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PREFACE 

Praise be to Allah SWT for all the blessings and guidance given to us all, so 

that the program book of the International Seminar on Science Education (ISSE) 

2015 bringing about Harmonization of Science, Technology, and Society (STS) in 

Science Learning in the 21st Century held on 31 October 2015 in the Rectorate Hall, 

Yogyakarta State University can be completed. This book comprises a number of 

abstracts presented in the seminar, written by lecturers and students from 

Yogyakarta State University and other universities.  

We owe many parties for the success of the seminar. Therefore, we would like 

to sincerely extend our gratitude to: 

1. Rector of Yogyakarta State University, Prof. Dr. Rochmat Wahab, M.Pd., 

M.A. for facilitating all the activities of the International Seminar on Science 

Education (ISSE) 2015; 

2. Director of Graduate School of Yogyakarta State University,  Prof. Dr. 

Zuhdan Kun Prasetyo, M.Ed. for providing all the facilities of the 

International Seminar on Science Education (ISSE) 2015; 

3. the invited speakers for their willingness to share thoughts and insights on 

science teaching and learning in the seminar; 

4. all committee members for the time, effort, and thoughts for the success of 

this activity; and 

5. all presenters and participants who have come a long way to contribute to the 

success of the seminar. 

However, we realize that there are some imperfections in this book and in the 

seminar. Thus, suggestions and constructive criticism are very much welcome. 

Finally, we do hope that this book can bring some contributions to learning of 

science in the 21st century. 

 

Yogyakarta, 31 October 2015 

Chairperson 

 

 

Dr.rer.nat. Senam 
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Abstract 

Science learning in Indonesia shows various weaknesses. It is still not 

meaningful for students, just emphasis on the cognitive aspect. McCormack & 

Yager (1989) developed a taxonomy of science education in the five domains that 

can answer all aspects of science learning, that includes knowledge, process of 

science, creativity, attitudinal, and application and connections domain 

(McCormack, 1995: 24). The five science domain is the development of Bloom's 

Taxonomy that has three domains of learning. By developing of these five 

domains, the students will get more meaningful science learning and expected to 

improve student learning outcomes. 

The regulatory system in the Republic of Indonesia has provided a great 

opportunity for each teacher to integrate local wisdom into the learning. But, 

reality on school, local wisdom integration into learning are still having some 

problems. The main problem to integrate local wisdom in learning is the teacher 

does not understand how the right way to integrate local wisdom in the learning 

process.  

The integration of local wisdom in science learning can be applied by 

using 10 ways of Fogarty’s integration. This paper describes the integration of 

local wisdom in science learning. By science domain based learning that 

integrates local wisdom is expected to improve student’s science process skills 

and scientific attitudes.  

 

Keywords: Science Domain, Integrated Science Learning, Local Wisdom, 

Science Process Skills, Scientific Attitudes. 

 

INTRODUCTION 

Implementation of learning science in Indonesia still shows weaknesses. Suastra 

(2005) stated that most (90%) the purpose of learning science in schools directed at 

achieving knowledge of science (science product) and the remainder is directed at the 

development of science process skills, scientific attitudes, and values. This condition 

indicates that learning science is still not meaningful to learners. Learning science is still 

focused on the cognitive aspects, even then it is still a collection of formulas and concept 
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memorization only. Learners do not understand the facts, concepts, principles, laws and 

theories they learn in science. In addition, the learning objectives in the aspect of the 

scientific process skills and attitude it is still not optimal in science learning. This is also 

confirmed by Collette & Chiapetta (1994: 441) states that the majority of learning science 

at school only emphasizes the cognitive goals by ignoring affective objectives associated 

with attitudes, interests, and values. 

Science was originally seen as knowledge about the universe that accumulated through 

the historical record. Then came the attention towards the process of science, that is the 

various skills required to find new knowledge. From this we then to understand the nature 

of science as a content  and process. McCormack & Yager (1989) developed a new 

taxonomy of science education in the five domains assessed could answer all aspects of the 

science of learning, that includes knowledge, process of science, creativity, attitudinal, and 

application and domain connections (McCormack, 1995: 24). Five of this domain is the 

development of Bloom's Taxonomy that has three domains of learning. With the 

development of these five domains, the learners will get learning science more meaningful 

and is expected to help improve student learning outcomes. 

The regulatory system in the Republic of Indonesia has provided a great opportunity 

for each teacher to integrate local wisdom into the learning. But, reality on the school, local 

wisdom integration into learning are still having some problems. The main obstacle to the 

integration of local wisdom in learning is the teacher does not understand how the right 

way to integrate environmental wisdom in the learning process (Alexon, 2010). 

Additionally, Suratsih (2010) revealed several factors that lead to teachers not exploit local 

wisdom in learning is so many task of teachers, there is no model that can be adapted, 

facilities, funding, and time. Based on this conditions, it is necessary to develop a science 

based domain learning integrated local wisdom to improve the scientific process skills and 

attitudes of learners. 

 

DISCUSSION 

A. Science Domain 

Prasetyo (2013) states that learning, including learning of science, based on Bloom's 

taxonomy of three domains, namely cognitive, affective and psychomotor. In practice, 

based on Bloom's taxonomy of learning was not balanced and holistic are generally only 

focuses on the goals of cognitive and neglect affective purposes. As a result, learning takes 

place: 1. unpleasant, causing a negative attitude towards science subjects; 2. passive, 

dominated by the teacher lectures;. 3. monotonous, does not allow the development of 
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creativity; and 4. ineffective, the amount of time provided has not been utilized for 

achieving maximal competence of learners. 

