: 

"When we complain because tired of writing dilemma and not 
do nothing, the teacher always encouraged us to think more deeply 

and for a short time, then we are required to think critically" 
(Reflective journal Ricky, XI MIA 5, High School A, 11 Maret 2015, TPSq) 

Aaron when the initial learning is less interested in the discussion group said, "The teacher made me realize so much that 
I have much to learn" (Interview with Aaron, XII 10, January 23, 2015, NHT). The interview of the teacher support is felt 
by the students in the form of motivation to learn a lot, and reminded to respect the opinion of friends. Another opinion 
regarding support teacher helps students appreciate other people's opinions, expressed by students as follows: "I think the 
teachers are getting students to think, by the way around the classroom and ask each about the solution of the dilemma 
story we're reading." (Interview Dimas, X MIA 10, SMA D, February 4, 2015, TTW). While the conclusions related to 
the role of teachers in learning is the teacher plays an active role in the classroom, especially to encourage students to 
think to solve the dilemma contained in the story, motivating students in the opinion, to participate in the classroom, and 
to monitor whether students value the opinions of other students is currently being discussed. 

There are few records of researchers who approach dilemmas stories with the Thinking Aloud Pair Problem 
Solving (Tapps) method: "The dilemmas stories approach is applied in teaching chemistry is quite effective, but need 
teaching strategies which are attractive because students are easily bored if always used stories and discussion. students 
are more enthusiastic when you approach dilemmas stories interspersed with watching videos or show real things in the 
story. overall the students seemed interested and enthusiastic, if you want to apply to further their understanding of 
teachers on students' character and social conditions around students ". 

Based on reflective researcher with TPSq methods, integration dilemmas stories approach can be applied in 
chemical materials to convey concepts related to everyday life. Teachers should promote creativity in applying the 
approach to make it more interesting dilemmas stories and motivate students. According to Millis and Cottel 
(Nurkhasanah, Mulyani, & Utomo, 2013:25) TPSq techniques provide an opportunity for students mengonstruksi 
knowledge independently (stage think), correcting the understanding acquired and improve understanding on the process 
stage i.e. tutorial pair and square due to the process of communication between members. 
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School teachers give opinions regarding dilemmas approach stories with methods Tapps, learning chemistry with 
dilemmas Stories approach actually support the learning process. If for suitability, actually indirectly should be with a 
certain subject, but a common material or collaboration between subjects as project base learning. This is in accordance 
with the research of TAPPS Jeon, Huffman, and Noh (2005) cited Benham (2009) found that the method of problem-
solving in the TAPPS increases trouble study of chemistry in high school students. It would be more suitable. While 
according researchers applied the method think talk write in class expressed by the application of the approach dilemmas 
stories Students will be more motivated spirit and minimizing's kidding themselves with the teacher giving a time limit 
for each stage of learning dilemmas stories and giving extra points to groups that can find and write the solution of the 
dilemma quickly. 
 
Curiosity   

Another implication arises the student’s curiosity after studying chemistry with dilemmas Stories approach. 
Students are also influenced by the student's interest in learning is presented by the teacher. Like Rianti said, "I want to 
know another case related to salt hydrolysis. That is certainly no way of production, the establishment and all that stuff. 
So much curiosity that leads to life. It feels like it's now the food contents of all. "(Interview Rianti, Sodium Nitrite In 
Processed Meat Dilemma, XI MIA 5, High School B, March 6, 2015, Tapps). Students also provoked curiosity about the 
dangers of a chemical compound, "after I read this story, I became curious about what is contained in smoke, a disease 
caused if too often inhale smoke." (Reflective journal Zahwa, XI MIA 5, SMA E, 17 February 2015, TPSq)  

Based on interviews and observations can be seen that the students are interested in learning to use dilemma 
stories, because students become aware of how chemistry is essential for life. Chemistry is essential for life because of 
learning in dilemmas story related to everyday life. Implications want to know the students who looked at this research, 
supported by the Zion and Sadeh research results (2007), which revealed that curiosity in students will explore his 
abilities. Although students have similarities in student achievement, but based on research results that the difference is 
the level of curiosity and initiative during the learning process. 

 
Confidence 

Dilemmas stories approach carried out in groups. Students felt more confident and felt more comfortable if the 
study with colleagues. This was stated in an interview Kurnia said, "I'm Pretty confident, if usually I have an opinion just 
stay quiet. But this idea was really to be delivered to another group. "(Interview Kurnia, Dilemma Acid Vinegar, XI 
MIA 5, SMA E, June 3, 2015, TPSq). In addition, self-confidence increased is also known from the results of Dian’ 
reflective journal, "After learning of this I became more confident and because the story of this dilemma requires 
students to be active in learning." (Reflective Journal Dian Story Dilemma Drinks Carbonated, XI MIA 4 , High School 
D, January 30, 2015, TTW) 
In conclusion based on interviews and reflective journal showed that dilemmas stories approach arise in the students' 
self-confidence means dilemmas stories approach can change individual habits of students who tend to be brave to share 
information with others. So Dilemmas stories approach can improve students' ability to receive and convey opinions and 
arguments. 
 
Responsible 

By using dilemmas stories approach students are asked to be responsible individually for the material handled in a 
cooperative group. As stated in the interview Zenal that said, “we should be ready with a joint decision. Because we 
cannot predict whether the number we have in order to deliver its opinions to classmates.” (Interview Zenal, Formalin 
Dilemma, XII 10, High School C, January 23, 2015, NHT). Responsibilities arise not only during the discussions to solve 
the problem, but also when making a poster and to complete the task. As the interview follows Grace, "when making a 
poster that me and my friends to learn responsibility in the issuing of creative ideas" (Interview Grace, Carbonated Drink 
Dilemma Story, XI MIA 4, SMA D, June 3, 2015, TTW). Based on these interviews, it can be seen that the students felt 
more responsible for their group assignment. Students felt responsible for coordinating the other members of their group 
in order to achieve the goals of their respective groups. Takes responsibility for all the work, both individual and group 
quickly completed and the students really felt responsible for a given task 
 
Dare  to Argue 

One implication expected after chemistry learning with dilemmas Stories approach is the students' ability to 
communicate with others. Empathy communication and cooperation attitude will be supported if students dare to argue. 
One of the supporters argued daring attitude is the emergence of self-confidence of students to be able to convey ideas to 
others. It's like Evi expressed as follows, "Learning with the dilemma story made me more confident and more 
courageous speech." (Interview Evi, Dilemma Fertilizer, XI MIA 5, High School E, March 17, 2015, TPSq). With the 
rise of self-confidence in students to express their opinions were considered true cause of bold flavours for his opinion. 
Such as when the student provides a solution to the dilemma the story question, another student interested in providing 
other solutions that are considered better so that there is a debate between representatives of the group. One of the 
debates that took place in the classroom, namely when Formalin dilemma. 
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Dilemma’s question: What would you do in your efforts, continued use of Formalin or not use it? 
Rina: Certainly, not use Formalin on the food. According to us, we prefer to use a natural preservative. 
Vega: I do not agree with a student group. Our group thought to keep using Formalin on meals out with fewer 
levels. Basically as a trader they just looking for profit. 
Lintang: I think in Islam is very clear, Allah will curse dishonest merchant. In the story explained that the father 
asked his son to be honest in the trade. 
(Teacher): In the introduction was made clear that Formalin is used as a preservative. And there is no specific 
levels that are allowed to be added for foods. Formalin is added to the food is harmful to the body. So, Formalin 
should not be used at all as food additives. 

 
Dare to argue attitude expected to develop soft skills in students so that the students could play a role in learning 

and accepted by the surroundings. This is supported by Taylor, Taylor & Chow research (2013) that learning through 
dilemmas Stories approach gives students the opportunity to practice making decisions and finding solutions that involve 
issues of sustainability. So if it is associated with this study, the students are trained to be responsible and brave argue 
convey ideas 
 
Creativity 

The creativity that emerges from within the students felt by students, especially when working on and deliver 
output from learning discussion with dilemmas stories approach. The results showed that students in the form of posters 
and drama presented in video form. This was disclosed by Abi as follows, " I feel more creative and innovative, 
especially in video editing." (Interview Abi, Bleach Clothing Dilema, XI MIA 1, High School B, March 17, 2015, 
Tapps). Based on reflective researcher with Tapps method, students are more enthusiastic when dilemmas Stories 
approach interspersed with watching videos or show real things in the story. Overall the students seemed interested and 
enthusiastic, if you want to apply for further understanding, teachers need to understand about students’ character and 
social conditions around the students. 

Through good cooperation, students are trained to explore new creative ideas. The idea also arose when students 
offer solutions to the dilemma stories Butter and Margarine and Paracetamol. Andi said, "Do I prefer to mix Butter and 
Margarine with different amounts e.g. margarine a tablespoon and butter a teaspoon simultaneously, whether it can 
cause poisoning?" (Discussion Students, Stories Dilemma Butter and Margarine, XII 10, SMA C, February 6, 2015, 
NHT). Students gave opinion in the interviews showed that students are already getting used to accept any opinion or 
creative ideas that exist. Although students find it difficult to put aside his desire defending the idea that he thinks is 
correct, but students may listen humbly to others advice. Students who felt an increase creativity were the students who 
took part in the execution discussion results. This is evident from the comments that students took the role of ideas, 
drawing posters and also the video editing. 

Schoolteachers give opinions on the application of the approach in the classroom dilemmas stories that learning 
with the story of this dilemma very well, can motivate students. Making a poster at the end of learning to train students to 
be more creative. The story presented is very interesting, can make students aware of the proximity of chemical concepts 
to everyday life and can be used as a learning material related to everyday life. 
 
Reflection on values 

Students who accept and understand very well be able to reflect on the values which are encountered in everyday 
life, including the social relationships with others and the tendency of students to reflect on the values that exist in other 
people who influence or contrary to the values that were previously it has been understood by the students. Students who 
know a variety of news circulating, reflect his character so that it appears hesitant attitude to learn something. Once 
students understand the dilemma of the story, the students reflect the values of the party suspected by the student is 
responsible in such cases. This was disclosed by Zahra, "Through this story made me think, the heart of people who do 
that, the rice was given bleach when she knew the dangers for human health only for profit." (Reflective journal Zahra, 
Whitening Rice Dilemma, XI MIA 1, High School B, March 6, 2015, Tapps). Students comments showed that students 
assess the actions of unscrupulous profiteers, whereas according to the students it can endanger the health of others. 

Students also reflect on the values in the story to be compared with his life. As well as telling Rino penchant for 
eating instant noodles has been reduced because they know the danger, so that students feel parents should be able to 
supervise the child's diet. This is expressed in the following interview, "How come there are parents who do not forbid 
their children to not eat it every day. I think if there are parents like that it seems inappropriate at all so the parents. That 
in myself alone, for example instant noodles, I love it. But I often think of making the dangers of many preserves. So I 
like to think, never mind do not eat. Moreover, the parents should educate their children to be true, but why given food so 
every day. "(Interview with Rino, XI MIA 1, high school B, March 6, 2015, Tapps). Reflection on values carried in the 
form of comments to the thesis of the story dilemma. This was disclosed by the students as follows: "I think the character 
development has been carried out of the discussion in the class up to the task. But it is rather lazy for Indonesian students. 
Create a movie or other tasks have been lazy so hard to look good changes. Even though, so that would seem to change 
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their business. "(Reflective journal Sprott, XI MIA 1, high school B, March 6, 2015, Tapps). The students' opinions 
indicate that the student judge others if contrary to that understood, or if the realized values are not supposed to be there. 

The implication that the student is able to reflect on the values during the chemistry learning process with 
dilemmas stories approach. This is supported by Taylor, Taylor, and Chow research (2013) that the dilemmas Stories 
approach enables students to reflect dilemma question individually, write and give reasons for that decision, so that 
students get involved with her personal values. This successfully engage students from academic diverse abilities and 
socio-cultural background to emphasize the personal values that they believed previously. So that students are more able 
to look broadly and contextual to the problem in dilemma story. 
 
Religious 

One of the implications that appears is fear of God for what we do in everyday life. Religious attitudes showed 
when Formalin problem read by students and other students who give an opinion to students who argued to keep using 
Formalin on meals. These religious attitudes also appear on the sheet discussions, and students’ interviews. 
Dealing with the Formalin issues, making students reflected their values such as religious attitude shown during the 
students’ discussions where one of the students named Yoga said, "It should be when we do something, we have to 
realize that every action is recorded by an angel. Religious education is very important "(Discussion Yoga, Dilemma 
Story Formalin, XII 10, SMA C, January 23, 2015, NHT). Religious attitude is the character of the Indonesian nation. 
From an early age students are introduced to religious education either at home or at school. So with the religious values 
of the students may face differences in diversity includes differences of opinion. So with religious attitudes, such as fear 
of God when cheating such as adding Formalin to meals. Action can minimize fraud and division. It can be concluded 
based on the results of discussions, interviews, reflective journals, and observation shows that students have a religious 
viewpoint in any action to be taken. 
 
CONCLUSION 
 

Dilemmas stories approach has been developed based on constructivism principles with a variety of learning 
methods for instance, Thinking Aloud Pair Problem Solving (Tapps), Think Pair Square (TPSq), Think Pair Share (TPS), 
Think Talk Write (TTW), and a method of Numbered Heads Together. These methods impact to chemistry learning at 
class and character development of students. This learning can develop the character of the students on the aspects: a: 1) 
Working with others, 2) empathy communication, 3) critical thinking, 4) responsibilities, 5) dare to argue, 6) thinking 
creativity, 7) a reflection of the values, and 8) religious attitude. 
Research dilemmas stories on chemistry learning dilemma has produced a collection of stories that fit the curriculum in 
the field of the study of chemistry and chemistry can be used on a character-based learning, such as: Fertilizers Usage 
Dilemma, Sodium Nitrite in Processed Meat Dilemma, Bleach clothing Dilemma, Rice Whitener Dilemma, Aki 
Dilemma, Fireworks Dilemma, The Waste Dilemma, Minyak Jelantah Dilemma, Formalin Dilemma, Alcohol drinks 
Dilemma, Paracetamol Dilemma, Butter and Margarine Dilemma, Isotonic Drink Dilemma, Hawkers Dilemma, Vinegar 
Dilemma, Eye Drops Drugs and Soft lens Dilemmas, acetic acid dilemma, the freshness of carbonated beverage 
Dilemma, Antacid Drug Dilemma, Detergents Dilemma, Styrofoam Dilemma, Plastic Dilemma, Artificial Sweeteners 
Dilemma. These story have been associated with the concept of a chemical that is in accordance with the curriculum used 
in Indonesia 
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Abstract: This research aims to improve students interest and learning outcome on heredity by using role playing 
method. This two-cycle classroom action research was conducted in 2013-2014 with 30 students who were in 11th grade 
of MAN 4 Jakarta as the participants. The results showed that the implementation of role playing method can improve 
students interest and learning outcome due to the good plan and learning process with role playing method, the suitable 
learning material, and students characteristics recognition. Based on the results of questionnaire of interest, students were 
interested in learning process using role playing. The average number of students who achieved the minimum of 
completeness criteria (KKM) on the first cycle was 60% (18 students) and on second cycle was 76.67% (23 students). 
The average scores which was achieved on the first cycle was 72.05, while on second cycle it increased to 80.10. 
Therefore, the implementation of role playing method on learning heredity can improve the interest and students’ 
learning outcome. 
 
Keyword: Classroom action research, role playing method, student interest. 
 
 
INTRODUCTION 
 

Learning method is one of the components on learning systems which has big role on goal achievement. The 
application of various learning methods is one of the ways to make learning become more effective (Rusman: 2012). 
Learning method which is used must be adjusted to the condition and the atmosphere of the class since students' abilities 
in concentrating and understanding are different from one another. 

In fact, teachers are not creative enough to use different methods to encourage students to be excited and love 
the lessons (Putra: 2013). It simply means that learning activity is still focusing on teacher rather than involving students. 
The method that is still often used is lecture method or classical learning - students just sit and listen to the material 
delivered by teacher, which is boring and monotonous. This method makes the students can only memorise the lesson not 
apply it in daily life. The observations and data collected on odd semester in 2013-2014 showed that most of the student's 
Biology scores on 11th grade are still below the minimum of completeness criteria (KKM).  

The learning outcome that had not been higher than the minimum of completeness criteria might be caused by 
the learning process which is not maximally carried out, so learning goals cannot be obtained. Learning process is related 
to teachers, students, and learning material. The lack of teachers' capability in controlling the class, selecting the 
approaches or the suitable method and mastering the learning material can be the factors that make the goal 
unachievable. The students background including intelligences, family, and environment can influence the learning goals 
achievement and also the difficulty level of the lessons. Based on the above issues, improving student learning 
achievement can be done by selecting and implementing appropriate methods. 

Role playing is one approach that can be used in the Biology learning process. This method is expected to make 
the learning process in the classroom become more interesting. According to Blatner (2009), role playing is a method that 
can be used to help students understand many literature aspects, social sciences, and even some aspects of science or 
mathematics. Additionally, it can help them to be more interested and involved, not only in learning the material, but also 
learning to integrate the knowledge into action to solve the problem, explore alternatives, and find new and creative 
solutions. Kofoed (2006), in his research, concludes that role playing is a way to present physical concept which can 
develop students' interest in science. Edgar Dale in Sanjaya (2006), explains that role playing is a direct learning 
experience that makes students tend to remember 70% of what is said by participation in discussion or presentation.   

Heredity is one of the topics in biology that must be learnt by the students in high school / Madrasah Aliyah 
(Islamic High School). Heredity material contains the concepts of genetics substance, cell fission and inheritance of 
genetic traits to their offspring. Heredity material contains facts and processes that occur in cells. The process cannot be 
observed directly and is abstract, so students are difficult to understand. All this time, this material was delivered 
verbally, so students can only memorise without understanding the processes that occurred. 

Role playing is one of the methods that can be used in learning heredity material. This method can help students 
building the concepts and improving their learning (Mc Sharry & Jones; 2000). For instance, students can play a role as a 
component in the process of protein synthesis or chromosomes in cell splitting process. Therefore, the students will try to 
understand the process more in order to play the role perfectly. Such conditions can make students become more active 
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and attentive to fulfil their curiosity. It can also construct students' interest to build their understanding on the heredity 
material. 

In connection with the problem, it is necessary to improve learning process. This improvement can be 
done through action research carried out in the classroom or Classroom Action Research. Therefore, research 
in learning Heredity in Madrasah Aliyah Negeri (MAN) 4 Jakarta 2013-2014 school year using role playing 
approach was conducted. This research is expected to be able to improve and increase the interest and student 
learning outcomes on the heredity concept. While the reasons for the role playing selection are to make 
students able to develop their knowledge and improve their actualization in understanding the learning concept 
through action research. 
 
RESEARCH METHODOLOGY 
 

This research used classroom action research model which consisted of four stages: planning, action, 
observation, and reflection. This study was conducted in two cycles. The first cycle comprised three times meetings and 
the second cycle included four times meetings. Researcher who acted as a teacher was assisted by an observer in the 
action process. 

The learning implementation in this study was using role playing method with the following stages. First, the 
learning material was presented by the teacher. The material in the first cycle was the protein synthesis and in the second 
cycle of cell division material. Secondly, role playing method and the steps that should be implemented were explained 
to the student so they can understand. Third, students were divided into groups based on the number they  said, students 
who said same number were assembled in the same group. Fourth, each group discussed the problems that were given by 
the teacher to determine the role and storyline of protein synthesis process and cell division. Fifth, each group play a role 
in turn, while the other group watched the showing group performance. Sixth, further discussion, each group gave 
comment to other groups performance. Seventh, teachers led students to make summary. 

The implementation steps in second cycle was basically equal with the first cycle. The difference was the group 
division. In the second cycle the students were divided into three groups by the teacher after seeing the students' 
intelligence and the liveliness in the first cycle. The teacher set the groups up in this cycle so the aspects, liveliness and 
intelligence, were evenly distributed. Indicators of success in this study is the increase of students' interest and the 
learning outcomes after using the method of role playing in the learning process. The increase of students’ interest can be 
seen in the questionnaire of interest. The increase of learning outcomes deemed successful if at least 75% of the students 
got score 76. 

In connection with the success indicator, the data collected in this study is the result of observation, the results 
of reflective journals, interviews, questionnaire results and the test results. All data were taken into consideration for 
analysis and reflection. The reflection results were used as a consideration in taking further action, whether the action 
will be continued or stopped. Action will be continued in the next cycle if it has not reached the goal, but it will be 
stopped if the goal is already achieved. Participants in this study are 30 students of class XI IPA 4 in the first semester of 
school year 2014-2015 in Madrasah Aliyah Negeri (MAN) 4 Jakarta. 
 
RESULTS AND DISCUSSION 
 

The findings in this study are based on group division and the level of difficulty of the material. This section 
describes the findings in each cycle. 
The first cycle 

The group formation in the first cycle on protein synthesis material was less effective. It can be seen during the 
group discussions, not all students were actively involved. They were just talking to friends or even busy with their 
mobile phone. It means that the grouping was not effective. For example, in one group, there was a member with high 
level of intelligence but was uncomfortable with the other member of the group. Therefore, group formation is very 
important in role playing since learning in groups can foster a spirit, sense of cooperation, and it is expected that the 
results will be better. 

Based on the analysis of questionnaire of students’ interest results, in the first cycle, the average score of 
students' interest was 79.56%, which means that the students were interested in learning the synthesis of proteins material 
using role playing. Interviews and students' reflective journals suggested that role-playing was a method that give a new 
atmosphere, excitement and fun because the students were demanded to move so it was not boring. The activity in role 
playing also established cooperation between students so they become more creative. The statement is written in the 
following student reflective journal. 

 
In my opinion, learning using role playing was very good. This method was quite interesting because the 

students learn to understand something while playing and be expressive, build cooperation among others and 
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make the students become more creative. 
(Reflective journal, P: 28, Monday, 19th May 2014) 

 
The interview results from some students showed that studying with role playing method made them not 
sleepy. Role playing methods make them become creative due to the task given. The following is excerpt 
students interview. 

 
Role playing was fun. Learning with the regular lecture was just so tense and sleepy. With role playing we have 

task to be done so we become more creative. 
(P8, Tuesday, May 20, 2014) 

 
According to Table 1 the student learning outcomes in the first cycle was 60% (18 students) of the 30 students 
have reached completeness criteria, with an average score of 81. The remaining 40% (12 students) of 30 students 
had average score below KKM, 59. The average score achieved was 72.05. This means that the first cycle has 
not reached the standard expected target, because learning completion is still below 75% of 30 students. 
 

Table 1. The Scores of Students Learning Outcome in Protein Synthesis in First Cycle 

No score Completeness ∑ students % 
The average score 
of students 
outcomes  

1 ≥ 76 Completed 18 60% 81
2 ≤ 75 Uncompleted  12 40% 59
 

Students who have achieved score above the KKM stated in reflective journal that they understand better the 
protein synthesis material using role playing. To play the scenario of the process of protein synthesis, the student must 
repeat and remember the steps in this process. Here is the student's statement about understanding protein synthesis 
material after learning using role playing.  
 
Sufficiently understand and immediately imagine to theories of synthesis protein process that have been learned. Because 

it is directly performed, so we do not have to only learn the theory. 
(P: 18, Monday, 19 May 2014) 

 
Students who achieved score above KKM also stated in the interview that in order to act one of the role in the process of 
protein synthesis, they have to learn again. This made the students understand more because they have to repeat the 
lesson.  

 
... I understand more because we have to learn again to play the role.  

(P22, Tuesday, May 20, 2014) 
 

Students' reflective journals and interviews results displayed that students should become more familiar and 
easier to remember a lesson after using role playing method in learning the protein synthesis material. Mechanism or 
process of protein synthesis can be illustrated clearly so the students can memorise it more easily. Moreover, the student 
must repeat the lesson to perform their role properly. However, in fact, the average score of students learning outcomes 
was still below the KKM. One of the reasons for this is the ineffective group formation, which made the cooperation 
among members did not run well. 

One of the student statements written in the reflective journal expressed that some friends in a group just 
depended on the other friend in the group. They were only waiting for orders given by another friend who was 
considered smart. Thus, not all of the students can understand the material protein synthesis. 
 
... Role playing did not guarantee that all students will understand the lesson well. In my opinion, it the reason is that this 

is a group assignment and many students relied on smarter friends only, so they were just waiting for orders. 
(P.18, Monday, May 19, 2014) 

 
The results of students’ interviews stated that the good cooperation between the groups depended on member 

response. If the members are easy to cooperate, the discussion will run well and effectively. The following is students 
interview excerpt. 

 
... but it was less effective, because not all of the group members were responding to the task given. And teamwork was 
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depended on the members of the group .... 
(P.22, Monday, May 20, 2014) 

 
The research and the observation results were discussed with the observer to reflect on matters related to the 

study in the first cycle. The discussion resulted that there were several things that should be corrected in the first cycle, 
namely: (1) The lack of cooperation among group members; groups discussion did not run properly so the performance 
of the role-play was not optimal. (2) The insufficiency of students' encouragement; not all of the students were actively 
involved. They were still shy and afraid to express their opinions. (3) The students still did not understand the role 
playing method for the first implementation. (4) Students felt that the time for discussion is not enough. (5) 40% of 30 
students still obtained score below KKM and the average score acquired by the class was also below the KKM. 

To overcome the obstacles encountered in the first cycle, some changes were made in the second cycle, 
including: (1) The group forming remained entrusted to the students but teachers can intervene if there were a group that 
is considered unable to work together to see the effect on communication within the group. (2) Teachers provided 
adequate time to prepare scenarios and properties. (3) Teachers accompanied and guided students to understand the roles 
and the existing materials for group discussions. (4) Teachers encouraged the students to be dare to express their opinions 
in the discussion forum. 
 
The Second Cycle 

The second cycle of action was an improvement from the first cycle. The division of the group in the second 
cycle was basically equal to the first cycle, but there was little teacher intervention. Students who were passive but with a 
good level of intelligence was separated in order not to be in one group. Teachers ensured that each member of the group 
have role and understand their roles. Furthermore, the teacher also motivated students to make the property and more 
creative scenarios. The group division performed in the second cycle was expected to foster collaboration among 
students in group discussions. All students were more active. They tried to understand the learning concept whose role 
they will play. At the implementation of role playing, the students seemed understand the steps of role playing method 
and understand the cell splitting concept, so the students were better prepared in playing their roles. This indicated that 
students' interest increased in second cycle. 

Students interest can be noticed from the joy, excitement, attention and curiosity. Students said he was happy 
with the role playing method used in the study because the role playing make them move, so they did not feel tired and 
sleepy. Students pleasure in learning using role playing was revealed in the interviews  

... role playing was fun, more moves, so I didn't get bored ... (P: 22 Tuesday, May 20, 2014).  
 

In addition, the method of role playing make students interested in learning. Students can work together, actively and 
creatively and were free to express their opinions. This was shown in students writing. 

 
...we can work together and easily express our opinion ... (P, 26, Tuesday 10 June 2014),  
 
and additionally student said in the interview that 
 
 “It was interesting and active. So we become creative ...” (P.6. Friday, June 13, 2014) 
 
The attention to lessons was also an indication of student interest. Students were required to pay more attention 

and focus on the material in the learning process with role playing method, because they have to play some roles. To act 
well and be accepted by their peers, students should be able to understand or comprehend the material. The statement can 
be viewed on the following students' reflective journals. 
 

I can be focused more on studying Biology because I have to perform as well as respond to the friend roles. 
(Q17, Friday, June 13, 2014) 

 
The role playing learning process that showed the students creativity will escalate the curiosity of the students so they 
understand the lesson better. Student writing on a reflective journal suggested that students should read more to play a 
role. It can be observed in the following quoted interviews:  

 
... because of the role, we should read more. (P.5. Tuesday, May 20, 2014). 
 
Based on the analysis of the questionnaire of student interest results in the second cycle, the average score of the 

students' interest was 85.22%. It means that most of the students have a high interest in learning cell division material 
using role playing. The increase of students' interest possibly because students already understood the steps in role 
playing method, so they tried to do their best. Better cooperation among group members was also the factor that lead 
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students' interest to grow. Role playing method applied on learning cell division material was fun. It made students 
become more creative. The following is the excerpt of student interviews. 
Interesting and creative. We can be more creative and strive for better performances. Other members of my group were 

cooperative. 
(P.14, Friday, June 13, 2014) 

 
Interviews and reflective journals demonstrated that having a high interest in the learning process with role playing 
method is expected to affect student learning outcomes. This can be seen in Table 2. 

Table 2. The Scores of Students Outcome On Cell Division in Second Cycle 

No Scores completeness ∑ students % 
The average scores of 
student’s outcome  

1 ≥ 76 Completed 23 76,67% 83 
2 ≤ 75 uncompleted 7 23,33% 70 
 

The table of learning outcome score acquisition in the second cycle revealed that as much as 76.67% (23 
students) of the 30 students achieved completed score (above KKM), with an average score 83. While 23.33% (7 
students) of all the students were still unresolved, the average score obtained by all of the students has reached KKM 
which was 80.10. This means that in the second cycle, the standard expected targets, such as learning completeness by 
76.67&% of 30 students and the increase of interest average, have been achieved. 

This data was also supported by the results of students' reflective journal stating that by playing a role, they 
were easier to remember the processes that occurred in cell division as in the following reflective journal writing  

... it is easier to remember the process and the locations of cell division .... (Q21, Friday, June 10, 2014). 
 

Results of interviews with students also suggested that the role playing method helped them to remember and understand 
the cell division material, because to perform the process of cell division they must learn more. Other groups 
performances also made them understand. It is stated in student's interview excerpt 

I became more aware, because we have to learn more, and seeing another friend playing a role made me more 
comprehended. 

(P.14, Friday, June 10, 2014) 
 

Another thing that was discovered in this study was that there were still students whose score of the test results 
were still below KKM though their interest were still increasing. The students claimed that the material of protein 
synthesis was less than the material of cell division, so it was easier to learn the protein synthesis. As stated in the 
following student interview excerpt. 
 

The material of cell division was too much. The material of protein synthesis was less, so the learning was also easier. 
(S.2. Wednesday, 26 November 2014). 

 
The highest score in the first cycle was 95 while in the second cycle was 90, which indicated that the highest 

score achieved by students decreased. According to the student who get the highest score, the material in the second 
cycle, the cell division, was more complex than the material in the first cycle. The distribution of material in each group 
were also more varied, so students only understand the material given to their own group. As stated in the following 
excerpt. 
 
The material in the second cycle was too much, we did not concentrate at the role playing time, because each group has 
different topic. In the first cycle, protein synthesis material, each group discussed the same topic. Thus the material was 
repeated by other groups. Meanwhile, in the second cycle, I focused only on the material that was only discussed in my 

own group.  
(P.18, Wednesday, November 26, 2014) 

 
The condition of some students above was likely to happen since the material in the second cycle, cell division was more 
complex than the material in the first cycle, protein synthesis. In the first cycle, students were divided into two groups, 
each group performs the same role playing of protein synthesis, the difference was only on the codon. In the second 
cycle, cell division material, the students were divided into three groups and each group performed role playing with 
different topic. So that students focused more on the material that was only played by their own group. 

Based on the activities carried out, observations and test results, the reflection on the second cycle was as 
follows: (1) The division of the group was more effective by looking at the level of intelligence and closeness among 
students so that cooperation between the students in the group were better. (2) The students understood the steps of role 
playing method more, so that the students tried to do their best. (3) Most of the students had the courage to express their 
opinions though some of the were still timid. (4) Most of the students were very interested in the role playing method 
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used in the process of learning the material of cell division, so that the learning results score obtained by students reached 
the target that had been set before. (5) Teachers should be more careful to select the materials according to the method of 
role playing in the learning process, so that the goal can be achieved. 
 
Efforts to Improve Student Results and Interest Using Role Playing 

Several things gained during this study are related to role playing implementation, student characteristics, the 
characteristics of material in accordance with the role playing method and the timing of role playing execution. On the 
implementation of role-playing there are a few things to pay attention to, the first thing is the preparation phase. The 
preparation phase is all activities related to preparation for the role playing execution. The preparation that should be 
done is that the student should master the concepts of the material they will play. Mastering the concept of the material 
can be done by searching for the source on the textbooks and the Internet, group discussion or asking teacher as a 
resource. The second is the implementation phase. The implementation of role playing will run well if classroom 
atmosphere is supportive. The effective group formatting; taking the level of intelligence into account, liveliness evenly 
distributed and closeness among friends can make the cooperation between members the groups occur. Students who acts 
as the audience should pay attention to the performing group in an orderly manner. Teachers can dismiss the role playing 
if it cannot describe the story of a process or mechanism as it is expected.  

The last phase is closing. Closing phase is the students' response to another group. Teachers encourage students 
to be brave in expressing their opinions well and politely. Another thing to note is that during the formation of the group, 
it is expected that the teacher considered the characteristics of students, the intelligence level, liveliness and the closeness 
of friendship among students. Students should be placed into heterogeneous group both in terms of intelligence and 
liveliness. Role playing method is one of the alternatives that can be used in the Biology learning process. However, role 
playing method cannot be applied in all of Biology materials. The material that cannot apply the role playing method is 
mechanism concept or process inside body and the environment such as metabolism, biogeochemical cycle and organ 
systems. The learning process with role-playing takes a lot of time, starting from the preparation phase, the 
implementation up to the final phase, so it needs careful planning in order to reach the curriculum targets and avoid 
students’ boredom. Furthermore, teachers should always arouse students' interest so students are excited to the material 
that will be learned. Students who have a high learning interest would comprehend better than the students who have 
lower learning interest. One of the ways to arouse students' interest is by implementing various methods in the learning 
process. 
 
CONCLUSIONS 
 

Based on the research that had been done, it can be concluded that the application of role playing approach can 
increase student interest and student learning outcomes because it was fun, exciting, arousing students' curiosity in 
understanding the learning material, providing an opportunity to cooperate which make students become active and 
creative. One thing to keep in mind in the application of role playing approach is the need of teachers' plan in designing 
the learning activity from planning to evaluation. Students need teachers’ guidance in group discussion to determine the 
role and make the scenarios of protein synthesis and cell division role play. Teachers know the students’ characteristic 
more which help them formatting the group, so each member of the group can cooperate well. Role-playing approach 
that is well planned with the appropriate materials can increase students' interest which lead to the improvement of 
students' learning outcome. 
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Abstract: This research aimed to develop a higher-order thinking (HOT) instrument on the topic of fungi for use with X 
senior high school students in Jakarta. The development of the instrument was guided by two expert judges. The 
instrument was designed to measure students’ higher order thinking on three divisions of fungi, namely, Zygomycota, 
Ascomycota and Basidiomycota. The instrument integrates the knowledge dimension (factual, conceptual, procedural, 
and metacognitive) and the cognitive domain from Bloom’s revised taxonomy [Cognitive level 1 (C1) to Cognitive level 
6 (C6)]. The 15-item instrument was administered to 72 students. The result showed high levels of student achievement 
as evidenced by the percentage of students who achieved at each level: Factual: C4 (100%), Procedural C5 
(90.75%), Factual C5 (90.13%), Conceptual C4 (88.17%), Procedural C6 (85.92%) Conditional Metacognitive 
C4 (71.13%), Descriptive Metacognitive C2 (60.50%). Thus, the results of this study show that most of students had 
higher-order thinking skills as judged by the use of this instrument. 
 
Keywords: Fungus concept, Higher-Order Thinking (HOT) instrument 
 
 
INTRODUCTION 
 

Excellence in Science and Technology is determined by the quality of education. Educational activities are 
influenced by the quality of learning.  A good learning system can extend skill for students in order to face all challenges 
in the globalization era. Hopefully, the students can be excellent in Science and Technology in the future. One of a good 
learning system indicator can guide the students to learn independently and develop higher-order thinking skills. 

HOT is a process of finding answers or solutions in the difficult and confusing situation. Students should play 
with many facts by taking new information and the information that already stored in the memory before, connect them 
to each other, put them together into the new information, and apply them as new solutions. Higher-level thinking on 
Bloom's Taxonomy is the cognitive process analysis (C4), evaluation (C5), and creation (C6). According to Muslim 
Ibrahim (2015), analyse and evaluate the cognitive processes are classified into critical thinking, while creating classified 
into creative thinking. Student has the ability to apply the information in every new situation than just restating the facts.  
Higher-order thinking skills also include the student's skills in reasoning. Higher-order thinking trains student to become 
problem solver by using questions that allow students to use his higher order thinking skills (Miri Barak, 2007). 

Sari (2012) said that Indonesia is not included in countries which have developed in Science and Technology. 
This is because Indonesian educational achievement is still low. Achievement is assessed on the ability of students to 
answer the questions that uses high-level thinking. Based on data from PISA 2012, Indonesia rankings position for math 
and science are in 64 from 65 countries as participants. Students in Indonesia are only familiar with the routine questions 
on level 1 and level 2 so that the value is low when given with standard PISA which use cognitive level 1-6 and 
contextual problem. 

It can be concluded that HOT are the skills of a person to criticize, resolve the complex issues and capable of 
providing wide range of alternative solutions to solving the problem by manipulating some information. Humans are not 
the only creatures that can solve the problem, but solving the problem was identified as the most typical of human 
activity. (Reed, 2011). Problems in the world are complex or also called ill-structured.  It can’t be solved just by using 
memorizing abilities. We need a skill to combine facts and ideas in the process of synthesizing, analysing causation, 
evaluating, and creating up to achieve right solutions. By doing so, it is important for teachers to improve students' 
higher-order thinking skills. 

2013 curriculum is preparing the students to be able to cope with the education demands in globalization era.  
2013 curriculum development theme is to produce creative, innovative, and affective Indonesians by strengthening 
attitudes, skills, and integrated knowledge. Formation of attitudes that characterize, multidimensional knowledge, such as 
understanding the type of factual knowledge, conceptual, procedural, and metacognitive are also the aim of 2013 
curriculum. In addition, competency skills in 2013 curriculum are focus on the ability to act effectively, creatively, 
scientifically and can apply the knowledge learned in everyday life. 

Thus 2013 curriculum learning design are direct in line with scientific approach, project based learning model, 
and inquiry/discovery learning model. These learning models have same philosophy that gives the directions for students 
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to achieve the meaningful knowledge by means of constructing knowledge, reflective thinking, and trying to resolve 
contextual problems. 

HOT which synergized with problem learning is reported to develop the character of students (Tri Widodo and Sri 
Kadarwati, 2013). Additionally, thinking skills will develop by using appropriate learning strategies such as when 
students make presentations. (Afcariono, 2008). 

Similarly, related to biology subject developed through analytical thinking skills, inductive, deductive to resolve 
issues related to the events surrounding nature. Example fungus concept, it raises many positive and negative issues for 
humans. The issue that arises because the fungus can be beneficial or detrimental for human life and the environment. 
This concept if designed in a learning setting above will develop students' higher-order thinking skills. Instruments 
developed higher-order thinking still focus on critical thinking, while still a lot of research results that have not yet 
developed in the realm of knowledge and cognitive levels.  Learning instruments is important to develop in accordance 
with the realm of knowledge and cognitive level that allows teachers to determine the learning strategies. 

Related to biology subject, it is necessary to use proper high-order thinking instruments to test student's ability in 
problem solving, and creative thinking. This study is to develop higher-order thinking instrument on Mushroom concept 
for class X Junior High School. 

 
RESEARCH METHODOLOGY 
 

The experiment was conducted in X JHS in East Jakarta. The timing of the study from January to March 2015 in 
the academic year 2014/2015. This research used development research / Formative Research of (Akker, et.al, 2006; 
Akker, et al, 1999) with the process cycle/spiral: analysis, design, evaluation and revision, systematic reflection and 
documentation. The development includes 2 experts, and a sample of 35 students on a limited test and field test on 72 
students. The research instrument uses observation sheets, a higher –order thinking written test  refering to the Revised 
Bloom's Taxonomy according to Anderson (2001). 

Table 1.  Stages of Development Research  
 

Stages of Development Research 
 

Analysis 
 (Preliminary Research) 

Design 
(Prototype Stage) 

Evaluation & Revision 
 (Summative Evaluation)  

Systematic Reflection 
and documentation 

 Literature review: 
2013 Curriculum 
related to Biology 
subject, KD class X 
Concept Fungus 

 High-order thinking 
instrument (Bloom's 
Taxonomy, cognitive 
level realm, and the 
dimensions of 
knowledge i.e., 
factual, conceptual, 
procedural, and 
metacognitive) 

 Field observations 
(school)  

 Develop Fungus 
concept map  

 Designing grille high-
order thinking 
Instrument that 
integrates with Fungus 
indicators  

 Designing a prototype 
instrument in the form 
of essays, the amount 
is about 22 questions 

 Validation 
 Formative evaluation 

on 35 students and 
revision 

 Analysing  the answer 
in each number. 

 Trial the instrument on 
72 students (field test) 

 Analysing the result  
including the level of 
difficulty, 
distinguishing capacity, 
and  the instruments 
correlation 
 

 

 Description of the 
test results and final 
construction of the 
instrument 

 
 

 
Test description was used to measure higher-order thinking skills amounting to 22 questions. Questions 

presented to test factual, conceptual, procedural, and metacognitive knowledge. For factual, conceptual and procedural 
knowledge, the test used C4-C6 cognitive level, while at the metacognitive skills that realm measured cognitive aspects 
of declarative knowledge level C2 and C4 cognitive level for conditional knowledge. Scores of students at each of the 
numbers are in the range of numbers 4,3,2,1,0 adjusted by rubric assessment instruments made by researchers. The data 
analysis using descriptive. 

 
 
 
 
RESULTS AND DISCUSSION 
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Prototype (validation, evaluation, revision) 
At this early stage, the indicators of the instruments on the concept consists of three Fungus divisions 

(Zygomycota, Ascomycota and Basidiomycota ). Each division consists of three Fungus learning (characteristic of mold, 
mildew role and problem solving). The instruments of higher-order thinking include dimensions of knowledge (factual, 
conceptual, procedural, and metacognitive) on the cognitive level C2, C3, C4, C5, C6 and in the form of numbered test 
description 22 questions (Prototype 1). Table 2 is lattice of higher-order thinking and concepts Fungus Phase I trial 
results. 

Table 2:  Higher-Order Thinking on Fungus Concepts (Trial Phase I) 

Problem Indicator  
  

  
Cognitive Process and Knowledge Dimension 

C1 C2 C3 C4 C5 C6 
Explaining the characteristics 
of fungus 

  
  

IV2 
(K) * 

      

Analysing information 
symbiotic fungi with other 
organism 

  
III2b (MD) 

  

  III1a (F) * 
  
III1b (MD) 

III2a (K) 
  
IV1 (F) * 

  

Assess information regarding 
of fungus role  

IV3 * 
(MD) 

I1b (MD) 
IV4 (MD)* 

  
  I1a (F) *   

  
  
Designing practical activities 
related to the role of fungus 

  

V3A (P) * 
V3b 
(MD)* 

  II3a (P) * 
II3b 
(MK)* * 
II4 (MP) 
III3a (P) 
III3b 
(MK)* 
V1 (P) * 
V2 (P) * 

  
II1 (F) 
II2 (F) 

  

Creating a new idea in 
utilizing fungus 

          I2 (F) 

Percentage (%) 
Student achievement 

42 
  
  

6 MD, 
19 P 

24 K 15 (F), 
7 (P), 

9 (MD), 
4 (MK), 
11 (MP)

5 (K), 
37 (F) 

1.2 (F) 

  
Description: F = Factual, Â K = Conceptual, P = Procedural, Â M D = Metacognitive declarative, MP = 
Metacognitive procedural, Â M K = Metacognitive conditional, IV = Question Number; * = Valid Question 
  

Phase I trial results showed small group of student achievement in every aspect is very low. Although the 
reliability and correlation showed high results, but 22 questions identified as difficult-very difficult, and 2 question being 
identified moderate. (Table 4) There are nine questions that are not valid, and 13 valid question. The results of the Phase 
I trial was later revised by several considerations such as validator advice, the results of analysis items and student 
responses. 