McCormack & Yager (1989) developed a taxonomy of science education in the five 

domains assessed could answer all aspects of the science of learning, namely knowledge, 

process of science, creativity, attitudinal, and application and domain connections 

(McCormack, 1995: 24). Five of this domain is the development of Bloom's Taxonomy that 

has three domains of learning. With the development of these five domains, the learners 

will get learning science more meaningful and is expected to help improve student learning 

outcomes. The curriculum developers can use this taxonomy as a blueprint in the direction 

of the development of science education program. Developers taxonomy of science 

education is looked at (McCormack, 1995: 24): 

Five domains of science education roomates are all important as we work toward 

helping all students attain a scientific literacy needed for living in our current society-

and one needed if we are to resolve the current problems thereby producing a better 

future. 

Five domains in the taxonomy of science education that all important in helping 

learners achieve scientific literacy  is needed in the life of today's society and is needed to 

resolve the current problems by realizing a better future. 

B. Local Wisdom 

Local wisdom is the potential of natural resources, human resources potential, 

geographical, cultural and historical owned by a local (Mumpuni, 2013). Local wisdom 

into a product or service that is valuable and can increase local income. Usually the local 

wisdom is unique and become a competitive advantage to an area. According to Prasetyo 

(2013) the local wisdom is a hallmark of the region that includes the economic, cultural, 

information and communication technology and ecological development of the wisdom of 

the region. Aspects of local wisdom development include natural resources, human 

resources, geographical, cultural and historical. 

Local wisdom is the potential of a region, such as natural resources, human resources 

potential, geographical, economic, cultural, ecological and historical that are characteristic 

of the area. Examples of local wisdoms that can be integrated in learning is the beach, the 

mountains, fields, forests, and household industries. 

C. Science Process Skills 

Science is related to how to find out about a nature systematically, so that science is 
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not just a collection of knowledge, but also a discovery process. Many experts explain the 

definition of the process and science process skills. In learning science, teacher should 

present science learning through a process of research and inquiry. Learning science can 

not be served only by transfer of knowledge without developing thinking processes and 

process skills of the learners. Lack of laboratory facilities and the length of time of 

preparation for lab work often becomes a reason not developed science process skills. This 

condition indicates the persistence of the view that the process skills approach only served 

on learning through practical or experiment only. 

Science process skills according Chiappetta (1997: 24): 

These skills focus on thinking patterns that scientists use to construct knowledge, 

represent ideas, and Communicate information. Science process skills help students 

pose questions, state problems, make observations, classify the data, construct 

inferences, form hypotheses, Communicate findings, and conduct experiments. The 

acquisition and frequent use of Reviews These skills can better equip students to solve 

problems, learn on their own, and appreciate science. 

Collette & Chiappetta (1994: 89-90) states that the science process skills are skills 

used to develop the knowledge, represent ideas, and communicate information. Science 

process skills are divided into basic process skills (basic process skills) and process skills 

(integrated process skills). Basic process skills including observation (observing), 

classification (classifying), the use of the relationship of space and time (space / time 

relations), the use of numbers (using number), metering (measuring), inference (inferring) 

and prediction (predicting). Skills integrated process covering the operational definition 

(defining operationally), formulation of the model (formulating models), the control 

variable (controlling variables), data interpretation (interpreting data), hypothesis 

(hypothesizing), and experiments (experimenting). 

D. Scientific Atttudes 

Abruscato (1996: 2) states that the science is the knowledge gathered through a series 

of processes systematically to make discoveries about nature. This knowledge is 

characterized by the values and attitudes in the process of scientific discovery. Based on 

this understanding, Abruscato (1996: 2-5) looked science from three dimensions: a. science 

as a process; b. science as knowledge; c. science as a value and scientific attitude. 

Planting scientific attitude and the development of problem solving skills are the two 

main objectives in learning science (Dani, 1989: 1). Now, science learning is not directed 

towards these two objectives, so that weak learners in the skills and scientific attitude. 

Thurber & Chollette (Dani, 1989: 1) states the importance of scientific attitude developed 
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from learners for learning science, such as the importance of skills and knowledge. 

Scientific attitude is able to determine the behavior of learners, not just when it is in the 

classroom, but when it is in every place. 

The purpose of the science curriculum is to prepare students who have the knowledge 

and skills in science and technology, and to make students able to solve their problems and 

make decisions in everyday life based on scientific attitudes and noble values. One of the 

targets to be achieved through the science curriculum is the practice and the internalization 

of scientific attitudes and noble values (Ministry of Education Malaysia, 2002: 10-11). 

Learning science can be used to inculcate scientific attitudes and noble values in self of 

learners. Various scientific attitude and noble values include: 1. curiosity; 2. honest and 

accurate in collecting data; 3. diligent and persevering; 4. responsible about the safety of 

oneself, others and the environment; 5. realize that science is a means to understand nature; 

6. appreciating and practising clean and healthy living; 7. appreciate the balance  of nature; 

8. being respectfull and well-mannered; 9. appreciating the contribution of science and 

technology; 10. being thankful to God; 11. having critical and analytical thinking; 12. being 

flexible and open-minded; 13. being kind-hearted and caring; 14. being objective; 15. being 

systematic; 16. being cooperative; 17. being  fair and just; 18. daring to try; 19. thinking 

rationally; and 20. being confident and independent (Ministry of Education Malaysia, 2002: 

10-11). 

E. Integrated Science Learning 

Integrated science teaching is an approach to learning that allows students either 

individually or in groups actively seek, explore, and discover concepts and principles in a 

holistic and authentic (Depdiknas, 1996: 1). Integrated science teaching is one model of 

curriculum implementation are recommended to be applied at all levels of education. 

Curriculum implementation model was developed in order to achieve basic competence. 

Trefil & Hazen (2010: viii) states that integrated science teaching emphasizes the 

science process, organizing principles, emphasizing the natural integration of knowledge 

of science and its application in everyday life. Learners who understand the nature of 

science and its applications will be able to realize a variety of basic principles in the science. 

Various concepts in science are used to explain the phenomena in everyday life. Teachers 

should try to instill the concept of this science in the learning experience of students every 

day through integrated science teaching. 