The revised to produce higher-order thinking questions Prototype 2 were prepared in a phase II trial in 72 
students. Instrument HOT prototype 2 did constructs validation  and declared valid after the revision of the effectiveness 
of the writing of discourse presented in accordance with Spelling Enhanced (EYD), the accuracy of the presentation of 
the case, the suitability of the questions with indicators of higher-order thinking, the appropriateness of using taxonomy 
of cognitive Bloom revision on every questions, question accuracy in accordance with the concept of Fungus of class X 
SMA, the precision of the use of the image in question, the simplification of the use of scientific terms. Here grating 
instrument being tested about phase II HOT(Table 3). 

 
Table 3 Higher-Order Thinking Problem Instrument on Fungus Concept (phase I trial I)  

Division Zygomycota

Problem Indicator 
Cognitive Level & Knowledge Dimension 
C2 C4 C5 C6 

Identify common characteristics, 
habitat, and reproduction of 
Zygomycota 

        

Analyze the role of Zygomycota I d (MD) I c (K) * I e (F) *   
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* 
Determining the completion of a case 
solution 

  I b (M K) *   I a (P) * 
  

The average score 2.42 3.84 (K) 
2.53 (MK)

3.47 
 

2.89 
  

Percentage (%) 
  

80.67 96 (K) 
63.25 
(MK)

86.75 72.25 

Division Ascomycota
Problem Indicator Cognitive Level & Knowledge Dimension 

  C2 C4 C5 C6 
Identify common characteristics, 
habitat, and reproduction of 
Ascomycota 

II b (MD) 
* 

  

II a (K) * 
  

    

Analyze the role of Ascomycota     II e (F) 
  

2 f (P) * 
  

Determining the completion of a case 
solution 

  II d (M K) 
  

II c (P) 
  

  

The average score 1.84 3.21 (K) 
3.16 (MK)

3.74 (F) 
3.63 (P) 

4 

Percentage (%) 
  

46 80.25 
79

93.50 (F) 
90.75 (P) 

100 

Division Basidiomycota 
Problem Indicator Cognitive Level & Knowledge Dimension 

  C2 C4 C5 C6 
Identify common traits, habitat, and 
reproduction of Basidiomycota 

III d 
(MD)* 

  

III c (K) * 
  

    

Analyze the role of Basidiomycota   III a (F) * 
4 

    

Determining the completion of a case 
solution 

      III b 
(P) * 

  
The average score 1.79 3.53 (K) 

4 (F)
  3.42 

  
Percentage (%) 
  

89.50 88.25 (K) 
100 (F)

  85.50 

Description: F = Factual, Â K = Conceptual, P = Procedural, Â M D = Metacognitive declarative, MP = 
Metacognitive procedural, Â M K = Metacognitive conditional, I-III = Question Number; * = Valid Question 

  
Results of a phase II trial obtained a score of achievement per questions better than the instrument of the previous 

problem. The whole questions have a varying degree of difficulty that is very easy, easy, and moderate. There are three 
questions that indicated invalid and 12 questions that are valid. The average score/percentage gains every dimension of 
cognitive processes and knowledge varied with both categories (Table 4). Here are the results of analysis of test items 
phase I and II. Analysis of items to be done to look at the reliability of the test, and the correlation of the results obtained 
in Table 4.  

 
Table 4: Results Analysis of HOT Items Trials Phase I and Phase II  

Trial 
Phase 

Number 
of items 

Number of 
participants 

test

The mean 
average 
Score

Standard 
deviation 

Correlation 
XY 

reliability 
Tests 

I 22 35 11.43 8,03 0.70 0.83 
II 15 72 39.39 9.57 0.73 0.84 

  
Instrument development is done by design research development that includes four phases: analysis, design, 

revised evaluation and documentation. This question prototype integrates a high level of Bloom's Taxonomy and concept 
indicators of Fungus in the X grade. Once obtained about 22 high-order thinking (Prototype 1), and conducted trials stage 
and obtained an average score gains were low at 11,43, but in phase II trials (Prototype 2) increased scores to 39,39 
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(good). Similarly, the average score HOT per dimensions of knowledge and cognitive levels of Prototype 2 is better than 
Prototype 1. 

If the note on the instrument of Prototype 2 questions, there are differences in the average percentage of questions 
based on the dimensions of knowledge acquisition (Table 6). Respectively on average the highest score to lowest starts at 
the dimensions of factual C4, procedural C5, factual C5, conceptual C4, procedural C6, conditional metacognitive C4, 
descriptive metacognitive C2. This result is understandable, considering the questions at dimensions exposing factual 
knowledge with the characteristics of basic elements such as symbols, terminology. This is the following sample 
questions of factual level of C5, conceptual C4, procedural knowledge C6, Conditional Metacognitive , C4 with an 
average score.  

   
  
  
  
  
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Presented the case as follows: 

Dimensions of 
Knowledge and 
Cognitive Level 

Indicators: the mean 
score 

Assessing the bread store that use and not use preservatives  
Factual, C5 1e. According to the survey results of X institution, a bakery that 

does not use preservatives faster bankrupt compared to bakery 
that uses preservatives. What do you think of this phenomenon? 
Note: preservative used in accordance with the advice of the 
government 

3.61 

Note: Score a maximum of 4 
Conceptual knowledge includes schemes, models and theories that indicate a person’s knowledge of how certain 
concepts are organized and how the parts of different information that interconnected and systematic, sample questions 
as follows: 

Dimensions of 
Knowledge and 
Cognitive Level  

Indicators: the mean 
score 

Analysing the causes of mouldy bread 
conceptual C4 1c. Why is the bread which are exposed to air can be overgrown 

with fungus?
3:53 

Note: Score a maximum of 4 
Procedural knowledge is knowledge about how to do something can be a routine activity as well as new problems. 
Metacognitive knowledge is knowledge of general cognitive and awareness as well as knowledge of cognition itself, as 
the following example problems: 
 

Problem Indicator  :  Investigating information regarding the role and  characteristics of 
Zygomycota  

Case 1 
Sarah put a piece of bread in plastic as shown below. 
 
  (1)Plastic         (2) Hole 

   (3) Bread 
 
A week later, she noticed a change in the bread. Then, she cut the bread thinly and examined under 
microscope. The results is the image appears like this.  
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Dimensions of 
Knowledge and 
Cognitive Level 

Indicators: the mean 
score 

Assessing the bread store that use preservatives and not use 
preservatives 

Procedural 
knowledge, C6 

1a. How Sarah prove that grows on bread that is a living creature? 3:44 

Dimensions of 
Knowledge and 
Cognitive Level 

Indicators: 
Analysing the troubleshooting steps based on time and needs 

the mean 
      score 

Conditional 
Metacognitive, 

C4 

1b. When and why to test his hypotheses at about 1 a, Sarah Â need 
to use the steps that you mentioned? 

2.84 

Note: Score a maximum of 4 
 

Table 6: Summary of average scores by Dimensional Cognitive Sciences and Cognitive Level 

Knowledge Dimension Average 

Cognitive Level Score 

Factual, C4 4.00 

Factual, C5 3.61 

Conceptual, C4 3.53 

Procedural, C5 3.63 

Procedural knowledge, C6 3.44 

Descriptive Metacognitive, C2 3,03 

Conditional Metacognitive, C4 2,845 
Note: The maximum score is 4 
 
 

 
 

Figure 2:  Average HOT Achievement Scores  
 

Dimensions knowledge of metacognitive still seems to be an important issue to be further investigated, especially 
this dimension relates to think metacognitive, first, one must be concerned about the cognitive processes 
themselves (self-regulation) second, the individual must be able to apply cognitive processes for the purpose of learning 
or solve problems (Ku and Ho, 2010). Metacognitive process involves a complex higher-order thinking, in contrast to 
other dimensions such as factual knowledge, procedural and conceptual. The results Jensen L. Eta al. (2014) stating the 
student is given the final test in learning in the form of high-order thinking obtain a conceptual understanding in and a 

100.00

90.13

88.17

90.75

85.92

60.50

71.13
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better memory. The instruments questions of high-order thinking required by students is not simply recalling 
information/knowledge but the ability to solve the problem later.  

  
CONCLUSION 
 

Results of the development of the instruments obtained high-order thinking final instrument product with an 
average score of 39.39 (both categories). The result showed high levels of student achievement as evidenced by the 
percentage of students who achieved at each level: Factual: C4 (100%), Procedural C5 (90.75%), Factual 
C5 (90.13%), Conceptual C4 (88.17%), Procedural C6 (85.92%) Conditional Metacognitive C4 (71.13%), Descriptive 
Metacognitive C2 (60. 50%).Thus, the results of this study show that most of  students had higher-order thinking skills as 
judged by the use of this instrument. 
 
Suggestion 
The response of students in the field more constrained in the settlement of a questions at dimensions of metacognitive 
knowledge. Thus the higher-order thinking about the instruments related to the dimensions of metacognitive knowledge 
needs to be developed in line with classroom learning setting that uses metacognitive strategies. 
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HISTORICAL ALTERNATIVE CONCEPTIONS IN CHEMISTRY: 
PREPARATION AND PROPERTIES OF HYDROGEN. 
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Abstract: Over the past twenty years, I have built up a unique resource of American laboratory manuals used by 
individual students in their practical chemistry between 1890 and 1950. Alternative conceptions (sometimes called 
misconceptions) are the ideas that students possess about particular science topics. One part of my doctoral thesis used 
the student's answers in their laboratory manuals to see what (if any) alternative conceptions students had about physical 
and chemical change. Student manuals cover a large range of chemical topics but for this paper a single concept, the 
preparation and properties of hydrogen, will be investigated. Any alternative conceptions found in the manuals relating to 
hydrogen will be recorded and compared with other more recent research on students’ alternative conceptions. In 2014, I 
carried out a similar project in which the preparation and properties of oxygen were investigated from the 334 student 
manuals in my collection. Differences and similarities between the two projects will be discussed. 
 
Keywords: Alternative conceptions: The chemistry of hydrogen: Laboratory manuals: New methodology 
 
 
INTRODUCTION 

 
I have built up a collection of 340 laboratory manuals, which are 60 to 120 years old and some of which are 

available today. These particular manuals contain examples of student misconceptions relating to the element, hydrogen, 
from the period 1890-1950. They are a unique resource and represent the work of student’s work randomly collected/ 
purchased using Ebay (and other online sources) over 20 years. Some formed a part of my doctoral research thesis 
(Palmer, 2003, pp. 248-259) and others have been collected since that time. An earlier paper (Palmer, 2000) provided the 
data for the thesis. Further papers were written, all on physical and chemical change as new books were added to the 
collection (Palmer, 2004: 2006a: 2006b: 2008, 2014). There are few other papers, which attempt to connect past and 
present alternative student conceptions in chemistry and none which utilise laboratory manuals. Work using past 
examination papers has been carried out by Nahum, Hofstein,  Mamlok-Naaman, and Bar-Dov, (2004). Krebs (1999) has 
attempted to link the history of science with misconceptions, but his book attracted negative reviews with that of Jones 
(2000) being very powerful. One point that is of importance about the Krebs (1999) book is that he uses the word 
misconception to apply to any view from the past that current science believed to be incorrect. This study takes the 
viewpoint that for students their views are not misconceptions if they represent the general scientific view of the period 
in which they lived. 

The title Discoveries of misconceptions regarding the properties of matter within the science of chemistry (Todd, 
1898) could have been an early first step towards a theory of misconceptions. Unfortunately, this is not the case; the book 
itself merely introduces new misconceptions into chemistry. Amongst the earliest starting points of misconceptions 
research is the 1983 Nyholm lecture Conceptions, misconceptions, and alternative frameworks in chemical education 
(Fensham, 1983).  

In recent ASERA conferences, there have been no papers on alternative conceptions (misconceptions) research. 
There are quite a number of journal articles, Masters and Doctoral theses on misconceptions (alternative conceptions) on 
chemistry topics that are still being researched, though the interest by academics may be declining. Teachers who viewed 
the Science Teacher Network (Linked-in) will have noted that it received 80 comments in answer to the question 'What 
are common misconceptions that students have in science?' (Kienle, 2013) several years ago. This area still appears to 
excite teacher interest. 
 
 
A HISTORY OF PRACTICAL MANUALS 

 
The earliest practical manuals were probably alchemical recipe books. Later there are texts from the early 19th 

century (Henry, 1817) that emphasise the practical nature of chemistry, but they also contain much theory. After the 
1860s, there is a greater variety of books emphasizing practical chemistry, some for special groups such as medical 
students (Odling, 1869) or agricultural students (Coleman & Addyman, 1893) and some for those beginning chemistry 
(Appleton, 1878; Ripper, 1885; Stockhardt & Heaton, 1887). It is perhaps from this latter group that chemistry laboratory 
manuals developed. French (1886) appears to be a transitional example, consisting of many experiments in the traditional 
three column format (experiment, observation, and conclusion) with the first column printed and the subsequent columns 
being completed by the student. The problem with this type of practical manual (at least in this case) is that there seems 
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to be no theoretical input. Well known American authors such as Williams (1896a: 1896b), Dennis and Clark (1902), 
Remsen (1890), McPherson and Henderson (1906), Newell (1916) and Brownlee, Fuller, Hancock, Sohon, and Whitsit 
(1917) produced successful school chemistry texts. Hessler and Smith (1902, ii, preface) date school chemistry 
laboratories in the USA from the 1880s with a consequent increase in school textbooks and laboratory manuals following 
soon after. Hessler and Smith (1902) may be in error, as there are earlier manuals such as those by Hinrichs (1870; 1871). 
Initially by popular demand and then as a matter of course, chemistry laboratory manuals were produced to accompany 
the new textbooks. Hessler and Smith (1902) detail the common laboratory manual faults which their manual is claimed 
to avoid. They did this by producing laboratory exercises (a miniature manual) at the back of their textbook and sold the 
whole as a single book. They also provided a handbook for teachers. However, their ideas did not achieve general favour, 
though a few authors continued this practice (Rosenholtz, 1932). Generally, teachers or schools chose the textbook that 
students would use. Teachers found that they could use the adopted textbook in theory lessons and its accompanying 
laboratory manual in practical lessons. By the numbers of these old books still available, they must have achieved great 
popularity in the USA, but strangely they never seem to have been very popular in the United Kingdom or elsewhere. All 
the actual examples of chemistry laboratory manuals containing student writing seen by the author are from the USA. 
The usage generally involved students completing the blank pages or blank spaces in pencil. In some schools these 
pencilled answers were erased at the end of the year and the books used again. 
 
AN EDITORIAL 

 
The editorial in the Australian Journal of Education in Chemistry in 2006 when introducing the article ‘Children's 

alternative conceptions of physical and chemical change obtained from historical sources compared with those found in 
other recent studies’ (Palmer, 2006a) gave the following opinion: 

A most unusual chemical education research methodology is described by Bill Palmer. He has investigated 
student conceptions of the notions of chemical and physical change by interpretation of their notes in laboratory manuals, 
purchased from book dealers and online sources that were used in the U.S.A. in the period 1890 to 1950. He looks for 
ways of thinking that are parallel with alternative conceptions (or misconceptions) identified by recent researchers. Some 
of the problems associated with this retrospective study of laboratory manuals are discussed. Obviously the method does 
not lend itself to defining in advance specific concepts: one is limited to those concepts that students have chosen, or are 
required, to discuss. The paper has interesting insights into the changing nature of teaching materials over the decades.       
(Editor, 2006) 
 
My own conclusion to this paper was: 
Overall the method was extremely interesting to trial and it has yielded limited though promising results. Perhaps only 
ten per cent of manuals will produce any significant results, but it is clear that there are alternative conceptions in student 
work from the past identical with student alternative conceptions of today. This method has been used to investigate 
historical alternative conceptions related to physical and chemical change. It also opens the way for investigation of any 
other topic commonly found in student manuals (Palmer, 2006a). 
 
It is this suggestion that is now being followed by looking through the sections on hydrogen in each manual and 
recording any student errors. 
 
CONTENT OF MANUALS THAT RELATES TO HYDROGEN 

 
Hydrogen gas was first produced by Robert Boyle in 1671 while he was experimenting with iron and acids, whilst 

Henry Cavendish in a series of brilliant experiments recognized it as a distinct element in 1766. Antoine Lavoisier gave 
the element the name hydrogen.  

The chemical content in the various American practical chemistry manuals examined remained remarkably 
similar when looking at the preparation and properties of hydrogen. The earlier practical laboratory manuals (prior to 
about 1920) are inconsistent about always writing equations where the common gases have an atomicity of two.  For 
example, they will write H20 + K = KOH + H (Graham, 1906, p. 11). Since the manuals and textbooks prior to about 
1920 will write equations in this way, it is not considered an alternative conception (misconception) for students prior to 
1920 to write equations using monatomic hydrogen. Some common alternative conceptions (misconceptions) were 
identified by examining the student input in the 340 laboratory manuals in the collection.  

Content found in most manuals consisted of some or all of the four general methods for the preparation of 
hydrogen (alkali metal on water, electrolysis of water, metal on dilute acid and metal on liquid or solid alkali) and the 
physical and chemical properties of hydrogen. In terms of physical properties, colourless, odourless, tasteless and neutral 
to litmus are generally uncontroversial descriptors; some effort is made to show that hydrogen is less dense than air. For 
chemical properties, hydrogen’s propensity to burn in air, ‘pop’ or explode and not to support combustion, are key 
features. Generally, the action of hydrogen on copper II oxide to produce copper and water is carried out experimentally. 
Occasionally the reaction is explained quantitatively, though this is very seldom carried out by the student. It should be 
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remembered that the manuals exist at different levels with some being for secondary students and some for university 
students.  
 
ALTERNATIVE CONCEPTIONS (MISCONCEPTIONS) IN MANUALS 

Each manual was examined in turn, observing the student answers, which were usually found on the right hand 
pages of the manuals. The 340 book collection is made up of manuals of all types representing all the sciences and also 
some where there is no space left for student input. All the manuals are numbered consecutively, but only those where 
there is student input will be recorded and the listing of those manuals will be found in Appendix 1.   As a result of this 
initial examination, student and teacher misconceptions about hydrogen were grouped into broad categories.  
1. Misconceptions about equations. This category includes together (a) The incorrect symbols for elements (b) The 
incorrect names of products of a chemical change or reactants in a chemical change (c) The incorrect formulae of 
products or reactants (d) The incorrect balancing of equations (e) confusing writing word equations with writing balanced 
equations.  
The notes about the misconceptions, held by each student, may be found in Appendix 2. 
In the analysis of student misconceptions about hydrogen, misconceptions about equations makes them by far the most 
common misconception. 
 
STUDENT NUMBER FOR EACH MISCONCEPTION:  RESULTS 
Detailed results may be found in Appendices 1 and 2 and this table is derived from these appendices.  
 
10 16 17 19 20 21 34 37 47 54 116 153 156 159 165 

175 176 182 187 199 206 215 233 248 253 279 284 286 299 303 

327 332 333             

 
There are 33 misconceptions about equations (more if multiple misconceptions by the same student are counted). There 
are no significant other alternative conceptions shared by a group of students. Individual students had the following 
misconceptions (alternative conceptions): 
 
Student #10. Some confusion between heat and pressure. 
Student #20. Student diagram does not show correct detail in the apparatus for the collection of hydrogen. 
Student #54. This student has a misconception on solubility of metal salts and a misconception about the diffusion of 
hydrogen.  
Student #116. Some confusion between the words ‘combustion’ and ‘congestion’. 
Student #187 wrote ‘It [hydrogen] will explode when it comes in contact with air or O2.’ Student fails to understand that 
an explosion requires some form of ignition.  
Student # 199 wrote ‘The Sodium decomposes the water into Hydrogen and Oxygen.’ Student fails to understand that 
oxygen is not released when sodium reacts with water. 
Student # 215 wrote ‘when the 2H came in contact with the air it took an O.’  Similar misconception to student #187 who 
failed to understand that an explosion requires some form of ignition.  
Student #233 wrote ‘zinc is used to dissolve hydrogen from the acid.’ Similar misconception to student #199. Student 
#233 also wrote ‘The white substance collected on the filter paper is a mixture of zinc and chloride zncl2’ which is partly 
similar to the first misconception of student #54. It also shows a failure to understand the difference between a compound 
and a mixture. 
 
DISCUSSION OF RESULTS  

Firstly, worldwide chemistry curricula have changed from those being followed by students in this study with 
more emphasis higher level concepts, so it has not been possible to find research directly related to the preparation and 
properties of hydrogen, but there is research that relates to some of the content described.  An alternative method of 
finding out about past student misconceptions is to look at old examination papers. A study by Nahum, Hofstein, 
Mamlok-Naaman and Bar-Dov (2004) has looked at the examination papers of Israeli students over the past twelve years 
to check misconceptions that they may have about the abstract topics of chemical structure and bonding, molecules, ions, 
hydrogen bonds, and giant lattices. The topics did not relate to the present study, but illustrate how information may be 
obtained about past student misconceptions. Reinders Duit (Duit, 2009) prepared a bibliography of student alternative 
conception research entitled Students’ and teachers’ conceptions and science education, which is a good starting point 
when looking for research in this area.   

It was observed in this study that there are five different ways in which students may have misconceptions about 
equations. Why do students have such difficulty in writing equations correctly?  Students, teachers and chemists 
generally have had difficulty in writing equations, since Dalton and Berzelius and indeed partially through Dalton's 
insistence that the formula of water was OH. Some of the history of equation writing in the case of oxidation-reduction 

436



reactions, can be found in an article On Balancing Chemical Equations: Past and Present (Herndon, 1997). Özmen, H. 
(2004) discusses student misconceptions in chemical bonding, providing a literature review. However most of the 
equations causing misconceptions in this study were generally very simple ones. The usage of the term chemical bonding 
in secondary school texts is of comparatively recent origin, so comparison with old and new is fraught with problems. 

(i) There are problems in the methodology of finding student errors i.e. ‘the method does not lend itself to defining in 
advance specific concepts’. Some students write many equations of which only one or two are incorrect and a 
misconception is recorded whilst others do not answer questions about writing equations or are not asked to do so, and no 
misconception is recorded. The second category of students could well have greater misconceptions than the first. Further 
problems with the methodology are the variety of levels lower secondary to university being studied where it is 
appropriate that students at different levels will have different concepts. Also over the period being considered there were 
changes in what constituted a correct equation. 

(ii) Naklah (1992, p. 194) quoted Ben-Zvi, Eylon, and Silberstein (1988) who argue that an appropriate interpretation of this 
equation 2 H2 (g) + O2 (g) = 2H2O (g) is as follows: ‘An equation requires that a learner understand many things: the 
structure and physical state of the reactants and products, the dynamic nature of the particle interactions, the quantitative 
relationships amongst the particles and the large numbers of particles involved’. These are requirements for today’s 
chemistry students, but would not have been the required understanding for students in the 1890-1950 era. If the 
textbooks written during this period did not emphasise these concepts, then it is unlikely that that students of the time 
would obtain the same meaning from equations as students of today. Comparisons are again difficult between past and 
present. 

(iii) Alex Johnstone in his summary of much of his chemical education research in Glasgow over a period of years 
(Johnstone, 2006, pp. 49-63) perhaps provides this research with its link between past and present. He spends some time 
explaining his research showing the limited capacity of humans' 'Working Memory Space' (p. 56) and links this to the 
three conceptual levels of chemistry, macro, sub-micro and representational (p. 59). This is sometimes used to explain 
students' difficulties in correctly writing equations in that students’ lack the working memory space needed to operate on 
these three conceptual levels at the same time. It is thus unsurprising that the results of this research which showed that 
the students main misconception in understanding the preparation and properties of hydrogen was the alternative 
conception of equations. In 2014, when investigating the students main misconception in understanding the preparation 
and properties oxygen was also the alternative conception of equations. 
 
CONCLUSION 
The results of the 2014 research on the preparation and properties of oxygen and the 2015 research on the preparation 
and properties of hydrogen both clearly showed that problems in writing equations was the major student alternative 
conception in both cases. This can be seen as being consistent with Alex Johnstone’s theories of students’ lack the 
working memory space when working at three conceptual levels of chemistry as would be the case in both historic and 
present day students when attempting to write chemical equations. 
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APPENDIX 1 
Table of Record: Laboratory Manual Number/ Book name and Year/ Comment 
Only Laboratory Manuals with student input are recorded. Those containing misconceptions that related to hydrogen are 
recorded with an asterisk and an appropriate note. Where there is no asterisk, no misconception has been observed. 
The authors of the books are recorded using the following key: 
KEY Book O=Other: Notebook= No: W=Williams (Three types): D=Dennis and Clarke: Ro=Roe: Re=Remsen: 
McPherson & Henderson=M: Brownlee et al=B: Smith=S: Holmes=Ho: Hale=Ha 
Ring binder=R (In book column)          Misconception=*  T  marked by a teacher 
There are four commonly used methods for preparing hydrogen in these texts. Symbols in comment column.  
(i) Alkali metal on water (usually sodium on water) Symbol x 
(ii) Electrolysis of water (acidified) Symbol y 
(iii) Metal on dilute acid (usually zinc on dilute sulphuric acid) Symbol z 
(iv) Metal and alkali (usually zinc on sodium hydroxide - solid or solution) Symbol w 
 
Book # Book/Year Comment Book # Book/Year Comment Book # Book/Yr Comment 
#8 O 1890? N8 xy #62 Ha 1918 OK #149  B 1917 OKxyz 
#9 W 1896 N 9 z #65 B 1921T OKxyz #153 B 1921 N153xyz* 
#10 W1896 N 10 z* #67 M 1921 OKz #154 B 1921T OKxyz 
#11 D 1902 N11 xz #70 O 1928T OKxyz #155 B 1921T OKxz 
#12 D 1902 OK  x #80  Wg1888 OKz #156 B 1921 N156x* 
#16 Ro 1910 N16z * #81 Re 1890 OKz #157 B 1921 OKxyz 
#17 O 1911 T N17z* #84 Ro 1899 OKz #158 B 1921 OKyz 
#19 Ro 1911 N19 z* #88 M 1905 OKxz #159 Ho 1923 N159xzw* 
#20 No  nd T N20 yz* #94  B 1921 OKxz #160 O 1922 OKz 
#21 M 1915 N21 xzw* #95  B 1921 OKxz #162 Ho 1924 OKxzw 
#22 R M 1915 OK z #96 M 1921T OKzw #165 Ho 1925 N165xzw* 
#23 B 1915 OK z  #97R M 1922T OKz #167 O 1925 OKxz 
#26 S 1919 T OK z #99 Ho 1926 OKz #170 R B 1927 OKxz 
#28 B 1921 OK z #103 M 1928 OKxz #172 O1928 OKz 
#30 Ho 1922 OK z #104 M 1920T OKxyz #173 O 1929 OKz 
#31 M 1922T OK z #113 W 1888 OKz #175 O1929T N175* 
#32 R M 1922 OKz #116T Re 1890 N116z* #176 O1930 N175xz* 
#33 R M 1922T OKz #120 W 1895 OKxz #177 B 1932T OKxyz 
#34 R M 1922 N34xz* #122 W 1895 OKz #178 B 1932 OKxz* 
#37 O 1924 N37xz* #124 W 1898 OKz #182 M 1934 N182z* 
#38 N 1926 OKz  #125 W 1898 OKz #184 T OKxz 
#40 Ha 1926 OK #126T W 1899 OKxz #187 O 1937 N187xyz* 
#41 O 1926 OKxy #127T W 1900 OKz #192 O 1929 OKz 
#43 O 1928 OKxzw #129 Wi 1901 OKz #197 O 1935 OKz 
#47 O 1931T N47 xzw* #131 N 1904 OKz #198 O 1939 OKyz 
#48 B1932 OK z #133 O1905 OKxz #199 Re 1902T N192xyz* 
#49 B 1932 OK xz #134 M1906 OKz #203 W 1898 OKz 
#52 O 1939 OK xz #135 M1906 OKz #206 W 1898 N206z 
#54 O 1943 N 54xyz* R#136 M1906 T OKxz #208 D 1902 OKxz 
#57 O 1915 OK z #137 T M1906 OKxz #209 D 1902 OKxz 
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#60 B 1917 OK z #138 M 1906 OKxz #210 Re 1902 OKxz 
#61 B 1917 OK yz #141 O 1909 N141* #211 Re 1902 OKz 
 
 
#215 Ro 1909 N215z* #263 O 1928T OKz #313 O 1930T OKxyzw 

#216 O 1911 OKxz #279 O 1927 N279z* #316 W1892 OKz 

#230 O 1924 OKyz #283 B 1921 OKxz R#317 M 1906T OKxz 

#231 O 1935 OKxz #284 O 1937 N284z* #318 W 1903 OKz 

#232 O 1940 OKz #285 Wg 1896 OKz #319 W 1903 OKxz 

R #233 O 1915 N233xyz* #286 Ha 1919 N285z #320 B 1932 OKxz 

#234 O 1945 OKyz #289 O 1927 N289xz R #322 O 1922 OKz 

#235 O 1935 OKxz #290 Re 1899 OKxz  #323 O 1932T OKz 

#236 N 1913 OKxy #291 O 1913 OKxz  #324 O 1926 OKz 

#241 O 1925T OKz R #292 M 1915T OKxyz R #325 M 1915T OKxyz 

#242 O 1933 OKz #294 B 1921T OKxz  #327 O 1903 N327xz* 

#248R M 1915 N248z* #295 O 1911 N295  #328 W 1896 OKxz 

#249 W 1892 OKz #296 W 1896 OKz  #330 O 1932T OKw 

#253 W 1902 N253z* #297 B 1921 OKz  #331 OK 

#255 B 1902T OKxz #298 D 1902T OK  #332 W 1891T N332z* 

#256 W1904 OKz #299 Ho 1926 N299xz*  #333  W1891 N333xz* 

#257 B 1928 OKxyz #303 O 1930 N303xz*  R#336 M1922 OKz 

#258 B 1921 OKxyz #306 O 1939T OKz  R#339 M1915 OKz 

#260 M1930 OKz #308 O 1917T OKz  #340 M1935 OKyz 

#261 O 1948 OKz #312 M 1930T OKxz    

 
APPENDIX 2 
Many of the older manuals  do not use the correct atomicities of common gasses as examples in their equations, such as 
H for H2, O for O2 , Cl for Cl2, etc. Some of the students naturally follow this practice which would be considered a 
misconception for students now. As a way of allowing for this historical problem, in this paper, the incorrect atomicities 
of common gasses is not considered a student misconception when using manuals up to 1920. For students after 1920, it 
will be counted as a student misconception. 
For example 2 H + O = ? (in Experiment 9 Laboratory manual of general chemistry, 1896) 
The student’s (#9) answer was 2 H + O = H2O.  
 
Note 8. This student notebook was the first obtained in my collection and contained a full year’s work in chemistry, 
showing increasing chemical knowledge throughout. No misconceptions observed. Amongst the demonstrations were the 
‘singing flame’ and the hydrogen and soap bubbles experiment.  
Note 9. This student also produced a musical flame. No misconceptions. 
Note 10. Misconceptions. Equation incorrect! Zn + 2HCl = ZnCL2 + 2H2 

The student was asked to account for the rise and fall of the liquid in the thistle funnel in the hydrogen generator. Student 
wrote ‘rise and fall in – must be the heat which caused it’. This is incorrect. 
Note 11. Sometimes there are extraneous comments. The student stated ‘ A piece of it struck Prof Peary’s head (p. 21)’ 
Note 16. Misconception. Equation incorrect!  Zn + 2HCl = ZnCl + 2H 
Note 17. Misconception. Equation incorrect!  2H2 + 2O2= 2H2O Not corrected by teacher. 
Note 19. Misconception. Equation incorrect!  2H + O2= H2O. Given as taken from teacher. 
Note 20. Misconception.  Student diagram does not show correct detail in the apparatus for the collection of hydrogen. 
Note 21. Misconception. Equation incorrect!  Zn + 2NaOH = Z(ONa)2 + H 
Note 34. Misconception. Equation incorrect!  Zn + HCl = ZnCl2 + H2 (p. 23) 
Note 37. Misconception. Equation incorrect!  H2 + O2= H2O(2) 

Note 47. Misconception. Equations incorrect! Z + H2SO4 + CuSO4 + (H2O)5 → + H2 

AND       2Al + 4NaOH → 2 H2+ 2Na2O +Al2O3 
Note 54. Misconceptions. Equations incorrect!  Zn  + Cu2(SO4) → ZnSO4 + 2Cu   
AND       K + H2O →K(OH)  + H2 
AND  Student asked what substance coats zinc; student replies ZnSO4. Answer should be copper. This shows 
misconception on solubility of metal salts (p. 26). AND  Student fails to answer question about the diffusion of 
hydrogen. Misconception on diffusion (p.30) 
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Note 116. Misconceptions. Equation incorrect!  Zn + HCl = ZnCl2 + H Corrected by teacher. 
Note 116. Misconception about combustion. Exercise IX. Student wrote “Hydrogen gas will not support con-gestion” 
Note 153. Misconception.  Word equation incorrect!  Student wrote ‘Zinc chlorate’ instead of ‘Zinc chloride’ 
Note 156. Misconception.  Equation incorrect!  Na + 2H2O = NaOH + 2H2+ O2    (p.25) 
Note 159. Misconception.  Equation incorrect!  2Fe + 6HCl = FeCl3+ 3H2  (p.17) 
Note 165. Misconception.  Word equation incorrect!  Student wrote ‘Zinc chlorate’ instead of ‘Zinc chloride’  (p.17) 
Note 175. Misconception.  Equation incorrect! Student wrote  Al + HCl = AlCl3+ H2  (p.8) 
Teacher attempts to correct equation (wrongly)   2Al + 6HCl = 2AlCl3+ 2H2 
Should be 2Al + 6HCl = 2AlCl3+ 3H2 
Note 176. Misconception.  Equation incorrect!  Na + H2O = NaOH + H   (p. 4) Just one equation! 
Note 182. Misconception.  Equation incorrect!  Cu + HCl = CuCl + H2  (p. 22)  Just one equation! Also wrote “copper 
nothing happed” 
Note 187. Misconception. Two  incorrect formulae! 1.  ZnCl 2.  ZnNO3 
The student also wrote “ It [hydrogen] will explode when it comes in contact with air or O2.” 
Note 199. Misconception.  The student wrote “The Sodium decomposes the water into Hydrogen and Oxygen.” 
Note 206. Misconception.  Equation incorrect!  Zn2SO4 + HCl = H2SO4 + ZnCl2 
Note 215. Misconception. A hydrogen flame burns against a beaker of cold water. The student wrote “when the 2H came 
in contact with the air it took an O.” 
Note 233. Misconception. The student wrote “zinc is used to dissolve hydrogen from the acid.’ Question asked ‘What is 
the use of zinc?” in the preparation of hydrogen using zinc and acid. (p.16) 
Also The student wrote ‘ The white substance collected on the filter paper is a mixture of zinc and chloride zncl2“ (p.17) 
Note 248. Misconception.  Equation incorrect!  Student uses lower case symbols in equation. 
na + h2o = naoh + H    
Note 253. Misconception. Equation incorrect!  Zn + 2HCl = ZnCl + 2H (Expt 20)  AND 
H + 2O = HO2 (Expt 21)  
The student wrote   ”H is no combustible it does not burn´(Expt 21) 
Note 279. Misconception. Equations incorrect! Na + H20 → H2 +NaO  AND Ca + H20 → H2 +CaO 
AND  The student wrote “Sol [soluble] in H20 when hot”   
Note 284. Misconception.  Equation incorrect!  Fe203 + H2  → Fe + H20 
Note 286. Misconception.  Equation incorrect!  The question is “Construct an equation for this reaction between cupric 
oxide and hydrogen” The student wrote “ CuO3 + H   → Cu + water  (p. 43) BUT on the previous page the student wrote 
“ Copper oxide + hydrogen   → Cu + H20 . Apart from the student’s inconsistency between word and balanced equations, 
this is correct. 
Note 289. No misconception but there is a poem at front of book: 
Tom McCleskkey 
His book and his pen 
He will make good 
But God knows when. 
Note 295. No misconception. Illustration that atomicity is not considered vital either by student or author. Student  Fe + 
H2SO4  = FeSO4 + 2H  AND   Zn + 2HCl = ZnCl2 + H2   (p.10, #41 and #42) 
Author (1911, p.11) Zn + H2SO4 = ZnSO4 + H2   AND  H20 + K =  KOH + H This shows a lack of consistency. 
Note 299. Misconception.  Equations incorrect!  Zn + HCl  → ZnCl   AND  H2SO4 + Zn  → ZnSO4 (p. 20) Note 303. 
Misconception.  Equation incorrect!  Na + H20 → H2 +NaO  (p. 66) 
Note 327. Misconception.  Equation incorrect!  Zn + HCl  = ZnCl  + H   AND  
Zn  + H2SO4 =  ZnSO4 + H (p. 12)   AND  Hg + Na + H20 = NaOH (p. 15) 
Note 332. Misconception.  Equation incorrect!  Zn + H20 + HCl  = ZnCl2  + H 
Note 333. Misconception.  Equation incorrect!  Zn + HCl  =  H2  + ZnCl2   
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Jane Marcet (1769- 1858) and her ‘Conversations’ 
 

Dr William P. Palmer 
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Abstract: Jane Marcet became a successful author of several science textbooks with her textbook Conversations on 
chemistry being her first and most well-known work. Jane Marcet’s life and her books have been well-described in the 
literature and the present bio-bibliography will attempt to introduce her to an audience that may well be unfamiliar with 
her work in an educational context. The internet increases the availability of information. ‘Ancestry’ provides 
genealogical data that has not always been readily available and the use of contemporary newspaper comments and 
contemporary book reviews add additional sources of information. Conversations on chemistry was plagiarised by a 
number of male authors; it also became the source of inspiration of at least one famous scientist (Michael Faraday). The 
main aim of this paper is to celebrate the life and work of Jane Marcet in the service of chemistry.  
 
Keywords: Chemistry textbooks: bio-bibliography: History of chemistry: Celebrating chemical authors 
 
 
INTRODUCTION 
 

A wealthy socially successful woman produced a chemistry textbook in 1806 that aimed to teach young women 
chemistry; it was a best-seller in Britain and America. This book influenced chemists and their education for half a 
century. This is the basic story!! However, this paper will describe the life of Jane Haldimand Marcet and the 
circumstances that enabled her to write an introductory chemistry textbook and other books. The paper will also include 
further details of her genealogy using ‘Ancestry’ and more details of her early life than is usual; it will also include 
information from newspapers where this is relevant. 
 
SOURCES 
 

There is only one biography of Jane Marcet in English; it is Jane Marcet: an uncommon woman by Bette 
Polkinghorn, who views Marcet’s role as being as a communicator of economics rather than as a science communicator. 
Also several of Polkinghorn’s academic papers about Marcet are available (Polkinghorn, 1982: 1986: 1993: 2000) and 
together they provide more detail of Marcet’s early life than can be found elsewhere. Polkinghorn’s entry in A 
biographical dictionary of women economists (Polkinghorn, 2000) is of particular value in this respect. The first paper 
about Marcet’s contribution to chemistry was by Eva V. Armstrong in the Journal of Chemical Education in 1938 
(Armstrong, 1938, p. 53) with further articles about her over the years. Biographical articles about her and her husband, 
Alexander, are readily available in Oxford Dictionary of National Biography (Morse, 2004: Coley, 2004) and in A history 
of chemistry, Volume 3 (Partington, 1965, pp. 707-708). Further biographical information about Jane Marcet may be 
found in the 2008 online version of the Complete Dictionary of Scientific Biography (Golinski, 2008) and in Women in 
chemistry (Rayner-Canham & Rayner-Canham, 1998, pp. 32-35).  

Marcet’s books are listed in Appendix 1, though the list may be incomplete as some of her stories have become 
part other story collections, some titles vary between editions and two appendices on tanning and dyeing from her 
Conversations on Chemistry were published separately. Many of her books are available in full, free of charge online. 
Various commentaries on her Conversations on Chemistry with excerpts from the book exist, such Nick Selley’s, 
available as Mrs Marcet’s Conversations on Chemistry (Selley, 2002) and Hazel Rossotti’s Chemistry in the schoolroom, 
selections from Mrs. Marcet's Conversations on chemistry (Rossotti, 2006). 
 
FAMILY AND EARLY LIFE 
 

Anthony (Antoine) Haldimand, born in Turin, came to London in 1762 as an apprentice to a Mr Pickersgill, who 
ran a silk manufacturing firm. He improved the book-keeping methods in Pickersgill’s business, learnt about the silk 
trade and as a result of a joint venture in the silk trade earned £1500 (a fortune at that time). He left Britain and returned 
to marry Jane Pickersgill on 6th August, 1868 (Polkinghorn, 1993, p. 3). Jane was their first child; she was born in 
London, one of twelve children. The date of her birth appears uncertain but she was baptised at St Mary Woolnoth and 
Woolchurch, London on 23rd June 1769 (Ancestry). Jane was fortunate that her father, who had progressive views 
believed in greater equality between the sexes than was common at the time. She received the same education from 
private tutors as her brothers and later would receive the greatest share of the family’s wealth. Her mother died on 24th 
October, 1785 (Ancestry) after the birth of her twelfth child, when Jane was fifteen years old and Jane’s life changed 
dramatically. Polkinghorn (1993, p. 4) states that Jane was energetic, responsible, honest, serious and attentive. 
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Illustrative of her character there is the story that at the age of eight, she sold her grandmother’s watch for 1½ guineas 
and this was not dishonesty. Her grandmother had been irritated by some fault in her watch and had said she would rid 
herself of it for a guinea. Jane had heard this and acted on the statement but had given the proceeds of the sale to her 
grandmother, who merely asked that she not take everything literally (Armstrong, 1938, p. 53)!  