Fogarty (1991: xv) explains that there are 10 integrated learning models. The tenth 

way or the model are: a. fragmented, b. connected, c. nested, d. sequenced, e. shared, f. 

webbed, g. threaded, h. integrated, i. immersed, and j. networked. 
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One model of learning that can be used to integrate the local wisdom in learning is 

connected models. Model Connected is an integrated learning model membelajarkan a 

discipline in detail and focus on the ins and outs as well as the relationships between 

concepts within the disciplines (Fogarty, 1991: 13). Although each concept taught 

separately, Connected models present explicit relationship between each lesson, topics, 

concepts, skills, and events as shown in Figure 1. The material dibelajarkan by linking one 

concept to another, one subject with Another subject matter, and the skill with other skills 

in one discipline or subject matter. 

 

Figure 1 Overview Model Connected 

Fogarty (1991) states that the distinctive feature of the model is the presence of 

connected teachers' efforts to connect different concepts in an imu discipline, not just 

assume that learners are automatically understand the relationships between these concepts. 

Examples of the application of connected models that connect science teacher between 

geology and astronomy with emphasis on their respective fields of study. Similarly to other 

concepts, the teacher helps students make explicit the relationship between each of these 

concepts. 

Science learning that integrates local wisdom use connected models done by linking 

the concept to other explicitly, and associate with the local wisdom with the concepts being 

taught. For example, learning about body changes that integrates local wisdom industrial 

manufacture of sugar. The concept is linked in integrated science teaching include the 

nature of the substance, material changes, and separation of the mixture which is integrated 

with the local wisdom as depicted in Figure 2. 
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Figure 2 Local Wisdom Integrated Learning science with models Connected 

Connected integrated learning model implemented in three steps: 

1. Think Back: Re-Design 

Think back on unit, topic or concept in a discipline to be taught, then find the 

connections that connect them. 

2. Think ahead: Design. 

Think and try to connect ideas, topic or concept with the unit, topic or concept that you 

plan to teach this semester. 

3. Think Again: Refine 

Design or re-design of on unit, topic or concept that are logically connected to learning 

and learners 

 

Integrated science-based learning domain local wisdom is expected to make learning 

science more meaningful and give learners the nature of science and its application in 

everyday life. Thus, science process skills, and scientific attitude of students is expected to 

increase. 

 

CONCLUSION AND SUGGESTION 

Learning science in addition to developing the cognitive aspects should also develop 

science process skills and scientific attitude of learners, because the science is not just a 

collection of science, but also processes, attitudes and values. Integrated science-based 
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learning domain local wisdom is expected to make learning science more meaningful and 

give learners the nature of science and its application in everyday life. Thus, science process 

skills, and scientific attitude of students is expected to increase. 

Teachers as agents of change forefront of education is expected to integrate the local 

wisdom around the school in science learning. Thus, students have the science process 

skills, a curiosity and concern for the environment. 
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SCIENTIFIC INQUIRY BUILD THE  CHARACTER OF STUDENT IN 

SCIENCE LEARNING PROCESS ON 21ST CENTURY  

1Anggraini Irawadi,  2Gista Ratih Astatin  

Yogyakarta State University, Indonesia 

 

Abstract 

Education on 21st century  must be produce human resources which have high 

quality and competence. Human resources can be produce by good education. Good 

education not only deliver knowledge but also  can be practice the student to search and 

find their knowledge. One of  ways to make good education is apply sciencetific inquiry 

based learning. Scientific inquiry is central to the work of scientists and to science 

education in general. Scientific Inquiry also refers to the activities of students in which 

they develop knowledge and understanding of scientific ideas, as well as an understanding 

of how scientists study the natural world. 

In scientific inquiry the student must be (1) find out not be given the knowledge, (2) 

not only answering question from teacher but also can be asking information, (3) not only 

mechanical thinking but also analytic thingking, (4) able to cooperate and colaborate. 

Scientific inquiry consist of Engages in scientifically oriented question, gives priority 

evidence inresponding to question, formulates explanations from evidence, connects 

explanation to scientific knowledge, communicates and justifies explanation. 

 Scientific inquiry is on of  way to implementate character education in school 

because it can be give direct experience to student. Developing character through 

scientific inquiry based learning consist of (1) religious, (2) honest, (3) tolerance, (4) 

dicipline, (5) hard work, (6) creative, (7) independent, (8) democratic, (9) curoisity, (10) 

national of spirit, (11) love of motherland, , (12) appreciate the achievments, (13) 

communicative, (14) love peace, (15) diligently reading, (16) care environment, (17) 

social care and (18) responsiblity. Scientific inquiry based learning can be integrate 

character values in science learning intact because on scientific inquiry based learning 

not only assessing learning product but also assessing learning process that develop 

scientific attitude.   

 

Keyword : Scientific Inquiry, Character Education, Science Learning,  
 

INTRODUCTION 

21th century, education not enough just deliver the concept or knowledge from 

teacher to student to get graduate or get a job. People must has character to become 

competetive people and make this nation to be better than pass. Character education one of 

way to grow up and develop student character. Character education is instruction from 

Pancasila and head of UUD 1945 which is backgrounded by this reality of nation problem.  

Growing and development of character can do in all of community such as family, school 

and society.    

The educator have to can educate student of character to become people that can 

good compete with another else. Applying character education in student self will make 

their able choose good character and show up it in whereever they are.  Character education 

is student demand process, so their are become truely people which have character in the 
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mind, sense and body. Character is people disposition that stabel relatif, that high respect 

of ethic values such as appreciate, responsible, honest, honor, fair, and care. character 

connected with understanding, care, and performance of student in their social 

environment.  