Effectively she took responsibility for the household at Clapham for the next fifteen years (Rossotti, 2007, p. 51) 
until her father died. Her father, Anthony had parties made up of politicians, artists, writers, bankers and important 
visitors to London once or twice a week and she was hostess to these gatherings (Polkinghorn, 1993, pp. 6-7) of up to 
forty people. She also arranged for tutors for her siblings and she undertook all these tasks extremely competently. 
Several of her siblings died in childhood, so that she had only five younger siblings (Rossotti, 2007, p. 51) with only one 
sister, Sarah, who married before her in 1789 (Polkinghorn (1993, p. 8). For example, as hostess she met and thus 
became ‘a friend and pupil of the celebrated Reynolds and of Thomas Lawrence’ (Armstrong, 1938, p. 54) which was 
useful later in her life in drawing sketches for her books.  
At one of these gatherings, she met her future husband, Alexander Marcet, who was born in 1770 in Geneva (Partington, 
1965, p.707: Coley, 2004). In 1793, he travelled to England, but was arrested on his return to Switzerland. After his 
release, he and his friend, de la Rive went to Edinburgh to study under Dr Black and Dr Gregory and obtained their 
medical degrees in 1797. He then settled in London. Jane had been engaged to a cousin in the navy but her father did not 
approve of his character. Alexander also had a lady to whom he was attached in Edinburgh. When the various 
complications were clarified, Alexander and Jane were wed in December 1799 after a one-month engagement 
(Polkinghorn, 2000, p. 281).  
 
MARRIED LIFE 
 
 Alexander and Jane continued to live in the family home at Clapham after making extensive changes to it with a 
household of about thirty people. Parties resumed and now there were more scientists amongst the guests including 
William Wollaston, Dr Yelloly and Humphrey Davy. Alexander worked as a doctor firstly at the City Dispensary and on 
8th October 1802, he was appointed as an Assistant Physician at Guy’s Hospital (Reporter 1, 1802), working there until 
his retirement on 10th March 1819 (Coley, 2004). He became acquainted with Berzelius, through the medical and 
chemically based Chirurgical Society of which he was one of the founders (Baldinato, & Port, 2009). His research area 
was mainly investigating the chemical composition of urinary calculi and the cause of their formation (Rosenfeld, 2001). 
 Alexander’s and Jane’s first child, Frank, was born in May 1803 and in April 1805 a second son, Frederick, was 
born. In 1806, her well known chemistry text, Conversations on chemistry: in which the elements of that science are 
familiarly explained and illustrated by experiments, in two volumes, was published. The book is about Mrs Bryan 
teaching two girls, Caroline and Emily, through their conversations together. In 1807, she had a daughter, Louise, and in 
1809, she gave birth to another daughter, Sophia (Ancestry: Polkinghorn, 1993, p. 36). Although his interests gradually 
became centred on chemistry, Alexander continued to see private patients, and also spent a short time working at a 
hospital in Portsmouth in response to an appeal from the British Government.  
 In about 1816, a series of problems arose in the Marcet family, which put a strain on family relationships. Firstly, 
Jane’s father Anthony became seriously ill at the age of 76. Secondly the elder son, Frank had been moved at the age of 
twelve from a school he liked to Westminster School, so that he could later gain entrance to Cambridge. He ran away 
from school repeatedly partly as a protest about ‘fagging’. He said that he ‘could not submit to absolute slavery’. He was 
also teased and bullied (Polkinghorn,1993, p. 57). Frank continued to run away from school, once stealing and pawning 
some family silverware. Thirdly their second son, Frederick became very ill and his parents quarrelled over the best 
treatment for him. Jane’s father, Anthony appeared to recover and then died suddenly. Frank’s escapade with pawning 
the silver gave him sufficient funds to stay away longer, but he was found; he was sent to an uncle in Geneva and 
surprisingly agreed to the arrangement. He stayed four years with his uncle who treated him well. Even though he was a 
doctor, Alexander was at a loss as how to treat Frederick and the boy died after falling into a coma. Jane’s distress was so 
severe and her body so weak, that she was carried to the funeral in a sedan chair. 
After the death of her father, Jane was now very wealthy and Alexander gave up medical practice and was able to 
concentrate on chemical research. Both Jane and Alexander had more leisure time; he took up shooting as a sport and 
they both travelled more.  
 Jane was also extremely interested in the economics as her father and brother had banking interests. She was 
friendly with the economist Malthus and his family and David Ricardo, a successful stockbroker. As a result of this and 
with the strong support of her husband, Alexander, she published Conversations on political economy: in which the 
elements of that science are familiarly explained in 1816, again using the familiar characters of Mrs Bryan, Caroline and 
Emily. In 1819, she finally published Conversations on Natural Philosophy which she had actually prepared for her 
brothers and sisters twenty years earlier.  
The Marcets purchased a large estate in Switzerland, planning to use it as a second home, but they still returned to 
London and at one of their dinner parties in September, 1822 invited Robert Owen, who operated the New Lanark Mills. 
Owen invited the Marcets to stay with him at New Lanark. Evidently Owen did not agree with the views Jane expressed 
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in Conversations on political economy, which he considered to be skilful capitalist propaganda, so the visit was not 
entirely agreeable.  
They had sold their London house and rented one in Great Coram Street: Alexander Marcet had a stroke and died on 11th 
October, 1822 when he was just fifty-two years old (Polkinghorn, 1993, p. 74).  
 
JANE MARCET’S LATER YEARS 
 
Jane was greatly upset and emotional at her husband’s death and was in a state of melancholia for more than a year after 
the event. To support herself in her Christian faith she started on her book Conversations on the evidences of Christianity 
which she completed in 1826. Alexander and Jane had planned to make Switzerland their permanent home and certainly 
the majority of Jane’s time was spent in Switzerland, though with occasional visits to London and to Brighton, which she 
had always enjoyed. She wrote many children’s books, but returned to the theme of economics with her book John 
Hopkins’s notions on political economy, published in 1833, which aimed at teaching ‘the labouring classes’ the truth 
about their economic situation. In between publishing new books, she carefully revised each of her earlier works. She 
was strongly opposed to the Corn Laws and wedded to the principles of free trade, though it was not until 1846 that they 
were repealed. Marcet's view was that of most opponents of the Corn Laws; food would be cheaper and workers' real 
income higher with free importation of corn (Polkinghorn, 1986, p. 846). 

In 1845, she wrote to Michael Faraday, when revising Conversations on chemistry asking about his recent 
discoveries concerning the relationship between light, magnetism and electricity. He replied expressing his very great 
respect for her. Her last revision of one of her science texts was of Conversations on natural philosophy at the age of 
seventy-nine. 
Jane Marcet wrote about thirty books in her lifetime, which was an amazing achievement for a woman in the early 
nineteenth century. She was subject to prolonged periods of depression and during the last seven years of her life she 
hardly knew what was happening in the outside world (Morse, 2004). Her obituary in the Daily News described her 
illness as ‘her nervous malady having grievously prostrated her’ (Reporter 2, 1858). She died on 28th June 1858, with her 
last words being ‘I always wanted to die in London: but don’t forget to greet all those I love in Geneva’ (Polkinghorn, 
1993, p. 130). 
 
JANE MARCET’S FRIENDS 
 
 Throughout her life, Jane Marcet entertained and made friends. So far, in this study, Sir Joshua Reynolds, William 
Wollaston, Dr Yelloly, Humphrey Davy, Michael Faraday, Thomas Malthus and David Ricardo have been mentioned. Dr 
Yelloly was a great personal friend of Alexander Marcet and assisted Jane and Alexander in the publication of 
Conversations on chemistry (Crellin, 1979, pp. 458-459). Her travels to Switzerland to visit her own and her husband’s 
connections in Geneva provided her with many more friends. She became friendly with Maria Edgeworth the novelist. 
Edward Jenner, who discovered the vaccine for smallpox was a family friend and welcome visitor. She was acquainted 
with Mary Somerville, a writer in the physical sciences (Chapman, 2004) and when Somerville and her party travelled to 
Geneva, Switzerland, they were made most welcome (Patterson, 1969, p. 316). Later in life she became a friend of 
Harriet Martineau, author of Illustrations of Political Economy. 

All these friends with their different skills and interests, her educational experience in arranging the education of 
her siblings and her own indomitable character, enabled Jane to begin a career in writing. Women of wealth and with a 
high position in society had increasing time and freedom to better their own education. Understanding botany and plants 
had been and still was popular amongst such women, but chemistry joined the list of women’s interests of the time, from 
about 1790 onwards. Jane was amongst those interested in chemistry, partially because it was her husband’s lifelong 
profession and partly because of her own fascination with chemistry. She thus had the idea of writing Conversations on 
chemistry for women. 
 
WRITING CONVERSATIONS ON CHEMISTRY 
 

Jane attended Sir Humphry Davy’s chemistry lectures and was enthralled. She put the idea of writing a book to 
her husband. Alexander wrote in his diary ‘I encouraged her in this very much.’ (Polkinghorn, 1993, p. 20). Alexander 
chose the main ideas for an introductory course in chemistry and provided the materials so that they could do the 
experiments at home together. The high degree of cooperation between Jane and Alexander in writing Conversations on 
chemistry is unusual in the history of science and the way in which this partnership was achieved was through constant 
discussion and the back-and-forth writing and rewriting of each section (Dreifuss & Sigrist, 2012). Writing 
Conversations on chemistry started as early as 1801; the French scientist, Marc-Auguste Pictet, after reading an early 
draft insisted that she publish her ‘pretty and useful work’ with the assurance that an extract would appear in his journal 
(Bahar, 2001, p. 45). Jane used the dialogue method, which she had used when teaching her siblings natural philosophy 
(Selley, 2002, p. iv) and which was used at the time by other writers such as Priscilla Wakefield. 
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Her writing reflects the differences in terms of the chemistry of today as compared with the chemistry understood at the 
start of the nineteenth century. For example, she avoided the atomic theory of Dalton, probably because Sir Humphry 
Davy, who she greatly admired, did not accept atomic theory (Partington, 1965, p. 708). She explained heat in terms of 
‘caloric’ which was then though to be an ‘imponderable element’ together with light and electricity. She used the ‘two-
fluid theory’ of electricity, again espoused by Davy, as her model. This was one of the areas that fascinated the young 
Michael Faraday and may have led to his own researches into electricity (Pearce Williams, 1960, p. 522). Physical and 
chemical changes (Palmer, 2003) are spoken of in terms of ‘attraction of cohesion’ and ‘attraction of composition’ 
respectively (Derrick, 1985, p. 750). Marcet's method of teaching chemistry to beginners was through experimental 
demonstrations; this teaching method was truly innovative (Houlihan, S. & Wotiz, 1975, p. 363) and was possible as she 
had actually performed the experiments herself. 

She finished the manuscripts in December, 1805. The manuscripts had been checked by professional scientists 
Alexander Marcet, Professor Pictet from Geneva as well as detailed assistance with the text from Dr John Yelloly. 
Conversations on chemistry was published by Longmans in December, 1806 in two volumes of about 360 pages each. 
She completed the book, had run a busy household involved with entertaining guests and had borne two children all in 
about five years. The book was well illustrated (with Jane’s own drawings) and the experiments were clearly described 
(Knight, 2000, p.194). The book was published anonymously as she did not wish to compromise her husband’s career. 
This allowed it to be plagiarised in the United States where more than 160,000 copies were sold up to 1863. After initial 
publication, Jane Marcet regularly revised each new edition of her books always attempting to obtain the latest 
information from the top scientists of the time. 
The characters involved in the dialogues were Mrs Bryan, who is the reliable source of information, the earnest Caroline 
who asks sensible and leading questions and the clever impetuous Emily, who brightens up the book but who makes 
many errors. These keep the same roles throughout the 650 pages of Conversations on chemistry and they also appear in 
later books. 
 
CRITICISMS, SUCCESS AND CELEBRATION 
 

It is very curious to observe that the main critics of Jane Marcet’s Conversations on chemistry were American 
men who plagiarised her work. Her most vigorous critic was John Lee Comstock (Lindee, 1991, p. 18), who produced 
ten editions of Marcet’s Conversations on chemistry in his own name over a period of about forty years. Comstock’s 
main criticism was that Marcet’s work was not suited to American secondary schools or colleges, but this had not been 
her aim in writing the book. Her intended purpose for writing the book was to further the scientific education of women. 
Comstock knew that the book was already popular in American Schools and he considered that it contained numerous 
errors, so he thought that by adding his criticisms to the text, he would reduce the harm that the original text would have 
caused. This self-justification proved to be a convenient argument for him and would also have been a valuable source of 
income. There were several other American editors for Conversations on chemistry namely, Rev. John Lauris Blake (an 
Episcopalian minister) and Thomas P. Jones who each produced several editions and William H. Keating and Thomas 
Cooper who each produced one edition. The criticisms of these men were more moderate. These were not the only critics 
of Conversations on chemistry. Amos Eaton (1776-1842), a well-known American chemist, thought that the book would 
‘serve for want of a better book’ and was later more critical of the many different versions of Conversations on chemistry 
should be discarded as they made ‘machines of students and drones of teachers’ (quoted by van Klooster, 1938, p. 455). 
Conversations on Chemistry was the most popular chemistry text in the first half of the nineteenth century going through 
sixteen editions in Britain and twenty-three American printings (Wood, 2010). There were four French editions, a Swiss 
edition and an Italian translation of the French edition (Rayner-Canham & Rayner-Canham, 1998, p. 34), two German 
translations (WorldCat) and none from Portugal even though her writing obtained considerable praise from the 
Portuguese periodical press in the latter part of the nineteenth century (Terenas, 2014, p. 59). There was even a 
translation in Gujarati by Meherwanji Hormusji Mehta of the American Mission Press of Bombay in 1851 (WorldCat). 

The lack of variety of textbooks in chemistry and in natural philosophy at a school level in the American market 
caused the various editions of Marcet’s work to be used in schools, particularly in schools and academies for girls, during 
the period from 1810 to 1840. Mary Swift, the principal of Litchfield Female Academy did not consider Marcet’s 
Conversations on Natural Philosophy suitable for the girls that she was teaching so she wrote her own natural philosophy 
text entitled First lessons on natural philosophy for children–part first in 1833. This book, which was written in a 
question/answer (catechetical) style as opposed to the conversational style used by Jane Marcet, also had an 
exceptionally long and interesting history (Palmer, 2011). In spite of the opinions of the various critics mentioned above, 
there is no doubt that the ubiquity and longevity of Jane Marcet’s science texts testifies to their immense value. Certainly 
Conversations on chemistry did much to popularise chemistry. Michael Faraday stated that it influenced him, when only 
an errand boy and apprentice bookbinder, to enter a life devoted to science. There is evidence that the book influenced 
some of the famous writers of the time such as Edgar Allen Poe and Ralph Waldo Emerson (Werner, 2004, p. 51). There 
is evidence too that Conversations on Chemistry influenced Edward Williams Morley (1838-1923), an American 
chemist, who read the book on the recommendation of his mother before he reached his teens, as his mother had studied 
chemistry using the book (Hamerla, 2006, p. 50).  
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There may be another cultural links that indicate how widely Jane Marcet’s name was known by the 1840s. For 
example, Blackwoods Magazine ran an unattributed serialised novel entitled ‘Love in the wilderness’, where the 
following sentence occurs ‘Let there be a truce between us in question and answer, and all will be delightful. We have 
hitherto been like Mrs Marcet's chemistry, all whys and becauses.’ (Anon, 1844). For the simile to have any meaning to 
the Blackwoods Magazine readers, there would need to be a widespread familiarity with Jane Marcet and her books. 
‘Love in the wilderness’ was also serialised in a variety of American newspapers (Reporter 3, 1844: Reporter 4, 1844: 
Reporter 5, 1845) which indicates that there was a widespread knowledge of Mrs Marcet's book on chemistry in America 
too.  

One final and interesting feature of Jane Marcet's Conversations on Chemistry by which the quality of the writing 
may be judged is that over the years some of those interested in the history of chemistry have scripted portions of her 
book and acted them in a public performance in costume and with experiments. Instances of these performances have 
been published by Eva V. Armstrong (Armstrong, 1938, p. 57) and very recently at the Chemical Heritage Foundation 
(Mohaupt, 2015, p. 8). 
 
CONCLUSION 
 

Jane Marcet wrote Conversations on Chemistry which is a wonderful and inspirational book, and which has 
been used to encourage many into developing a strong interest in chemistry. She also wrote text books that popularised 
other sciences and economics and in her later years wrote many books for younger children. She managed this in spite of 
suffering from some form of depressive illness. This paper is written to celebrate her hard work and genius. 
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Abstrak:Penelitian ini bertujuan untuk mengetahui implikasi penerapan pendekatan Socio-critical dan Problem-
oriented dalam pembelajaran kimia khususnya materi larutan elektrolit dan non elektrolit. Penelitian ini 
dilaksanakan pada tahun ajaran 2014/2015 yang melibatkan siswa kelas X di SMAN 107 Jakarta. Kegiatan 
pembelajaran dengan pendekatan Socio-critical dan Problem-oriented dilakukan dengan menyajikan beberapa 
isu yang berkaitan dengan materi larutan elektrolit dan non elektrolit melalui berbagai media seperti artikel, 
video, wacana, surat kabar, dan media lainnya kemudian mereka mengaji dan mengkritisi isu-isu tersebut 
melalui diskusi kelompok dan memperdebatkannya. Isu sosial yang diangkat dalam penelitian ini terdiri dari isu 
minuman isotonik yang dapat menggantikan ion tubuh yang hilang, air laut sebagai alternative minuman yang 
menyehatkan, dan perdebatan obat pencahar. Metodologi yang digunakan adalah metodologi penelitian kualitatif 
yang diterapkan dengan melakukan pengumpulan data melalui teknik wawancara, observasi kelas, reflektif 
jurnal, dan instrumen VLES. Seluruh Siswa memberikan respon terhadap kegiatan pembelajaran yang diikutinya 
baik secara lisan maupun tertulis. Hasil penelitian menyimpulkan beberapa Implikasi yang muncul dari 
pendekatan ini diantaranya softskill siswa berupa kerjasama antar siswa, empati dan saling menghormati satu 
sama lain melalui aktivitas debat dan diskusi, berpikir kritis menyelesaikan permasalahan yang diberikan, 
berdialog, mengemukakan pendapat, kreatif, percaya diri, refleksi terhadap nilai-nilai yang ada dalam dirinya 
maupun lingkungannya dan dapat mengevaluasi serta menentukan kebijakan yang akan dipilihnya.  
 
Kata kunci : Socio-critical and problem-oriented, Chemistry learning, Electrolyte and non-electrolyte solutions,  
 
Abstract: This study aimed to determine the implications of a socio-critical and problem-oriented approach in 
learning chemistry on material electrolyte and non-electrolyte solutions. The research was conducted in the 
academic year 2014/2015 and involved students in a year 10 class. Learning activities in a socio-critical and 
problem-oriented approach included reviewing and critiquing social issues that were presented through various 
media such as articles, videos, discourse, newspapers, and other media. Social issues raised in this study 
included those involving isotonic drinks and seawater. A qualitative research methodology was applied by 
collecting data through interviews, observations, reflective journals, and a VLES questionnaire. The study 
concluded that learning by socio-critical and problem-oriented approach has positive implications for students 
such as developing cooperation among students throught debates and discussions on social issues, students 
interested and motivated to learn chemistry, and the development of their critical thinking skills in analysing the 
articles. Students also learned to respect each other when a debate took place, to express their arguments, and 
reflect on their values. Students developed their creativity in creating posters and media. Thus, the socio-critical 
problem-oriented approach was seen to have positive implications on students’ learning, especially with regard 
to the development of their soft skills in chemistry learning. 
 
Keywords: Socio-critical and problem-oriented, Pembelajaran kimia, Larutan elektrolit and non-elektrolit 
 
 
 
PENDAHULUAN 
Brady (2009) mendefinisikan ilmu kimia sebagai ilmu yang mempelajari bahan-bahan yang ada di alam semesta, 
interaksi diantaranya dan perubahan energi yang berhubungan atau disebabkan oleh adanya perubahan-
perubahan alam. Namun pada kenyataannya seringkali siswa menganggap kimia sebagai pelajaran abstrak 
sehingga dipandang Ilmu kimia mempunyai peranan penting karena memberikan kontribusi besar dan berarti 
terhadap perkembangan ilmu-ilmu terapan lainnya seperti pertanian, kesehatan, perikanan, serta teknologi. 
sebagai suatu disiplin ilmu yang sukar dipelajari dan tidak menyenangkan (Ultay & Calik, 2011).  
Pembelajaran kimia di kelas yang masih memunculkan berbagai permasalahan seperti kurang diminatinya mata 
pelajaran kimia oleh siswa sebagai bagian dari rumpun mata pelajaran kimia (Eilks & Marks, 2009). Hal ini 
dikarenakan siswa tidak mengetahui aplikasi dari ilmu kimia dalam kehidupan sehari-hari (Bucat, 1984). Hal 
serupa ditemukan pula di Negara Jerman dalam penelitian yang dilakukan oleh Ralf Marks yang menyatakan 
bahwa pelajaran kimia tidak cukup popular bagi siswa dan kegiatan pembelajaran kimia di Jerman tidak efektif 
dalam meningkatkan kemampuan berfikir kritis siswa. (Mark, Bertram, & Eilks, 2008).  

Berdasarkan data yang dikumpulkan melalui kegiatan wawancara kepada beberapa siswa kelas X 
hingga kelas XII di dua sekolah berbeda yaitu SMAN 4 Jakarta dan SMAN 107 Jakarta,menyimpulkan bahwa 
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hampir 80% siswa menyatakan bahwa pembelajaran kimia di kelas hanya berupa teori, rumus, latihan, dan soal 
saja tanpa ada aplikasi yang dapat diterapkan dengan kehidupan sehari-hari. Sedangkan 20% lainnya 
menyatakan bahwa pembelajaran kimia di kelas biasa saja kadang seru dan kadang membosankan. Berdasarkan 
hasil observasi di beberapa kelas, terlihat  bahwa siswa cenderung pasif dan hanya menulis yang diajarkan guru 
selama pembelajaran berlangsung. Siswa hanya menjawab pertanyaan yang diajukan oleh guru saja tanpa 
bertanya lebih lanjut maupun mengkritisi sebuah permasalahan yang muncul dalam kehidupan sehari-hari. Siswa 
memperoleh teori, rumus, soal latihan, soal tes, kemudian nilai. Hal ini terus menerus terjadi dan berulang 
membentuk siklus belajar kimia di kelas. Beberapa orang siswa mengaku bahwa tidak diperolehnya  sebuah 
makna (meaning) setelah belajar kimia di kelas untuk dapat diterapkan dalam kehidupan sehari-hari selain hanya 
rumus, dan teori yang sudah dihapalkannya. 