Implementation of character education in school based on some of important 

reason are : 1) Right character are needed to become part of human soul, every humans 

must have  kind mind, pure heart and will be good quality such as have honest, emphaty, 

interest, discipline, diligent and have moral; 2) School is one of good and peace place to 

doing learning process and values lesson; 3) Character education very important to 

construct moral society. Some of value need to teach through character education (Licona, 

1991) are 1) honesty, 2) fairness, 3) tolerence, 4) prudence, 5) dicipline, 6) helpfulness, 7) 

compassion, 8) cooperation, 9) courage, 10) democratic. Character values are need 

developed through learning process in school.  

 Character education can doing in learning process with various way at school. 

Based on truth of science  and truth of science education, science learning at school can 

give significant contribute to developing student character. On the science learning, 

character education can doing with Scientific Inquiry. Using Scientific Inquiry as learning 

process has aim student able to active explore information about concepts biology. Start 

from identification and discover various science question, formulating hypotheses which 

possible become answer from their questions, collecting data from experiments or 

observing, analyzing of data, inferring and communicating this investigation. Using 

Scientific Inquiry in the science process learning,  teacher have to educate student character 

to become good human in this nation which can compete with another else. So, character 

education include three aspect in the school through natural habit.  

 

DISCUSSION 

Education character can means as effort pushed the student to grow and develop 

with thinking competence and consisten hold on to morality principles in their life and have 

bravery to right do, altough have lot of obstacle. The aim character education to form 

human have some characteristic, such as strong, competetive, glorious morals, have 

morality,  tolerance, cooperative, patriotic soul, dinamic develop, science and technology 

oriented which sources from believe and piety to God   based on Pancasila. Applying 

learning with character education in the school, the educator or teacher also contribute build 

this nation to be better. Character education can develop student base potential to be kind 

human, kind thinking, and kind attitude. Student has character values in  their self, so will 
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construct and support nation attitude which have multiculture and increased competetive 

nation culture in world relationship. (Kemendiknas, 2011).  

Character education programs can have profound effects on numerous problems 

that schools are facing today including increased drug/alcohol use, aggression, low school 

attendance, fights and suspensions, school shooting, sexual activity, vandalism, and low 

academic achievement (Berkowitz, 2005).   

Education to construct student character include developing substance, process, 

and environment that can pushed and easier people to develop good habit in the daily social 

life. Character is widely understood of moral undertanding, moral commitmen and 

emotion, and moral behaviour (Berkowitz, 2005). Character also inside-out, means the 

developing behavior become good habit, because pushed from inside, not because duress 

from outside.   

The succesfull to grow of the caharacter values on the this student based on 

consicouisness, beliefing, sensitivity and attitude depend on personal include teacher as 

educator, and student. Values has 18 to form  nation character, source from religion, 

Pancasila, culture, national demand and become aim from education character, there are 

(kemendikbud, 2011)  

1. Religious, means attitude and behavior that obey to do their religion, tolerance toward 

implementation another religion worship and peace live together with another 

religion’s people.  

2. Honest, is behavior based on effort become their self as people always believed on 

words, action and job.  

3. Tolerance is attitude and behavior that appreciate religion difference, ethnic group, 

ethnic, attitude and different behavior.  

4. Dicipline is showing action correct behavior and obey toward some of regulation  

5. Hard work is behavior that showing really effort to do activity, assigment.  

6. Creative is attitude and behavior which have inovation to solve their problem, so they 

always found best way to solve their problem. 

7. Self- supporting is attitude and behavior which not depend on another people to solve 

their assigment and problem.  

8. Democracy is attitude and think way to get same rightful authority and duty with 

another people.   

9. Curiousity is attitude and behavior to find out depper and far a something (knowledge) 

that their see, hear, touch and learn.   

10. Nation spirits is think way, act and preception’s to nation and country more important 
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than their self and group.  

11. Homeland’s love is attitude and behavior showing proud, loyal, care and highest 

awarding to language, culture, economy, politic and etc, so difficult to receive another 

country’s offer that can adverse their nation.  

12. Achievment appreciate is attitude towars achievment’s another people and receive their 

self lack without less spirits to achive better than past.   

13. Communicative is attitude and behavior toward another people through polite 

communication so create good cooperate.  

14. Peace love is attitude and behavior can make peaceful atmosphere, when they on the 

their community.  

15. Reading interest is truly show and give more time to read all of information to increase 

their knowledge and following new something in country or world  

16. Environment care is attitude and behavior that always to get to keep and everlasting 

their environment.  

17. Social care is attitude and behavior show care to another people and society.  

18. Responsibilities is attitude and behavior that always to try assigment with care more.  

Character education program can help student become competetive student, care 

with another people, responsibilities, and keep belief’s people when in the society 

community that have various character. Character education will create of student 

understand about good life and positive character who have every people.  

Character creating of student is teacher assigment as educator in the school. 

Teacher can integrate character education in the learning process. Lot of way can doing 

teacher to growing positive character of student in the school. Science learning can develop 

various positif character to student through science learning can integrate with scientific 

inquiry in the process learning. When teachers and students addres scientific and 

technology knowledge in the context of character education, they can experience the 

complexity of science and technology from a personal and social perspective, most 

importanly, they can participate in informed reflection about ethics (Berkowitz, 2001). 

Construct and development of student positive character through science learning 

can doing with integrate of Scientific Inquiry. The National Research Council  (NRC, 2000) 

defines scientific inquiry as the diverse ways in which scientict study the natural world and 

propose explanations based onthe evidence derived from their work. Scientific inquiry also 

refers to the activities through which steudent develop knowlede and undersrtanding of 

scientific ideas, as well as understanding of how the scientists study about natural world. 

Scientific inquiry base learning guide to search knowledge. The activity of 
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scientific inquiry base learning is trained and focus to develop positif character in their self 

and how to stand in the around of community or society. Student is also trained able to 

cooperate and communicate to construct a group study to develop holistic of positive 

character. It is help teacher as educator to grow their student’s character, because teacher 

can see the character that their student’s get in learning activity. This below is stage of 

scientific inquiry base learning (NRC, 200) :  

1. Engages in scientifically oriented question, in this stage, student try to see and give 

question about problem in their around. The problem are founded that can be finished 

with scientific. In this stage teacher also developing some of student character such as 

honest, hardwork, creative, self-supporting, curiousity, and responsibilities, because 

in this stage, the student must be found problem their self with their ability.   