Pendekatan Socio-critical dan Problem-oriented dipilih sebagai salah satu pendekatan yang diterapkan 
dalam pembelajaran kimia pada materi terpilih yaitu larutan elektrolit dan non elektrolit. Hal ini dikarenakan 
materi tersebut memiliki karakteristik materi yang cocok untuk diterapkannya pendekatan ini seperti: kesesuaian 
materi dalam hal  konsep, memiliki keterkaitan dengan isu atau masalah sosial yang sedang berkembang di 
lingkungan siswa, serta sesuai dengan waktu dilaksanakannya penelitian. Sebelumnya, pendekatan Socio-critical 
dan Problem-oriented dilakukan pada beberapa isu seperti  plastik, makanan instan, biodiesel, dan parfum yang 
dilakukan oleh beberapa peneliti asal Jerman. Berdasarkan hasil penelitian yang dilakukan oleh Mark dan Eilks 
(2008), pendekatan ini dapat meningkatkan minat siswa dalam ilmu pengetahuan dan teknologi, mencari 
relevansi  ilmu dengan masalah yang diperdebatkan di masyarakat, mengembangkan kemampuan berfikir kritis 
siswa dalam memperoleh informasi serta meningkatkan pembelajaran aktif yang relevan dengan isu-isu sosial-
ilmiah kontroversial saat ini.  
 
METODOLOGI PENELITIAN 

Metode yang digunakan adalah metode penelitian kualitatif yang diterapkan dengan melakukan 
pengumpulan data melalui teknik wawancara, observasi kelas, reflektif jurnal, dan instrumen VLES. 
Pengumpulan data mengacu pada enam indikator instrumen VLES yang terdiri atas metode pembelajaran, 
dukungan guru, kerjasama, empati komunikasi, berpikir kritis, dan refleksi isu-isu sosial.  Subjek penelitian 
adalah 36 siswa kelas X IPA 1 SMAN 107 Jakarta selama 2 bulan dan pengamatan berlanjut hingga 1 semester 
berakhir. Berikut ini alur kegiatan pembelajaran larutan elektrolit dan non elektrolit dengan pendekatan socio-
critical and problem-oriented . Penelitian ini dilaksanakan dengan pembentukan kelompok siswa dan pembagian 
artikel yang berisi isu social. Masing-masing kelompok mengkritisi isu dan permasalahan sosial yang 
diterimanya kemudian ditentukan kelompok pro dan kontra.  Kelompok pro dan kontra pada artikel yang sama 
melakukan debat dan mempertahankan pandangannya terhadap isu yangdiberikan. 
 
HASIL PENELITIAN 

Berdasarkan data yang dikumpulkan, implikasi yang ditemukan selama kegiatan mengkaji isu dan 
masalah sosial terhadap masing-masing artikel diantaranya adalah terjalinnya kerjasama antar siswa melalui 
kegiatan debat dan diskusi isu-isu sosial; siswa tertarik dan termotivasi untuk belajar kimia terutama melalui 
pembahasan isu-isu sosial; siswa belajar saling menghormati satu sama lain saat debat berlangsung;  kemampuan 
berpikir kritis siswa terlatih melalui kajian artikel; siswa belajar berdialog dan berpendapat melalui kegiatan 
debat; menganalisa & merefleksikan nilai-nilai yang dimiliki siswa melalui evaluasi isu-isu sosial serta belajar 
menyelesaikan masalah secara bersama-sama melalui diskusi. Selain itu rasa percaya diri dan kreativitas siswa 
juga dapat terlihat dari hasil poster sebagai media pendukung debat. Berikut ini salah satu kutipan siswa selama 
mengikuti pembelajaran kimia dengan pendekatan Socio-critical dan Problem-oriented: 

 
“Saya lebih tertarik jika belajar kimia seperti ini apalagi ada kegiatan debatnya karena tidak 

monoton seperti belajar kimia sebelumnya”  
(wawancara Siswa, 28 Januari 2015) 

 
“Dari debat saya menjadi sadar ternyata yang namanya minuman isotonik ataupun obat 

pencahar memiliki sisi positif dan sisi negatif.”  
(Reflektif Jurnal siswa, 14 Januari 2015) 

 
Implikasi yang muncul selama penelitian dengan pendekatan Socio-critical dan Problem-oriented tercermin dari 
antusias siswa selama mengikuti rangkaian pembelajaran dan keterlibatan siswa terhadap setiap isu yang  
disajikan baik melalui  diskusi ataupun debat artikel. Berikut ini penjelasan dari setiap implikasi 
 
 
  Kerjasama 
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Kerjasama dibutuhkan dalam pembelajaran kimia dengan pendekatan Socio-critical dan Problem-
oriented dimana siswa dilatih untuk bekerjasama terutama dalam memecahkan isu-isu sosial yang terjadi 
dalam kehidupan sehari-hari ataupun permasalahan yang terdapat dalam artikel.Kerjasama dirasakan siswa 
dalam beberapa kegiatan seperti dalam kegiatan diskusi, membuat poster, debat, dan kegiatan eksperimen. 
Berikut ini hasil percakapan dengan  3 orang siswa 

Peneliti :   “Adakah terjalin kerjasama selama belajar kimia dengan pendekatan Socio-
critical dan Problem-oriented?” 

Siswa 1 : “Saya merasakan ada kerjasama selama belajar kimia sekarang, terutama saat 
mengerjakan poster dan kegiatan debat dan saya bisa mengetahui ide dari 
teman saya yang lain” 

Siswa 2 : “Golongan saya sangat kompak, kami bekerjasama memikirkan poster yang 
akan dibuat” 

Siswa 3 : “iya, kami saling membagi tugas kemudian mengerjakan masing-masing baru 
kemudian disatukan.” 

 
Berdasarkan cuplikan percakapan di atas, siswa merasakan adanya kerjasama satu sama lain dalam 
segolongan selama pembelajaran kimia, terlebih lagi dengan seringnya dipertemukan sebagai golongan 
.dalam mengkritisi isu sosial dalam artikel ataupun sekedar mengerjakan tugas-tugas. 

 
“Saya dan tim saya bekerjasama selama belajar kimia sekarang terutama saat melakukan 

kegiatan praktikum”  
(Reflektif Jurnal Siswa, 14 Januari 2015) 

 
Siswa tersebut menuliskan adanya kerjasama saat kegiatan praktikum yang menjadi salah satu rangkaian 
kegiatan  pembelajaran Socio-critical dan Problem-oriented yaitu pada kegiatan penyampaian konsep materi. 
Selain respon positif,  adapula siswa yang tidak merasakan adanya kerjasama bersama teman segolongannya 
dikarenakan faktor kedekatan teman sekelompok dan perbedaan gender. Salah seorang siswa mengaku 
dirinya tidak ikut berpartisipasi dalam pembuatan poster dikarenakan teman segolongannya perempuan 
semua. Akan tetapi hal demikian hanya terjadi dalam pembuatan poster saja, selanjutnya saat debat, tetap 
terjalin kerjasama. 
 

“saya kurang terlibat karena saya cowok satu-satunya di golongan saya jadinya saya terima 
jadi saja, tapi saya membantu golongan saya saat debat” 

 (wawancara Siswa, 28 Januari 2015). 
 

“Kerjasama dalam golongan saya kurang karena kami tidak dekat satu sama lain sehingga 
yang mengerjakan poster hanya perempuan saja tapi saat debat kami kompak dan kerjasama”  

(Wawancara Siswa, 28 Januari 2015) 
 

Pada umumnya, siswa menyatakan kurang kerjasama dalam pembuatan poster. Permasalahan utama yang 
dhadapi berkaitan dengan golongan yang diperoleh masing-masing siswa. Mengenai hal ini, peneliti baru 
menyadari bahwa pembagian kelompok secara acak dengan menggunakan kartu identitas unsur akan 
berdampak negatif ketika dalam satu golongan tersebut yang dominan adalah salah satu gender atau jarak 
rumah antar masing-masing anggota berjauhan. Akan tetapi, sebagian besar siswa setuju adanya kerjasama 
sebagai salah satu implikasi yang muncul dalam pembelajaran kimia dengan pendekatan Socio-critical dan 
Problem-oriented. Sehingga, dapat disimpulkan implikasi kerjasama muncul dalam pelaksanaan 
pembelajaran ini. 

 
 

   Empati Komunikasi 
Sikap empati dan Komunikasi diperlukan dalam pembelajaran kimia dengan pendekatan Socio-

critical dan Problem-oriented  ketika berkelompok agar siswa terbuka terhadap pendapat yang berbeda dari 
siswa lain dan saling menghargai. Beberapa orang siswa menyatakan rasa saling menghormati dan menghargai 
menjadi bagian dari mereka ketika berdiskusi baik ketika memutuskan tema poster, debat, maupun 
mengerjakan tugas lainnya. Walaupun rasa kesal tetap ada, tetapi rasa saling menghargai pendapat antara 
teman tetap terjaga. Identifikasi munculnya implikasi empati komunikasi dalam pembelajaran Socio-critical 
dan Problem-oriented diperoleh dari hasil kuesioner VLES, wawancara siswa, serta reflektif jurnal siswa. Salah 
seorang siswa menuliskan kesannya dalam reflektif jurnal bahwa kegiatan pembelajaran dengan pendekatan 
Socio-critical dan Problem-oriented telah membuat siswa mengenal satu sama lain dan pembagian 
kelompoknya adil serta sangat mengesankan. Berikut ini kutipannya: 
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“Belajar kimia hari ini seru. Pertama kalinya dibagi kelompok dengan cara seperti ini, 
sangat mengesankan dan adil. Saya dapat mengenal teman saya yang sebelumnya belum 

pernah sekelompok” 
(Reflektif Jurnal siswa, 7 Januari 2015) 

 
Biasanya siswa akan cenderung berkelompok dengan teman yang sama. Melalui pembelajaran ini, siswa 
dibagi kelompok berdasar golongan unsur dalam SPU sehingga dengan demikian akan terjalin komunikasi 
satu sama lain. Berbeda dengan pengakuan siswa sebelumnya, siswa yang lain mengakui dirinya sedikit kesal 
dengan teman lawan debatnya dikarenakan tidak mau mengalah ketika diberikan suatu kebenaran dan puas 
dengan kemenangan yang dirasakan ketika lawan debat terdiam tidak dapat membalas debat lagi. Berikut ini 
kutipan pengakuan siswa yang menyatakan demikian: 

 
“Saya sempat kesal dengan salah satu pernyataan teman saya yang tidak mau kalah tapi 

saya coba selow aja dan memakluminya” 
 (Wawancara siswa, 8 Januari 2015). 

 
“Saya puas dan senang ketika lawan debat saya tidak bisa membalas argumen saya ” 

 (Wawancara siswa, 28 Januari 2015) 
 

Berdasar pernyataan siswa di atas, dapat disimpulkan bahwa terdapat segelintir siswa yang menunjukan tidak 
munculnya empati komunikasi selama kegiatan debat dalam pembelajaran Socio-critical dan Problem-
oriented. 

 
    Berpikir Kritis 

Dalam pembelajaran Socio-critical dan Problem-oriented siswa diberikan kesempatan berpikir kritis 
baik secara individu maupun berkelompok saat berdebat dan memberikan pandangannya terkait isu sosial yang 
disajikan peneliti. Saat berlangsungnya kegiatan debat, setiap siswa menyimak dan peneliti sesekali menunjuk 
siswa menyampaikan pandangannya terhadap masalah yang diperdebatkan. 

 
“Pada pelajaran hari ini saya diminta untuk mencari isu sosial yang berhubungan dengan 

larutan elektrolit dan non elektrolit. Tugas seperti ini menuntut saya berpikir lebih keras.” 
(Reflektif jurnal, 7 Januari 2015) 

 
“Pembelajaran hari ini sedikit lelah. Saya dituntut kritis dan secara tidak disadari saya ternyata 

dapat melakukannya.” 
(Reflektif jurnal, 14 Januari 2015) 

 
 

“Saya menjadi termotivasi untuk mengkritisi permasalahan yang guru sajikan terutama 
artikel 2 yaitu tentang air laut yang ketika saya pikirkan ternyata memang mengandung ion 

elektrolit”  
(Wawancara siswa,, 28 Januari 2015) 

 
Berdasarkan kutipan di atas, siswa menyadari bahwa pembelajaran Socio-critical dan Problem-oriented 
memicu siswa untuk berfikir kritis dalam memahami permasalahan yang disajikan serta termotivasi untuk 
mengkritisi permasalahan dalam setiap artikel. Selain itu pula, observer mengamati bahwa siswa terlihat 
bersungguh-sungguh ketika peneliti memberikan tugas untuk mendiskusikan isu-isu sosial dan kemampuan 
berfikir kritis mereka terlihat saat menyanggah pendapat lawan debatnya. 

 
   Refleksi Isu-Isu Sosial 

Salah satu tujuan utama kegiatan pembelajaran Socio-critical dan Problem-oriented adalah 
munculnya refleksi terhadap permasalahan dan masalah sosial di masyarakat yakni berupa sikap, dan evaluasi 
diri. Berdasarkan hasil observasi, kuisioner VLES, wawancara siswa, serta reflektif jurnal siswa dapat 
disimpulkan  siswa menjadi lebih termotivasi dalam mencari kebenaran secara teoritis terhadap permsalahan 
yang sedang berkembang serta belajar untuk lebih berhati-hati memilih produk. Siswa tertarik belajar kimia 
melalui permasalahan terkait dengan kehidupan sehari-hari dan mengkajinya bersama-sama akan kegunaaan 
dan bahaya yang ditimbulkan. 

 
Kesimpulan 
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Pembelajaran kimia dengan pendekatan Socio-critical dan Problem-oriented dalam materi larutan 
elektrolit dan non elektrolit diberikan respon yang baik oleh siswa dan memunculkan beberapa implikasi positif. 
Implikasi positif yang muncul dalam pembelajaran ini lebih mengarah pada pengembangan softskill siswa seperti 
pengembangan kerjasama yang terlihat saat siswa berdiskusi dan membuat poster, kemampuan berkomunikasi, 
berargumentasi, berdialog dan empati komunikasi dalam kegiatan debat; termotivasinya kemampuan berpikir 
kritis siswa melalui isu-isu sosial dalam artikel; keantusiasan, rasa percaya diri, kemampuan berkreasi serta yang 
terpenting munculnya evaluasi dan kesadaran siswa sebagai refleksi terhadap isu-isu sosial. Hal ini 
mengindikasikan kegiatan pembelajaran dengan pendekatan Socio-critical dan Problem-oriented dapat menjadi 
salah satu pilihan bagi guru dalam menyampaikan materi elektrolit dan non elektrolit yang menyenangkan dan 
bermakna bagi siswa. 
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IMPLEMENTASI LESSON STUDY DENGAN PENDEKATAN 
PROBLEM BASE LEARNING DAPAT MENINGKATKAN 

EFEKTIVITAS PEMBELAJARAN BIOLOGI PADA MATERI 
EKOSISTEM DI SMA NEGERI 88 JAKARTA 

Sri Nurhidayati, Susilo Hartono, dan Djuwarsono 
 

Abstrak: Penelitian ini bertujuan untuk meningkatkan efektivitas pembelajaran Biologi  melalui Lesson study 
dengan pendekatan Problem Base Learning pada materi Ekosistem di Kelas X Matematik Ilmu Alam SMA 
Negeri 88 Jakarta.Penelitian dilaksanakan pada semester genap tepatnya  tgl 4 sampai dengan 22 Mei 2015  di 
Klas X MIA , yang terdiri atas dua kelas MIA 1 dan 2 dengan jumlah peserta didik  masing-masing 36. Metode 
Penelitian yang digunakan dalam penelitian ini Diskriptif kualitatif dan hasil Test formatif. Penelitian dilalukan 
dua kali pertemuan untuk masing-masing  kelas X Matematika Ilmu Alam dan dua siklus. Setiap siklus terdiori 
atas tiga tahapan yauitu Perencanaan ( Plan ), Pelaksanaan ( DO ) dan tahap Repleksi ( See ).Efektivitas  
pembelajaran dapat diukur melalui  lima indikator yaitu aktivitas  peserta didik yang mendukung proses 
pembelajaran, interaksi dalam proses pembelajaran, kepuasan peserta didik, hasil test formatif dan nilai laporan 
Porto polio. Hasil analisis  menunjukkan kelima indikator mengalami perubahan ke arah positip atau ada 
peningkatan  dari dua siklus yang dilakukan. Berdasar hasil yang diperoleh dapat disimpulkan Lesson Study 
dengan Pendekatan Problem Base Learning dapat meningkatkan efektivitas pembelajaran Biologi  pada Materi 
Ekosistem di Kelas X MIA SMA Negeri 88 Jakarta. 
 
Kata kunci: Efektivitas pembelajaran , Lesson Study, Problem Base Learning. 

 
PENDAHULUAN. 

Belajar adalah perubahan yang relatif permanen dalam perilaku atau potensi perilaku sebagai hasil 
dari pengalaman atau latihan yang diperkuat. Belajar merupakan akibat adanya interaksi antara stimulus dan 
respon. Seseorang dianggap telah belajar sesuatu  jika dia dapat menunjukkan perubahan perilakunya. 
Menurut teori ini dalam belajar yang penting adalah input yang berupa stimulus dan output yang berupa 
respon.  

Stimulus adalah apa saja yang diberikan guru kepada pelajar, sedangkan respons berupa reaksi atau 
tanggapan pelajar terhadap stimulus yang diberikan oleh guru tersebut.  Oleh karena itu, apa yang diberikan 
oleh guru (stimulus) dan apa yang diterima oleh pelajar (respons) harus dapat diamati dan diukur. Belajar 
menurut Oemar Hamalik adalah perubahan tingkah laku yang relatif mantap berkat latihan dan pengalaman. 
Belajar yang dilakukan sekolah dilakukan dengan sengaja mempunyai maksud dan tujuan tertentu , sehingga 
proses belajar harus direncanakan agar dapat dikontrol secara cermat dan dapat diketahui tingkat 
keberhasilannya  melalui sistem penilaian . ( Oemar Hamalik 2004 : 154 )    

Prestasi belajar merupakan salah satu tolok ukur untuk mengetahui keberhasilan / efektivitas proses 
pembejajarannya. Penelitin ini bertujuan  meningkatkan efektifitas Pembelajaran Biologi dalam materi 
Ekositem, yang diharapkan akan member dampak pada peningkatan hasil belajar peserta didik. Salah satu 
factor tercapainya keberhasilan pembelajaran adalah factor internal yaitu factor yang berasal dari peserta 
didik, baik berupa minat,bakat ketertarikan pada pelajaran, motivasi dan intelegensi.Permasalahan yang 
muncul akhir-akhir ini,  hasil diskusi para guru Biologi dalam MGMP sekolah adalah berkurang motivasi 
belajar peserta didik. Jika motivasi belajar berkurang secara tidak langsung proses belajar tidak maksimal, 
proses pembelajaran tidak efektif dan akhirnya akan mempengaruhi hasil belajar. 

Faktor eksternal juga dapat mempengaruhi proses belajar, yang terkait dengan factor eksternal antara 
lain pendekatan , metode dan lingkungan belajar. Selain peserta didik sebagai subyek belajar ada unsur 
pentinglain yaitu Guru sebagai pendidik yang bertanggung jawab memberi  ilmu penegtahuan sekaligus 
membimbing nilai-nilai akhlak, moral dan social. Untuk menjalankan tugasnya guru dituntut mampu 
mengevaluasi kinerjanya, yang selanjutnya hasil evaluasi dapat digunakan sebagai masukan untuk 
memperbaiki kinerjanya. Salah satu cara untuk untuk melakuakn pengkajian proses pembelajaran adalah 
melalui Lesson Study. 

Ada tiga tahapan dalam Lesson Study Mulyana ( 2007 ) yaitu : (1) Perencanaan ( Plan), (2) 
Pelaksanaan  ( Do ), dan Pengamatan ( See ).       
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Gambar 1. Bagan  Pelaksanaan  Lesson study 
 

        Menurut Panduan Lesson study berbasis MGMP dan Lesson study berbasis Sekolah, peningkatan mutu 
pembelajaran memelalui Lesson study dimulai dengan tahapan sebagai berikut : 
1. Perencanaan     ( Plan ). Pada tahap ini dilakukan identifikasi masalah yang ada di kelas, berkaitan dengan 

materi pokok , jadwal pelajaran, karakteristik peserta didik, metode dan pendekatan pembelajaran , media 
dan alat peraga serta proses evaluasi. Rencana Pelaksanaan Pembelajaran disusun secara kolaboratif , 
kemudian ditentukan guru yang akan mengimplementasikannya pada open Lesson  ( pelaksanaan 
Pembelajaran ). 

2. Pelaksanaan Pembelajaran ( Do ) melalui open Lesson. 
Dalam open Lesson , guru model mengimplementasikan rancangan pembelajaran yang telah dirumuskan 
dalam perencanaan.Selama open Lesson berlangsung aktivitas peserta didik dalam pembelajaran diamati 
oleh observer atau pengamat. Observer mengamati dan  mencatat seluruh aktivitas sesuai indikator yang 
telah ditentukanuntuk kemudian direfleksi. 