2. Gives priority evidence inresponding to question, in this stage, the student is trained t 

make various answer from their problem that have be founded. Some of positif 

character can be develop are creative, curiosity, reading interest. To make hypothesis, 

student need reading of various source and innovate based on think their self, so 

hypothesis that their make is scientific.  

3. Formulates explanations from evidence, in this stage, student is trained design a 

experiment or observation to get scientific answer about problem that be founded, and 

prove the truth of hypothesis that be designed. Student is also trained to design and 

doing of experiment their self with read lot of refference as guiding. This stage need 

longest time, so they can develop lot of character. Almost all of character can be 

developed in this stage such as creative, self- supporting, nation spirits, love homeland, 

religius, curiousity, dicipline, responsibilities, cooperative, peace love, environment 

care, tolerance and social care.  

4. Connects explanation to scientific knowledge, this stage, student is trained to connect 

the experiment result with some of related refference with this problem. Some of 

character can be developed are honest, dicipline, creative, self-supporting, reading 

interest, curiousity, hardwork and cooperative.  

5. Communicates and justifies explanation, this stage student is trained to able 

communicate the result of experimen to the class. Student is trained speak in front of 

class to responsibilities their result experiment and can apreciate another student’s 

statement. In this stage some of character can be developed such as communicate, 

appreciate another achievment, tolerance, creative, peace love, national spirits and 

responsibilities.  

The process of scientific inquiry base learning will construct the student character 
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with continue. Start from developing character in knowledge stage, implementation stage 

until habit. Construct and develop character trough scientific inquiry base science learning 

not only at student’s cognitive domain but also must be continued until character velue’s 

in afective domainin in order to student have spirit to always using this character velue’s.   

 

CONCLUSION AND SUGGESTION 

Based on the discussions that have been described, it can be concluded that character 

education very important as one component of a national builder that can enhanced the 

intensity and quality at school with integrated the charahcter education aspects in learning 

process. Character education can be integrated in science learning with some learning 

models aor learning srtategies. One of all learning strategies that can integrated with 

character education is scientific inquiry. Scientific inquiry based learning can be guide the 

student to spourt up and develop the positive characters in their self by the scientific 

activities, because that can be train the student to found their knowledge by their self. 

 Based on the discussions that have been described, it can put the suggestions as 

follow: 

1. The science teacher must be integrated character education aspects in science 

learning and reduce the dominance of teacher to give the student opportunity to 

explore and develop the positive characters in their self. 

2. To integrated the character education and science learning, teacher need a learing 

strategies, it is scientific inquiry.  The science teachers have to understand about 

scientific inquiry based learning, so the government must give the teachers training 

about scientific inquiry based learning. 
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Abstract 

 One of the challenges of education today in facing the era of globalization 

is to integrate all the demands of the HR ( Human Resources ) into the 21st 

century learning activities. Digital literacy and global citizenship is one of the 

demands from Human Resources in 21st century. On one side, technological 

development  has not been optimalized on educational inovation. So, learning 

in this century must be develop from inovation and use of technology, this 

article aims to develop a learning  media which it known as Whatsapp 

aplication.Whatsapp known as a social media that had some features that  

accessible, compatible and easy to use. Moreover, its can to share data, texts, 

pictures, voices, and videos. So, whatsapp can be use as a effective learning 

media for students. This article explain about integrating whatsapp aplication 

for learning in 21st century that focus for the characteristic of digital literacy and 

global citizenship. Form of whatsapp integration in 21st century learning 

activites such as : reviewing learning materials, motivating, and daily assessing. 

Integrating of whatsapp aplication in learning activities give some facility for 

students in exploring knowledge trough informal and variatif discussion, 

encourages students to learn independent, give suplement materials and daily 

task, and improving students’ gadget and awareness as a learning media to 

answer 21st century demands. 

 

Keyword: integration, WhatsApp social media, learning science 

 

INTRODUCTION 

Globalization on 21st century has been effected toward development of sciences 

and education. There has been a significant shift over the last century from manufacturing 

to emphasizing information and knowledge services (Pacific Policy Research Center, 

2010). Thus, education may should reconstruct the paradigm of learning, especially 

learning science. One of the challenges of education today in facing the era of globalization 

is to integrate all the demands of the human resources into the 21st century learning 

activities. The North Central Regional Education Laboratory (NCREL) and The Metiri 

Grup (2003) identifies that frameworks of student competencies consist of four categories: 

digital literacy, inventional thinking, effective communication, and high productivity. So, 

learning science should implemented by in-depth inquiry, planning, and action to address 

specific topics related to 21st century competencies. 

On one side, technological development has not been optimalized on educational 



 

17 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

inovation. So, learning in this century must be develop from inovation and use of 

technology, this article aims to develop a learning media which it known as WhatsApp 

application. WhatsApp known as a social media that had some features that  accessible, 

compatible and easy to use. Moreover, its can to share data, texts, pictures, voices, and 

videos. So, WhatsApp can be use as a effective learning media for students. 

This article consists of discussion about learning science on 21st century, 

WhatsApp as social media application, integration of WhatsApp on learning science in 21st 

century, and its benefits and challenges. 

 

DISCUSSION 

Learning Science in 21st Century 

The meaning of term ‘sciences’ in this topic is natural sciences. However, science 

primarily mean knowledge. Afterward, it has been emerged into social sciences and natural 

sciences. Sciences as natural sciences is systematic and formulated knowledge dealing with 

material phenomena and based mainly on observation and induction (Fowler, 1951). Based 

on the definition, sciences is both processes and knowledge products which related to 

nature phenomenon. Sciences as process, is a certain way to question and answering about 

physics of universe (Trefil, 2010: 4), e.g posing hypothesis, designing and actuating 

experiment, evaluating and measuring data (Carin & Sund, 2005). This certain way can be 

said as scientific method. Meanwhile, sciences as knowledge products, is knowledge of 

nature phenomenon which expressed as facts, concepts, principles, and laws. Thus, learning 

science is a process to construct student’s knowledge which related to nature phenomenon 

through scientific method.  