3. Refleksi ( See ) 
Setelah selesai proses pembelajaran dilakukan diskusi antara guru model dan observer yang dipandu 
moderator untuk membahas proses pembelajaran yang dilaksanakan. . Guru model akan menyampaikan 
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kesan –kesan dalam melaksanaakn  pembelajaran. Selanjutnya observer menyampaikan komentar dan 
Lesson Learn dari proses pembelajaran terutama pada aktivitas peserta didik.  

Hal yang penting dalam kegiatan Refleksi dapat melihat apa yang sudah baik dan apa yang masih perlu  
diperbaiki, misalnya metode, alat bantu atau lembar kerja yang harus diperbaiki, sehingga kembali 
masuk siklus berikutnya.  

Tindak lanjut dari hasil refleksi dapat diperoleh sejumlah pengetahuan baru atau keputusan-keputusan 
penting guna perbaikan dan peningkatan proses pembelajaran, baik pada tataran indiividual, maupun menajerial. 
Pada tataran individual, berbagai temuan dan masukan berharga yang disampaikan pada saat diskusi dalam 
tahapan refleksi (check) tentunya menjadi modal bagi para guru, baik yang bertindak sebagai pengajar maupun 
observer untuk mengembangkan proses pembelajaran ke arah lebih baik. 

Lesson study memberikan banyak manfaat bagi para guru, antara lain: (a) guru dapat mendokumentasikan 
kemajuan kerjanya, (b) guru dapat memperoleh umpan balik dari anggota/komunitas lainnya, dan (c) guru dapat 
mempublikasikan dan mendiseminasikan hasil akhir dari Lesson Study. Seperti yang kita sudah ketahui, 
peningkatan kualitas pendidikan untuk menciptakan lingkungan belajar yang baik bagi siswa adalah hal penting. 
Namun, jarang kita berpikir tentang lingkungan belajar bagi guru. Sebenarnya  hal ini juga sangat penting untuk 
meningkatkan kualitas pendidikan untuk menciptakan lingkungan belajar yang lebih baik bagi para guru, karena 
guru juga harus belajar untuk mengembangkan kemampuan mereka. 

Pada umumnya kita menganggap bahwa pengembangan profesional adalah sebuah peristiwa khusus , 
sehingga  kita biasanya mengorganisir beberapa pelatihan dan lokakarya sebagai kegiatan khusus. Sebenarnya 
pengembangan profesi harus terus-menerus, menjadi tugas guru sehari-hari. Pengembangan profesi bukan 
sesuatu yang kita harus pertahankan sebagai kegiatan terpisah dari praktek  sehari-hari. Menurut Panduan 
Peningkatan Proses Belajar Mengajar  Kesempatan belajar muncul setiap saat, ketika sebuah pelajaran 
berlangsung,penilaian diselenggarakan, kurikulum dikaji, pengamatan aktivitas kelas, dan ketika percakapan 
berlangsung dengan guru lain atau perangkat sekolah. Jadi perlu membangun budaya sekolah dimana semua 
pihak belajar berkesinambungan (siswa, guru, dan perangkat sekolah). Dalam kegiatan Lesson study dapat 
digunakan dengan berbagai pendekatan  model pembelajaran, dalam penelitian ini salah satu pendekatannya 
menggunakan Problem Base Learning.  

Model pembelajaran berbasis masalah merupakan sebuah model pembelajaran yang menyajikan masalah 
kontekstual sehingga merangsang peserta didik untuk belajar. Dalam kelas yang menerapkan pembelajaran 
berbasis masalah, peserta didik bekerja dalam tim untuk memecahkan masalah dunia nyata (real world).  
Konsep Dasar Dalam  Problem Based Learning) 

Guru atau fasilitator  memberikan konsep dasar, petunjuk, referensi, atau link dan skill yang diperlukan 
dalam pembelajaran tersebut. Hal ini dimaksudkan agar peserta didik lebih cepat masuk dalam atmosfer 
pembelajaran dan mendapatkan ‘peta’ yang akurat tentang arah dan tujuan pembelajaran 
Langkah-langkah Operasional  dalam  Proses Pembelajaran  
a. Pendefinisian Masalah (Defining the Problem) 

Dalam langkah ini fasilitator menyampaikan skenario atau permasalahan dan peserta didik melakukan 
berbagai kegiatan brainstorming dan semua anggota kelompok mengungkapkan pendapat, ide, dan 
tanggapan terhadap skenario secara bebas, sehingga dimungkinkan muncul berbagai macam alternatif 
pendapat. 

b. Pembelajaran Mandiri (Self Learning) 
Peserta didik mencari berbagai sumber yang dapat memperjelas isu yang sedang diinvestigasi. Sumber 
yang dimaksud dapat dalam bentuk artikel tertulis yang tersimpan di perpustakaan, halaman web, atau 
bahkan pakar dalam bidang yang relevan.  

c. Tahap investigasi (investigation) 
Tahap investigasi memiliki dua tujuan utama, yaitu: (1) agar peserta didik mencari informasi dan 
mengembangkan pemahaman yang relevan dengan permasalahan yang telah didiskusikan di kelas, dan 
(2) informasi dikumpulkan dengan satu tujuan yaitu dipresentasikan di kelas dan informasi tersebut 
haruslah relevan dan dapat dipahami.  

d. Pertukaran Pengetahuan (Exchange knowledge) 
Setelah mendapatkan sumber untuk keperluan pendalaman materi dalam langkah    pembelajaran mandiri, 
selanjutnya pada pertemuan berikutnya peserta didik berdiskusi dalam kelompoknya untuk 
mengklarifikasi capaiannya dan merumuskan solusi dari permasalahan kelompok. Pertukaran 
pengetahuan ini dapat dilakukan dengan cara peserrta didik berkumpul sesuai kelompok dan 
fasilitatornya. (Wordpress.com ) 
Banyak model pembelajaran atau cara pendekatan belajar , mana yang paling ideal sangat tergantung 
pada factor lain yang saling terkait seperti : jenis materi,  subyek belajar/ peserta didik, waktu , media dan 
kemampuan / kompetensi guru. 

 Pencapaian keberhasilan dari tindakan yang dilakukan dalam kegiatan pembelajaran di kelas X Mia  
dengan pendekatan problem Base dalam Lesson Study adalah adanya perubahan sikap siswa terhadap mata 
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pelajaran Biologi yang selama ini kurang  aktif atau membosankan menjadi aktif/ interaktif dalam kegiatan 
belajar  dan menyenangkan, menyukai dan senang berkompetisi. Pembelajaran Biologi yang semula kurang 
efektif karena menggunakan pendekatan yang kurang tepat , menjadi lebih efektif karena menggunakan 
pendekatan yang sesuai dengan karakteristik peserta didik maupun karakteristik pembelaran Sains atau Ilmu 
Pengetahuan Alam khususnya Biologi. Maka diharapkan adanya perubahan terhadap hasil belajar peserta didik 
disetiap siklus, dimana perubahan tersebut cenderung kearah yang lebih baik atau adanya peningkatan prestasi . 
 
HASIL PENELITIAN DAN PEMBAHASAN . 
1. Untuk mengetahui tingkat Aktivitas dan Interaksi dalam proses pembelajaran  dapat dilihat dari hasil 

observasi observer  dalam table 4.1. hasilnya peserta didik cenderung aktif dan sangat aktif  
Tabel 1. Aktivitas dan Interaksi  dalam proses pembelajaran. 

 
Tingkat keaktivan 

 
Skor 

X MIA 1 X MIA 2 Jumlah Prosentase 
 ( % ) 

A B A B A B A B 
Kurang aktif 1         

Cukup aktif 2         
Aktif 3 27 24 21 27 48 51 66,66 70,82 
Sangat aktf 4 9 12 15 9 24 21 33,34 29,18 
  36 36 36 36 72 72 100 100 

    Keterangan : 
A. Indikator aktivitas yang mendukung pembelajaran 
B. Indikator interaksi dalam pembelajaran  

 
Hasil pengamatan observer dalam Lesson Study I di kelas X MIA 1 dan 2 menunjukkan peserta didik 
aktif dalam aktivitas pembeljaran mencapai 66,66% sedang yang sangat aktif mencapai 33, 34 %.  Untuk 
peserta didik yang kategori aktif dalam interaksi  proses pembelajaran mencapai 70,82% sedang yang 
sangat aktif mencapai 29,18 %. 

2. Kepuasan peserta didik merupakan indikator keberhasilan suatu proses pembelajaran yang  dilihat melalui 
angket setelah kegitan pembelajaran berlangsung. 

Tabel 2. Kepuasan Pembelajaran. 
Tingkat kepuasan Skore X MIA 1 X MIA 2 Jumlah Prosentase  

( % ) 
Sangat tidak puas 0 – 20     
Tidak puas 21 – 40
Cukup puas 41 – 60
Puas 61 – 80 8 12 20 27,80 
Sangat Puas 81 - 100 28 24 52 72,20 
  36 36 72 100 

 
Hasil angket kepuasan peserta didik pada kegiatan Lesson study  I menunujukan peserta didik yang 
merasa puas mencapai 27,80 %, sedang perserta didik yang merasa sangat puas mencapai 72,80 %. 

3. Test formatif setelah proses belajar merupakan salah satu indikator untuk melihat keberhasilan proses 
pembelajaran yang dilakukan, apakah semua peserta didik  sudah mencapai Standar Ketuntasan Minimal 
yang ditetapkan yakni dengan nilai 70 

Tabel. 4. 3. Hasil Test Formatif . 
Standar Nilai X MIA 1 X MIA 

2 
Jumlah Prosentase  

( % ) 
Belum mencapai SKM    < 70 14 19 33 45,83 
Mencapai SKM    ≥ 70 22 17 39 54,17 
  36 36 72 100 

 
Hasil test formatif pada kegiatan Lesson Study I,  ada 33 peserta didik yang belum mencapai Standar 
Ketuntasan Minimal yang ditetapkan  atau 45, 83%. Peserta didik yang sudah mencapai Standar 
Ketuntasan Minimal ada 39 atau 54,17 %. 

4. Penilaian kegiatan berupa porto polio merupakan salah satu indikator untuk mengetahui keberhasilan 
proses pembelajaran. 
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Tabel 4. Hasil Nilai Portopolio. 
Kriteria Nilai X MIA 1 X MIA 2 Jumlah Prosentase  

( % ) 
Sangat kurang 0 – 20     
Kurang 21 – 40     
Cukup  41 – 60  3 3 4,17 
Baik 61 – 80 4 3 7 9,72 
Sangat Baik 81 - 100 32 30 62 86,11 
  36 36 72 100 

 
Hasil nilai porto polio peserta didik pada kegitan Lesson Study I peserta didik yang      mencapai nilai 
cukup 4, 17 % , sedang pesert adidik yang mencapi nilai Baik mencapai 9,72 % , yang mencapai nilai 
Sangat Baik  mencapai 86,11 %. 

Hasil Pengamatan Lesson Study siklus II. 
Kekurangan – kekurangan yang terjadi pada kegiatan Lesson Study I akan diperbaiki pada kegiatan berikutnya / 
Lesson Study II diantaranya adalah : 
1. Perlunya penambahan alternatif media berupa gambar / slide bentuk – bentuk ekositem di alam yang lebih 

komplek dan luas, sebagai pembanding yang  akan memperkuat konsep pada peserta didik. 
2. Lembar Kerja peserta didik perlu disempurnakan dengan lebih banyak memberi ruang pada peserta didik 

untuk mengemukakan pendapat.  
Tabel 5. Aktivitas dan Interaksi  dalam proses pembelajaran. 

Tingkat keaktivan  
Skor 

X MIA 1 X MIA 2 Jumlah Prosentase ( % ) 
A B A B A B A B 

Kurang aktif 1         

Cukup aktif 2         
Aktif 3 9 14 15 15 24 29 33,33 40,28 
Sangat aktf 4 27 22 21 21 48 43 66,67 59,72 
  36 36 36 36 72 72 100 100 

         Keterangan : 
Indikator aktivitas yang mendukung pembelajaran ( A ) 
Indikator interaksi dalam pembelajaran                  ( B ) 
 

Hasil pengamatan observer maupun guru pada kegiatan Lesson Study II setelah dilakukan penambahan/ 
perubahan pada lembar kerja peserta didik pola aktivitasnya menunjukan peserta didik yang aktiv dalam 
aktivitas pendukung proses pembelajaran  29 atau 33,33 % sedang peserta didik yang sangat aktif mencapai 43 
atau 66.67 %. Untuk peserta didik yang mencapai kategori aktif dalam interaksi proses pembelajaran 29 atau 40, 
28 % sedang peserta didik yang mencapai sangat aktif mencapai 43 atau 59, 72 %. Jika dibandingkan dengan 
indikator yang sama pada kegitan Lesson Study I terjadi pergeseran dari prosentase jumlah peserta didik yang 
semula aktif bergeser menuju sangat aktif. 

Tabel 6. Kepuasan Pembelajaran. 
Tingkat kepuasan Skore X MIA 1 X MIA 2 Jumlah Prosentase  

( % ) 
Sangat tidak puas 0 – 20     
Tidak puas 21 – 40     
Cukup puas 41 – 60     
Puas 61 – 80 8 15 23 31,94 
Sangat Puas 81 - 100 28 21 49 68,06 
  36 36 72 100 

Hasil  angket kepuasan peserta didik pada Lesson Study ke II  peserta didik yang merasa puas disbanding 
Kegitan I bertambah menjadi 23 dan  prosentasenya menjadi 31, 94 %, sedang peserta didik yang merasa sangat 
puas berkurang menjadi 49 atau 68,06 %. 

Tabel 7. Hasil Test Formatif . 
Standar Nilai X MIA 1 X MIA 2 Jumlah Prosentase  

( % ) 
Belum mencapai SKM    < 70 11 5 16 22,22 
Mencapai SKM    ≥ 70 25 31 56 77,78 
  36 36 72 100 
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Hasil test formatif pada kegiatan Lesson Study ke II menunjukan berubahan yang signifika sehingga  peserta 
didik yang belum tuntas menjadi berkurang jumlahnya mencapai 16 atau  22,22 %. dan jumjah peserta didik 
yang sudah mencapai SKM  bertambah menjadi 56 atau   77,78 %.  

Tabel 8. Hasil Nilai Portopolio. 
Kriteria Nilai X MIA 1 X MIA 2 Jumlah Prosentase  

( % ) 
Sangat kurang 0 – 20     
Kurang 21 – 40     
Cukup  41 – 60     
Baik 61 – 80 0 3 3 4,17
Sangat Baik 81 - 100 36 33 62 95,83
  36 36 72 100 

 
Hasil nilai porto folio pada kegiatan Lesson Study II mengalami peningkatan yang signifik sehingga peserta 
didik yang semula memiliki criteria cukup menjadi tidak ada , kriteria baik berkurang menjadi 4,17 % dan untuk 
kriteria sangat baik bertambah menjadi 95, 83 %. 

Data yang dianalisa adalah data indikator aktivitas, kepuasan pesserta didik, hasil Test formatif dan hasil 
nilai portopolio. Data –data tersebut dibandingkan antara data pada kegitan Lesson Study I dengan Kegiatan 
Lesson Study II setelah ada perubahandan penambahan dalam kegitan , Adapun hasilnya adalah sebagai berikut ; 

Tabel 9. Prosentase Aktivitas . 
 Aktivitas 

Aktif Sangat aktif PROSENTASI 
Lesson Study I 48 24 66,66 33,34 
Lesson Study II 24 48 40,28 59,72 

 
Gambar 2. Grafik Aktivitas 

Dari hasil perbandingan aktivitas pada kegiatan Lesson Study I dan II menggambarkan aktivitas yang 
mendukung proses Pembelajaran menunjuk peningkatan dari aktif menjadi sangat aktif. 

Tabel 10. Interaktif 
 Interaktif 

Aktif Sangat aktif Prosentase 
Lesson Study I 51 21 70.83 29.17 
Lesson Study II 29 43 40.28 59.82 
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Gambar 3. Grafik interaktif 

Hasil perbandingan aktivitas yang berupa interaktif  peserta didik pada siklus I dan II  menunjukakan 
perubabahan peningkatan jumlah yang aktif berkurang bergeser menjadi jumlah sangat aktif bertambah. 

Tabel 11. Perbandingan tingkat Kepuasan Peserta didik 
 STP TP CP P SP % % 
Lesson Study I    20 52 27,80 72,20 
Lesson Study II    23 49 31,94 68,06 

 
Gambar 4. Grafik Kepuasan Peserta didik 

Hasil analisa perbandingan pada kegiatan Lesson study I dan II Kepuasan peserta didik , pada  tingkat 
Puas mengalami kenaikan dari 27,8% menjadi 31,94 % tetapi  pada tingkat sangat puas sedikit mengalami 
penurunan dari 72,20 % menjadi 68,06 %. 

Tabel 12. Perbandingan prosentase hasil test Formatif. 
Standar Nilai Siklus I Siklus II 
Belum mencapai SKM    < 70 45.83 22.22
Mencapai SKM   ≥ 70 54.17 77.78
  100 % 100 % 

 
Gambar 5. Grafik Hasil Prosentase  Test Formatif 
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Hasil prosentase test formatif pada Siklus I dan II menunujukan perubahan yang signifikan ada 
peningkatan jumlah peserta didik  yang mencapai Standar ketuntasan Minimal meningkat dari 54, 17 % pada 
siklus I menjadi 77, 78 % pada siklus ke II. 

Tabel 13. Perbandingan Prosentase Hasil Penilaian Porto Folio. 
Kriteria Nilai SIKLUS I SIKLUS II
Sangat kurang 0 – 20
Kurang 21 – 40   
Cukup  41 – 60 4.17  
Baik 61 – 80 9.72 4.17 
Sangat Baik 81 - 100 86.11 95.83 
 100 100

 

 
Gambar 6. Grafik Perbandingan Nilai Porto Folio. 

Hasil perbandingan nilai Porto Folio kegiatan siklus I dan II menunjukkan perubahan yang sigfikan, pada siklus 
I ada tiga kelompok kategori Cukup. Baik dan Sangat Baik . pada siklus II menjadi kategori baik 4,17% dan 
sisanya 95,83 % dalam kategori sangat baik. 
 
Interpretasi Hasil Analisa. 

Siklus I atau Open lesson I  kegiatan di rancang menggunakan pendekatan Probem base learning yang 
yang sifat lebih terbuka , artinya bimbingan/ petunjuk kerja hanya mencapai kurang lebih 40 % dari seluruh 
kegiatan proses pembelajaran hasilnya diperoleh dari indikator keaktifan dan tingkat interktif peserta didik yang 
sangat aktif mencapai 33,333% dan 29,17 sedang pada Indikator kepuasan peserta didik  yang mencaai kategori 
sangat puas mencapai 72,20%. Untuk Indikator hasil Test pesrta didik yang mencapai standar ketuntasan 
minimal mencapai 54,17 % dan hasil porto Folio yang mencapai kategori sangat baik mencapai 86,11 %. 

Pada Siklus II atau Open Lesson II  rancangan dilakukan perbaikan tetap menggunakan problem base 
learning yang sifatnya ada penambahan bimbingan dalam bentuk pemutaran slide ekosistem yang ada di 
dunia sebaia tayangan pembanding  yang sifatnya memperkuat konsep.Perbaikan lembar kerja yang lebih 
memberi ruang pada peserta didik untuk mengunkapkan pendapat/ ideanya.  Hasil dari kegoiatan open 
lesson II ternyata hamper semua indikator mengalami perubahan peningkatan  yang signifikan . Indikator 
Keaktifan dan Interktif peserta didik yang mencapai kategori sangat aktif pada siklus I mencapai 33,33 
dan 29,17 mengalami kenaikan menjadi  59,72 dan 59,82 %, Tingkat kepuasan peserta didik yang 
mencapai kategori sangat puas mencapai 72,20 pada siklus I  mengalami penurunan menjadi  68,06 %. 
Hasil test Formatif peserta didik yang mencapai standar ketuntasan minimal pada siklus I mencapai 54,17 
mengalami kenaikan menjadi  77,78 % . hasil penilaian Porto Folio yang mencapai nilaia Sangat Baik 
siklus I  mencapai 86,11 mengalami kenaikan menjadi 95,83 %.  Hasil kegiatan Lesson Study dapat 
digambarkan dalam table dan grafik sebagai berikut. 
Tabel 4. 14. Prosentase Hasil Kegiatan Lesson Study. 

 
No 

 
Indikator 

Prosentase Keberhasilan 
Siklus I Siklus II 

1 Keaktivan 33,33 59,72 
2 Interaksi 29,17 59,82 
3 Kepuasan 72,20 68,06 
4 Hasil test/ketercapaian SKM 54,17 77,78 
5 Nilai Porto Polio 86,11 95,83
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Gambar 7. Grafik Ketercapaian Indikator efektivitas pada  proses pembelajaran 

yang dilakukan pada dua siklus. 
 
Kesimpulan. 
Berdasarkan hasil analisis dan pembahasannya dalam penelitian ini sehingga dapat ditarik kesimpulan sebagai 
berikut : 
1. Lesson study dapat merupakan cara yang efektif untuk mengevaluasi suatu proses pembelajaran dan 

merencanakan kembali sehingga menghasilkan suatu proses pembelajaran yang efektif. 
2. Melalui Lesson Study dengan pendekatan Problem Base Learning di kelas X MIA SMA Negeri 88 

Jakarta mampu meningkatkan partisipasiaktif peserta didik dalam proses pembelajaran. 
3. Proses pembelajaran yang menyenangkan / memberi kepuasan pada peserta didik di kelas X MIA SMA 

Negeri 88 Jakarta memungkinkan untuk memperoleh hasil belajar yang lebih optimal. 
4. Hasil  pelaksanaan Lesson study di kelas X MIA SMA Negeri 88 Jakarta mampu meningkatkan tingkat 

pemahaman peserta didik. 
5. Efektivitas proses pembelajaran Biologi , dengan indikator aktivitas peserta didik , interaksi peserta didik 

dalam proses pembelajaran, kepuasan peserta didik , hasil test formatif dan nilai porto poloio pada materi 
Ekosistem dapat di tingkatkan memalui Implementasi Lesson Study dengan pendekatan probem Base 
learning. 

 
Saran  
Saran yang dikemukakan dalam tulisan ini adalah : 
1. Tantangan bagi guru bagaimana berinovasi dan berkreasi dalam menyusun suatu model pembelajaran 

agar tidak membosankan baik bagi peserta didik maupun guru itu sendiri.  
2. Bagi guru matapelajaran Biologi Pendekatan Problem Base Learning merupakan salah satu  alternatif 

yang dapat digunkan untuk menyampaikan materi dalam Kompetensi Dasar Pelajaran Biologi. 
3. Lesson study berbasis MGMP maupun  Sekolah  merupakan salah satu alternatif pengembangan diri bagi 

guru- guru tanpa harus meninggalkan sekolah. 
4. Kepada para penyelenggara Pendidikan diharapkan dapat mengupayakan kondisi yang mampu 

memotivasi guru untuk berinovasi dan berkreasi dalam proses penyusunan dan pelaksanaan pembelajaran 
guna mencapai tujuan pembelajaran yang maksimal. 
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Abstract: MCL Math Mobile is mobile application that integrated MCL with e-Learning website. This 
application is useful in lecture and to optimize the use of mcl website. This application have some additional 
features, such as notification, upload and download materials on the phone, and also have forum discussion as 
well. Creating this app, requires some tool such as phonegap. Begins with taking the API and databases that 
have been obtained from Moodle to store data such as user information or data content. Furthermore, API that 
had been provided by moodle packed in phonegap library. The changes that have been made are stored in 
github to facilitate developer to improve the application. Thus, produced an android based applications. 
 
Keywords: MCL, Moodle, Phonegap, Mobile Application 
 
Abstrak: MCL Math Mobile adalah aplikasi smartphone yang berintegrasi dengan website e-Learning MCL. 
Aplikasi ini berguna untuk memudahkan user dalam proses perkuliahan dan mengoptimalkan penggnaan website 
MCL. Aplikasi ini mempunyai fitur permberitahuan, mengunggah dan mengunduh material via telepon genggam 
dan juga forum diskusi. Dalam pembuatan aplikasi ini membutuhkan beberapa tools, salah satunya adalah 
phonegap. Dimulai dengan mengambil API yang disediakan moodle serta database yang telah didapat dari 
moodle untuk menyimpan data – data seperti informasi pengguna maupun data konten. Selanjutnya API moodle 
dikemas dalam library dalam phonegap. Hasil perubahan yang telah dibuat disimpan dalam github untuk 
memudahkan para peneliti memperbaiki aplikasi. Sehingga dihasilkan sebuah aplikasi berbasis android. 
 
Kata kunci: Aplikasi mobile, MCL, Moodle, Phonegap. 
 
 
PENDAHULUAN 
 
 Kata pembelajaran digunakan untuk menunjukkan usaha pendidikan yang dilaksanakan secara sengaja 
dengan tujuan yang telah ditetapkan terlebih dahulu, sebelum proses dilaksanakan, serta yang pelaksanaannya 
terkendali. Dengan perkembangan teknologi informasi dan komunikasi saat ini, pembelajaran mau tidak mau 
harus terintegrasi dengan web. Hal ini dilakukan untuk mengembangkan kemampuan berfikir tingkat tinggi 
siswa, disamping itu pengintegrasian ini akan mengembangkan keterampilan siswa dalam bidang teknologi 
informasi dan komunikasi (ICT literacy) (Nugroho & Fikri). 
 Miarso [2] mengemukakan bahwa perkembangan teknologi informasi dan komunikasi (TIK) telah 
memberikan berbagai kemungkinan untuk peningkatan mutu pendidikan, yaitu antara lain untuk: (1) peningkatan 
akses untuk memperoleh informasi dari mana saja, siapa saja, kapan saja, dan apa saja, (2) peningkatan 
efektivitas komunikasi dengan berbagai bentuk rangsangan indera, (3) peningkatan relevansi dengan kebutuhan 
yang semakin banyak dan beragam, (4) penyesuaian dengan kondisi lingkungan yang berubah, dan (5) 
peningkatan efisiensi dengan menghemat waktu, tenaga,dan biaya (Nugroho & Fikri). 
 Dalam proses belajar mengajar, pengajar mengembangkan kiat tertentu agar materi yang disampaikan 
dapat diterima dengan baik. Salah satu cara yang digunakan adalah menggunakan media sebagai alat bantu 
dalam proses belajar mengajar. Media dapat menyajikan pesan serta merangsang siswa untuk belajar. Seiring 
dengan perkembangannya, teknologi informasi dan komunikasi juga membawa dampak pada wujud dan ragam 
media yang digunakan, salah satunya adalah media komunikasi berbasis web (Nugroho & Fikri). Media 
komunikasi berbasis web inipun dikembangkan lagi menjadi sebuah media komunikasi berbasis aplikasi mobile.
 Aplikasi mobile adalah aplikasi yang dikembangkan untuk perangkat genggam kecil, seperti ponsel, 
smartphone, PDA dan sebagainya. Aplikasi mobile bisa datang preloaded pada perangkat genggam serta dapat 
didownload oleh pengguna dari aplikasi toko atau Internet. Anda dapat menemukan aplikasi mobile pada kedua 
ponsel fitur dan smartphone. Platform smartphone paling populer yang mendukung aplikasi mobile adalah 
Windows Mobile, Android, Symbian, Java ME dan Palm (Viswanathan, n.d.).  
 M-learning atau mobile learning diartikan “sebagai belajar dari berbagai konteks, melalui interaksi 
sosial, menggunakan perangkat elektronik pribadi”. M-learner dapat menggunakan perangkat mobile edukasi di 
banyak lokasi sesuai kenyamanan dan kebutuhan mereka. Teknologi M-learning termasuk komputer genggam, 
MP3 player, notebook, ponsel dan tablet. M-learning berfokus pada mobilitas pelajar, berinteraksi dengan 
teknologi portabel. Menggunakan alat mobile untuk menciptakan alat bantu belajar dan materi menjadi bagian 
penting dari pembelajaran informal. M-learning mudah karena dapat diakses dari mana saja. Sharing cepat 
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dilakukan di antara para pengguna yang menggunakan konten yang sama, yang mengarah ke penerimaan umpan 
balik dan tips yang instan. Proses ini telah terbukti untuk meningkatkan nilai ujian dari persentil kelima puluh 
sampai persentil ketujuh puluh, dan memotong angka putus sekolah di bidang teknis sebesar 22 persen. M-
learning juga membawa portabilitas yang kuat dengan mengganti buku dan catatan dengan perangkat kecil. 
 

PEMBAHASAN 
  

Metode pengembangan aplikasi MCL Mobile ini mengikuti model waterfall. Model Pengembangan 
Waterfall terdiri atas 5 tahap utama yaitu: Requirement definition, System and software design, 
Implementation and system testing, Integration and system testing, dan Operation and maintenance. 
 

a. Requirement (Analisis Kebutuhan)  
 

Multi Channel Learning Jurusan Matematika Universitas Negeri Jakarta ini merupakan website 
e-Learning resmi yang sangat berguna. Banyak manfaat yang didapatkan dalam penggunaan website 
MCL baik bagi mahasiswa maupun dosen. 
Namun, sangat disayangkan bahwa pada kenyataannya, website ini belum sepenuhnya dimanfaatkan 
oleh para pengajar maupun mahasiswa. Padahal website ini sangatlah bermanfaat jika digunakan secara 
maksimal. Website MCL juga dapat mengurangi potensi mahasiswa lupa mengerjakan tugas.  

Untuk mengupayakan penggunaan website yang optimal dikembangkanlah sebuah mobile 
application MCL. Pengembangan website MCL ini dilakukan karena keterbatasan website itu sendiri. 
Pengguna tidak dapat mengetahui ketika pengajar atau dosen menggunggah sebuah tugas atau materi 
baru jika pengguna tidak membuka atau mengakses website tersebut. 

 
b. Design (Perancangan) 

 
i. Diagram Alur 

 

 
 

Gambar 1. Diagram Alur Aplikasi MCL Mobile 
ii. Desain Awal Sistem 

 
Desain awal dari sistem yang akan dibuat melalui penelitian ini dikembangkan dari analisis kebutuhan, 
menggunakan situs web bernama draw.io 
 Tampilan Screen Splash, saat aplikasi MCL Mobile dijalankan. Tampilan ini akan muncul pertama kali 

begitu pengguna membuka aplikasi MCL mobile. 
 User dari aplikasi ini adalah Admin (Staf Jurusan), Dosen, dan Mahasiswa. Untuk menggunakan 

aplikasi ini, user di haruskan login terlebih dahulu dengan memasukkan username dan password. 
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Gambar 2. Desain Awal Sistem Menu Login Aplikasi MCL Mobile 

 
 Di sisi mahasiswa, setelah login, akan muncul Menu Bar untuk melihat Courses. Dimana Mahasiswa 

dapat mengunduh Tugas dan Materi perkuliahan yang di unggah oleh Dosen Jurusan Matematika. 
Berdiskusi dalam forum dengan User lain. Serta mengunggah Tugas yang telah diselesaikan. 

 Di sisi Dosen, konten Courses digunakan untuk mengunggah Materi dan Tugas yang telah diberikan 
batas waktu pengumpulan, mengunduh Tugas yang telah dikerjakan Mahasiswa. Berdiskusi dalam 
forum dengan user lain, serta memberikan nilai kepada Mahasiswa. 
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 Pada sisi Admin, konten Menu Bar dapat di ubah dan di sesuaikan dengan keperluan yang di butuhkan 
oleh Jurusan. Seperti menambah Courses (Mata Kuliah), serta memberikan pengumuman yang 

berhubungan dengan perkuliahan.  
Gambar 3. Desain Awal Sistem Menu Utama Aplikasi MCL Mobile 

 
c. Coding & Testing 

 
Coding dimulai dengan mengambil API yang telah disediakan oleh moddle, kemudian melakukan 

coding dengan menggunakan beberapa bahasa pemrograman. Database telah didapat dari moodle untuk 
menyimpan data – data seperti informasi pengguna, data konten-konten seperti nama mata kuliah, tugas-
tugas mahasiswa, nilai mahasiswa, dan lain sebagainya. 

Tahap selanjutnya, peneliti mulai membuat aplikasi dengan menggunakan API yang telah 
disediakan moodle. API moodle dikemas dalam library dalam phonegap. Kemudian untuk setiap halaman 
dalam aplikasi menggunakan HTML, CSS, javascript, dan jquery. Source code yang kami buat disimpan di 
github untuk memudahkan penyimpanan dan perubahan yang telah dibuat. Halaman login adalah fitur 
pertama yang dibuat pada aplikasi ini.  
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Gambar 4. Tampilan Login Yang Dibuat 
 
Peneliti membuat sebuah Akun serta User Interface yang diperuntukkan untuk Administrator. 

Kemudian untuk user Dosen dan Mahasiswa akan dibuatkan oleh Administrator terlebih dahulu, setelah itu 
Dosen dan Mahasiswa mendapatkan username dan password. Dalam aplikasi ini, Administrator dapat 
membuat user, menambah mata kuliah, berita dan pengumuman, dan kegiatan yang hanya dapat dilakukan 
oleh Administrator. Dosen dapat menambah Mata kuliah, memasukkan nilai, menambah materi mata 
kuliah, memasukkan tugas dan kuis, dan berdiskusi di forum. Sedangkan Mahasiswa dapat mengambil 
materi dan soal tugas dan kuis yang telah diupload oleh Dosen, melihat nilai, berdiskusi di forum.      

Hal pertama yang harus dilakukan adalah menginstall (memasang) beberapa tools untuk 
mendukung proses coding ini seperti node.js, phonegap, cordova, ionic, dan juga github. Sebelumnya 
moodle sudah menyediakan API untuk dapat digunakan pada versi mobile, sehingga kami perlu 
mempelajari terlebih dahulu API tersebut sebelum memulai coding. Setelah sedikit memahami API 
tersebut, kami mulai melakukan coding dengan menggunakan bahasa HTML, CSS, dan Javascript. Selain 
itu kami juga menggunakan Jquery dalam coding ini. Untuk mempermudah mendesain aplikasi mobile ini, 
kami menggunakan Adobe Dreamweaver. 

Tahap selanjutnya kami membuat halaman login, konten, dan halaman lainnya untuk kemudian 
menjadi template sementara aplikasi MCL mobile. Selanjutnya kami mendesain ulang warna, logo, dan 
splash screen agar lebih menarik. Kami menggunakan warna-warna utama dan netral seperti biru dan putih 
karena lebih nyaman untuk dipandang. Dalam pengetesan aplikasi, kami menggunakan alamat MCL 
dummy, yaitu website dengan CMS moodle yang masih kosong. Tahap coding ini selalu dibarengi dengan 
debugging (pengetesan). Setiap perubahan yang telah kami buat, kami selalu melakukan “trial and error” 
dengan tujuan agar kami dapat langsung memperbaiki kesalahan dan error yang terlihat jelas. Source code 
yang kami buat dan ubah selanjutnya diunggah ke github, gunanya agar anggota peneliti lain lebih mudah 
saat memperbarui dan mengetahui perubahan apa saja yang terjadi pada beberapa bagian source code. 

Untuk emulasi, kami menggunakan 2 cara yaitu secara direct dengan Android Studio (pengganti 
Eclipse) dan dengan meng-compile ulang via builder phonegap online yang nantinya menghasilkan “.apk” 
dari source code MCL Math Mobile. Alasan kami memilih builder phonegap untuk meng-compile karena 
lebih efisien dimana builder akan langsung menghasilkan keluaran berupa “.apk”. Sehingga kami lebih 
banyak menggunakan builder/compiler online ini. Hasil keluaran “.apk” ini pun dapat langsung kami 
gunakan pada device penelitian ini. 
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i. Pengembangan Draft-1 
 

Berikut merupakan tampilan akhir draft-1 dari Aplikasi MCL Mobile: 
 

TAMPILAN LAYAR KETERANGAN 

1. Tampilan Splash Screen 
2. Tampilan splash screen ini mempunyai latar 

warna cerah dengan logo divisi Apps by Default 
(Nama club research kami yang merupakan 
developer MCL Mobile). 

3. Juga terdapat icon MCL Mobile berbentuk bulat 
dengan latar warna biru di tengah tampilan layar. 

1. Tampilan Log-in User 
2. Tampilan Log-in User berlatar warna biru tua 

senada dengan tampilan splash screen di awal 
tampilan aplikasi MCL Mobile. User atau 
pengguna diwajibkan menginput username dan 
password pribadi mereka untuk mencapai 
halaman menu utama pada aplikasi MCL Mobile. 
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1. Tampilan Menu Utama 
2. Terdapat beberapa pilihan menu yang dapat user 

lakukan, seperti: 
 Upload: Mengunggah tugas 
 Calendar Event: Mengetahui acara Jurusan 

Matematika, UNJ 
 Courses: Melihat mata kuliah yang 

ditempuh 
 Website: Menuju website MCL 

http://fmipa.unj.ac.id/elearning/mcl  
 Help: Memberikan petunjuk untuk 

membantu user menggunakan aplikasi 
MCL Mobile 

 Setting: Mengatur tampilan pada MCL 
Mobile 

 Logout: Keluar dari akun pribadi pengguna 

1. Tampilan Menu Course 
2. Menu Course merupakan tampilan daftar mata 

kuliah yang sedang ditempuh oleh pengguna 
3. Sebelumnya, pengguna harus me-enroll akun 

pribadi mereka ke dalam mata kuliah yang ingin 
ditempuh, sehingga mata kuliah yang dipilih bisa 
berada dalam list My Course seperti pada 
tampilan layar berikut 

4. Juga terdapat Front Page yang menuju halaman 
menu utama MCL 
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1. Tampilan konten pada course 
2. Konten pada course akan segera muncul untuk 

mata kuliah yang telah anda pilih 
3. Terdapat isi seperti tugas dari dosen, materi dan 

news forum dari suatu mata kuliah. Disajikan 
dalam list yang diurutkan perminggu sampai 
menjelang Ujian Akhir Semester 

1. Tampilan Notifications atau pemberitahuan 
2. Notifications atau pemberitahuan ini merupakan 

satu kelebihan yang ada pada aplikasi MCL 
Mobile yang tidak terdapat pada website MCL. 

3. Notifications ini memberitahukan pengguna akan 
berita penting seperti adanya tugas baru 
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1. Tampilan Logout user 
2. Menampilkan tampilan saat user keluar dari akun 

pribadi miliknya 

ii. Pengembangan Draft-2 
 

Setelah draft-1 dihasilkan, peneliti menguji draft tersebut kepada ahli dengan instrumen uji 
kelayakan aplikasi yang telah dipersiapkan. Didapatkan hasil sebagaimana terlampir pada lampiran 2 yang 
dapat disimpulkan aplikasi MCL Mobile Jurusan Matematika ini dapat dikembangkan dengan beberapa 
catatan dan perubahan untuk menunjang berjalan baiknya aplikasi ini. Perubahan yang disarankan oleh ahli 
adalah sebagai berikut: pada menu upload, pengguna dapat langsung memilih file yang akan diunggah. 
Pada menu about, peneliti menambahkan nama-nama yang ikut mengembangkan aplikasi ini. 

Berikut adalah perubahan yang dilakukan peneliti sesuai dengan hasil dan saran yang terdapat pada 
hasil uji ahli tersebut yang kemudian menjadi Draft-2. 
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TAMPILAN LAYAR KETERANGAN 

1. Tampilan Menu Courses 
 

1. Tampilan isi dari Submenu contents 

1. Tampilan mengunggah file 
2. Konten mengunggah file ini pengguna dapat 

langsung memilih file yang akan diunggah 
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1. Tampilan unggah file  
2. Akses ini akan redirect pada file explorer 

handphone 

1. Tampilan About  
2. Berisi nama aplikasi dan team developer 

aplikasi. 

1. Submenu News forum atau forum diskusi 
pada. 

2. News forum akan redirect ke website mcl. 
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iii. Pengembangan Draft-3 
 

Dari draft-2 yang dihasilkan, peneliti kembali menguji aplikasi tersebut dengan instrumen uji 
kelayakan aplikasi yang telah dipersiapkan untuk user dalam hal ini adalah mahasiswa. Peneliti menguji 
kelas kecil sebanyak 15 user dari mahasiswa Jurusan Matematika Universitas Negeri Jakarta. Setelah 
melakukan uji pengguna, didapatkan hasil berupa penilaian serta saran dan kritik mengenai aplikasi ini. 
Dengan menarik garis besar aplikasi ini dapat dilanjutkan dan digunakan di Jurusan Matematika. 
Mahasiswa menilai aplikasi MCL Mobile ini sudah baik dan efektif untuk menjadi fasilitas pendukung yang 
mempermudah kegiatan perkuliahan. 

Tidak ada perubahan yang dilakukan dalam pengembangan aplikasi ini, karena dari hasil uji 
pengguna menyimpulkan bahwa aplikasi ini sudah berjalan dengan baik dan tidak perlu perubahan yang 
signifikan. Tampilan aplikasi pada draft-3 sama dengan draft-2 seperti pada gambar sebelumnya. 

Setelah perbaikan yang dilakukan pada draft-2, menghasilkan draft-3 yang kemudian menjadi 
aplikasi tahap akhir karena dirasa sudah tidak ada kesalahan lagi berdasarkan hasil uji ahli dan hasil uji 
pengguna yang telah dilakukan. Draft-3 ini kemudian menjadi Aplikasi MCL Mobile Jurusan Matematika 
yang siap untuk digunakan dan dipasang di Jurusan Matematika sebagai fasilitas untuk mempermudah 
kegiatan perkuliahan di Jurusan Matematika. 

Aplikasi MCL Mobile Jurusan Matematika ini selanjutnya akan kami daftarkan di Google Play, 
untuk saat ini peneliti masih menunggu verifikasi permohonan tersebut. Untuk publikasi aplikasi ini, 
peneliti mengikuti Seminar Internasional “8th International Conference on Science Mathematics and 
Technology Education” pada hari Senin tanggal 23 November 2015 di Sari Pan Pacific Hotel, Jakarta. 
Seminar ini telah selesai dilaksanakan dan peneliti akan mengumpulkan jurnal pengembangan aplikasi 
MCL Mobile pada bulan Februari sesuai dengan waktu yang telah ditentukan. 
 

KESIMPULAN 
 
Pengembangan website Multi Channel Learning menjadi sebuah aplikasi MCL Mobile berjalan sesuai 

dengan rencana. Proses pengembangan penelitian ini sampai pada draft-3 yang kemudian menjadi aplikasi akhir 
MCL Mobile yang dapat digunakan di Jurusan Matematika sebagai sebuah aplikasi yang menjadi fasilitas bagi 
dosen dan mahasiswa untuk mempermudah dan memperlancar kegiatan perkuliahan. 

Hasil uji ahli dan uji pengguna menunjukkan bahwa aplikasi ini mendapatkan penilaian yang cukup 
baik dan dapat dikembangkan serta digunakan di Jurusan Matematika Universitas Negeri Jakarta. Aplikasi ini 
diharapkan akan terus berkembang dan digunakan secara aktif oleh para dosen dan mahasiswa. 
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