Learning science is an actively learning process. Because learning science is 

something student to do, not something that is done to them (National Science Education 

Standard, 1996). So, learning science demands student to learn actively which implemented 

by physics and mental activities. Being active of learning science has two criteria, hands-

on and minds-on (NSES, 1996).  Process of learning science focuses on issuing direct 

experiences to develop science literacy which explore and understand of nature 

scientifically. Learning science aims to prepare student which have a body of knowledge, 

scientific literacy, thinking skills, strategy of thinking, and critical and creative thinking 

(Anna Poedjiadi, 2005). To reach the aims, learning science has characteristics as follows. 

1. Learning science engages most of senses, all of thinking process, and variation of 

muscle movement.  

2. Uses variation of techniques e.g observation, exploration, and experimentation.  
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3. May needs variaton of tools, especially to support observation. 

4. Engages scientific conferences, literature reviews, visits objects, arranges hypothesis, 

etc.  

Globalization on 21st century has been effected toward development of sciences 

and lives. Globalization in economics, increasing of divergent and interconnection of 

population, and rapidly develpoment of technology has occured challenges for individual 

and society to improve skills and knowledge. Pacific Policy Research Center (2010) states 

that there are literacies which may needed by 21st century students: civic literacy, global 

awareness, financial literacy, health literacy, visual literacy and environmental literacy. 

Then, The North Central Regional Education Laboratory (NCREL) and The Metiri Grup 

(2003) identifies that frameworks of student competencies consist of four categories: digital 

literacy, inventional thinking, effective communication, and high productivity. Thus, 

sciences as foundation of technology may need to improved its learning quality to prepare 

generation whose 21st century skill. Paradigm of 21st century learning sciences does not 

condition teacher as center of knowledge. But, students engaged to construct their 

knowledge autonomously through communication and colaboration to each others and their 

enviroment. In addition, 21st century learning science demand student to optimize the 

technology which support autonomous learning. Saavedra (2012) claims that for recent 

decades, research has been conducted the best way to teach sciences on 21st century, which 

known as science of learning. 21st century science of learning has characteristics: it is 

relevant with student lives, engage vary interdiscipliners, develop competency of both high 

order thinking and low order thinking simultaneously, encourage students to apply their 

knowledge, teach how to learn, clarify direct misunderstanding, understand that teamwork 

is an outocome and promotes learning, exploit technology to support learning, and foster 

student’s creativity. Pacific Policy Research Center (2010) states that 21st century 

competencies could implemented through problem based learning, project based learning 

and design based learning. 

 

WhatsApp as Social Media Application 

Communication between society around the world has been changes slowly due to 

social media, from simple communication using oral into written communication. The 

using of social media has give impact to society and other aspects of live, with the 

emergence of social media in every daily activity it probably can be integrated into the 

teaching learning activity.  

 Increasing of social media user day to day may be impact in the using of varry 
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teaching learning strategies that can be apply by teacher in the classroom. Because essential 

of teaching in the classroom is not only to teach but also transfer a knowledge and the main 

thing that important is teaching is an art to make students’ aware to learn, teacher must 

apply varry teaching learning strategy, because teaching is an art not science (Andrews, 

2007) and (Nunan, 1998) learners need to be acquainted with efficient learning strategies, 

with a view to assisting them to identify their own preferred ways of learning. So, the using 

of varry learning strategies involve students’ awareness and helping students in become 

autonomos learners. Nowadays, student is easy to become an autonomous learner due to 

using of gadget, the using of gadget and other social media in learning activity known as 

e-learning. (Honeyman &Miller, 1993) state that E-learning aims to deliverinstruction to 

students not present in the classroom. It provides access to learning resources when the 

instructor and students are separated by time, distance or both.  So e-learning is when 

students using gadget, PC, or tablet in assisting learning. In few years ago students’ 

knowledge just book centered nowadays it changes onto the e-book centered which it can 

be download from their smartphone or pc. 

According to Prensky (2001) suggests in his research entitled, “Digital natives, 

Digital immigrants” show that our students today are all of them is ‘native speakers’of the 

digital  language of computers, video games and the Internet. As a ‘native speakers’ of 

digital laguage students were so familiar with mobile learning application. There were few 

mobile learning that can be apply in teaching learning activity and changing the paradigm 

of learning activity in the classroom.  

1. Weblog. Webblog is website and blog which it are commonly using by teacher and 

students in creating communication in social networking. 

2. Wikis. It is website space where user can adding and editing of the content published 

e.g (Wikipeda) 

3. Facebook. It is social networking that allow number of students and teacher in creating 

discussion trough group and independent messages. 

4. Twitter. Twitter is a powerful tool for connecting with others and sharing content 

easily. 

5. WhatsApp. Is a cross-platform smartphone messenger that allow users’ existing  

Internet data plan to help them network socially in realtime. 

WhatsApp is an application that allow online user to receive and send message 

using internet provider, it also can be messaging in varry media such as, images, audio and 

videos.  (Olanof, 2012) claimed that  in August 2012 numbers of Whatsapp user were 10 

billion and it means that number of whatsapp users are huge and large, with huge number 
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of user means that application are easy to handle and operate by user. In some cases, 

students are motivate when the teacher using social media, social networking or mobile 

applications (Okereke, 2014). In educational is too old to using Short Messages Service 

(SMS) as learning media and its not compatible in recent day. WhatsApp allow students 

and teacher in creating group of class and share images, videos and audio in the class group 

created by teacher. Teacher also should make a guideline in using mobile application to 

make sure that discussion will run smooth. Guideline in using whatsapp as learning media 

can be define as follows : 

1. Students must show their identity clearly 

2. Students should to remember they are using media for educational purposes. So 

students can not share images, audio or videos were prohibited by teacher. 

3. Students should to keep their ethics. 

4. Teacher should divide time for teaching in real classroom and social media or mobile 

application. 

5. Teacher must give time limitation for giving feedback in mobile application. 

 

Integration of Whatsapp on Learning Science in 21st Century 

Indonesian education requires an approach, method or media that can transfer 

knowledge to students in the form of teaching materials based mobile learning called 

WhatsApp. Learning is a teaching materials used in teaching science that integrates 

learning media in the form of social media as a learning process. Science learning is a 

learning process that is active. Knowledge gained through the activities performed by the 

student, not a knowledge that has been there for them (the National Science Education 

Standards, 1996). Learning science requires students to active learning that is implied in 

the activities of physical or mental. Activeness in learning science lies in two aspects, 

namely the active act of physical or hands-on and active thought or minds-on (NSES, 

1996). The learning process of science emphasizes providing direct experiences to develop 

competency in order to explore and understand the universe around scientifically. Learning 

science aims to form students who have a stock of knowledge, scientific skills, thinking 

skills  and strategic thinking, and forming students who are able to think critically and 

creatively  (Anna Poedjiadi, 2005).  

Integrated learning model integrated (coherence) is an integrated learning model 

that uses the approach of fields of study. This integrated learning model combining several 

fields of study curriculum by setting priorities and find the skills, concepts and attitudes 

that overlap (overlapping) in some fields of study (Fogarty, 1991: 76). Integration of 
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science learning model is an integrated learning model that combines a number of topics, 

concepts, skills and attitudes of various subjects sal ing overlap. Topics, concepts, skills 

and attitudes are then linked in a single theme that covers a variety of subjects. Focus on 

the integration of a number of learning skills that want to be trained by a teacher to the 

students in a learning unit for the achievement of learning materials. Learn the skills 

Fogarty (1991: 77), including thinking skills, social skills, organizing skills. 

Learning science in the 21st century does not make the teacher as the central 

science, but students are involved to build on their own knowledge through communication 

and collaboration with other students and the wider environment. In addition, students are 

also required to optimize existing technology to support learning activities independently. 

Learning science (science of learning) of the 21st century have the following 

characteristics: relevant to students' lives, teaching involving different disciplines, improve 

the ability to think a high level at the same low level simultaneously, encouraging students 

to apply knowledge, to teach students how to learn independently, to explain the 

misunderstanding in directly, providing an understanding that cooperation is able to 

improve the understanding, optimizing technology to support learning and help students 

develop their creativity. Rapid technological progress now penetrated all corners. If the first 

technological advances synonymous with facilities owned by the city, but now that 

technological advances can easily be enjoyed by people in various parts of the village. This 

provides greater convenience to people's lives in all fields, one of which is the use of 

smartphones in the field of education.  

The presence of smartphones that can be bought easily become an alternative to 

the limitations of learning resources for teachers and students learning science-based 

Whatsapp is one way to help students learn anywhere and anytime that is capable of 

forming the character of the students to learn independently, provision of science, scientific 

skills, thinking skills and strategic thinking, and forming students who are able to think 

critically and creatively. Social media application that is currently widely used, among 

others, Whatsapp, which are widely used for personal and community communication. 

Personal communication via Whatsapp allows us to communicate individually with others, 

post pictures, videos, emoticons, website links, and others. Communication in the 

community through Whatsapp usually use the feature group. Through Whatsapp group we 

can communicate with many people. This feature is typically used by institutions, 

communities, and organizations to communicate, both formally for online meetings or 

simply greet each other and chat.  

The Integrated curricular models represents a cross-disciplinary approach to the 
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shared similiar models. The integrated model of blends the four major disciplines by setting 

curricular priorities in each and finding the overlapping skills, concepts, and attitudes in all 

four. (Fogarty, 1991: 76). At the middle school or secondary school, an integrated 

curriculum is conceived as an interdisciplinary team struglges with an overloaded 

curriculum. 

Benefits and Challenges 

Mutalib et.al (2010) stated that sciences offering some possibilty for conducted 

reaseacrh which it helps students to learn and interperate environment due to it was an 

effective tool for fulfill humans’ potention. Learning science taught by teacher focus in 

forming students to have an ability in thinking critically, actively and creatively. According 

to R. Gokul Raj. S. Nirmala Devi (2014) stated that learning science applied science 

process ability which it is an ability that facilitating in learning science, making students 

active, developing students’ responsibility in teaching learning acitivity, improving 

teaching learning and treating students as learners and scientist. Learning science habituate 

students to follow the step of experiment in sequence. Train students to think accurately for 

observing, arranging and decision making. Learning science  for students to preparing their 

knowledge about all of nature which it giving a meaning for future live. Learning science  

build students creativity and critical thinking that will be give benefit for students’ 

actualization to face their role in the complex future. 

Learning science through  mobile application whatsapp have challenges in their 

applications. These challenges include:  

1. Not all teachers and pupils have gadget so that not everyone can use learning science 

through whatsapp.  

2. Not all teachers and pupils can use or apply gadget well.  

3. The use of social media depends on the operators concerned. 

CONCLUSION AND SUGGESTION 

Integration of using social media and mobile application as learning media are 

involve to raising students motivation, although there were so many mobile application that 

can be use as learning media. One of mobile application that can applied by teacher is 

WhatsApp application, which it has some benefits build students creativity and critical 

thinking that will be give benefit for students’ actualization to face their role in the complex 

future. Teacher should make guideline in guiding students to make group discussion run 

smooth and one of the biggest challange in integrating WhatsApp as mobile learning is Not 

all teachers and pupils have gadget so that not everyone can use learning science through 

whatsapp. So, in integrating WhatsApp as mobile learning teacher should create a guideline 
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and know how to apply or use WhatsApp. 
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Abstract 

Science Technology Society (STS) approach is an approach that linking 

science learning, the development of technology and students daily experience. 

According to recent research,  STS approach is known to be able to provide 

students with various of skills includes four domains: ways of thinking, ways of 

working, tools for working and living in the world. Creative thinking skill is 

include in the ways of thinking that can be developed by science learning. 

Environmental pollution is a real problem of 21st century that needs attention from 

various parties. Students as the generation of 21st century are required to play an 

active role in preserving the environment by using technology and knowledge 

which obtained in school. One of the environmental conservation solution  can 

be used by students by applying the approach of STS. These approach can 

stimulate students to be creative on thinking to find out solution of environmental 

pollution.  

The aim of this study is to determine creative thinking skill’s students on 

solving environmental pollution problem through STS approach. Creative 

thinking skill’s students were measured based on the students’ problem solving 

capability on waste management. The method that is used in this research is study 

of literature that were supported by several experts opinions and relevant studies. 

This research is expected to provide creative idea and be a reference for 

teachers and the researchers in education department to develop creative thinking 

skill’s students through STS approach. Based on this skill will be born 21st 

century generation are responsive, creative and innovative to solve environmental 

conservation problem. 

Keyword: creative thinking skill, sts approach, waste management, enviromental 

conservation 
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INTRODUCTION 

Waste problems are problems in the early 21st century which be important cases to 

found solutions for the overcome. The increasing number of population according to the 

result of BPS (Badan Pusat Statistik) and the changing of society consumption patterns 

would be cause high waste from the result of social activity. The increasing of these society 

consumptive pattern impact on emergence the various industries that meet the needs of 

society, such as industry of textile and medicine. Whereas, we know that the waste was 

highly polluting. The environmental pollution is also caused by household waste from 

people’s daily activities at home that affect the quality of the soil and water around us was 

decline.  

Based on these facts,  the students  need to be equipped with a waste management 

education that will be useful for long-term environmental sustainability. The students are 

the generation of 21st century who play an important role in determining the environment 

around us the next few years. Student’s awareness about the threat of waste need to be built 

from an early age by providing learning subject of waste magement in schools. The subject 

of waste management is closely related to the science learning  in schools. Science learning 

through the subject of waste management involves various disciplines of science, such as 

physics, chemistry, bilogy and the role of technology. 

Science Technology Society (STS) approach is an approach that linking science 

learning, the development of technology and students daily experience. STS approach in 

learning is considered appropriate, because it can make students respect around their 

environmental condition and think creatively to development or create various kind of 

waste management technology from knowledge that has been obtained by student in the 

school. Based on this approach, it can create 21st century generation that excellent mind 

and soft skill. The teacher active role is needed for making student that have not only 

excellent mind but also soft skill. Creative thinking skill include 21st century soft skill need 

to be developed in school. In this case, teacher should act as facilitator for preparing all 

kind of learning tools in waste management subject using STS approach. Recent research 

that related about study learning tools based environmental on waste management subject 

have been developed. That research observed kind of various activity student related 

creative thinking skill. This research aim to analyze the creative thinking skill’s students 

through STS approach on waste management subject as solution of environmental 

conservation. 
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DISCUSSION 

Analysis of students’ creative thinking skill aimed to create human resources which 

can produce creativity product. Creativity is affective learning outcomes (attitudes) that 

that result of creative thinking skill either understand about something or ability processing 

information. Kenneth (2009: 226) explain that creative thinking is combination ability 

processing information and recent knowledge, concept and ideas. Four main basic of the 

development creative thinking skill is preparation incubation, lighting and verification. It 

has virtue of flexibility and can develop student creative thinking skill. 

Coughlan (2007) explain that characterized of creative thinking skill such as: 

1. Engaging in reflection (reflective learning) 

2. Find the possible answers 

3. Produce reasonable solution 

4. Don’t conclude early idea 

5. Allowing to envision or imagine and play exiting theory 

6. Recognizing that approach will be used involve a lot of suggestion can’t apply 

7. Making mistakes 

8. Learn from experiences 

Coughlan  describe creative thinking strategies  is method exercising creative 

thinking skill through exercise daily routine. This strategy is designed for possibility of 

each person to think laterally and inventively in defining and solving problems. Method or 

strategy can also be applied by students at school and in everyday experiences at home. 

This method can spur students to think creatively and actively involved in problem solving 

encountered in students environmental. 

Associated with the essence of creative thinking that has been described earlier, one 

approach that is relevant to analyze the ability of creative thinking in students that approach 

to STS (Science Tecnology Society) .Miller 1996 (Bettencourt, Lopes, Albergaria., 2011)  

explains that the basis of education-based STS provide a good contribution to the education 

community to prepare student to face the problems of modern technology and the changes 

in science. This approach in education department aims to enrich students with critical 

thinking skills, raises reflective learning, as well as preparing them to become professionals 

in the future. The interaction between science, technology, and society not only help. 

The essence of creative thinking skills associated with STS concept described by the 

National Science Teachers Association (NSTA). NSTA (1990: 1) expalined that ““…the 

teaching and learning of science in the context of human experience”. STS is a learning 

process that appropriate to the context of human experience. In this approach, students are 
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invited to investigate, analyze and apply to concept in a real situation. This statement 

implies that the STS approach which applied in science learning can motivate the students 

to be more responsive, creative thinking and be able to solve the problems in the real world. 

STS approach in learning can be applied to the appropriate subject, that is the subject 

that  can integrate science, technplogy and society. The subject of waste management in 

vocational secondary schools is the subject that can use the STS approach in development 

of learning process. Basic competence will be achieved through STS approach in this 

subject include the ways of waste treatment, recycling of paper into a way of useful goods 

and wastewater management technology. 

Relevant research in this paper was done by Wartono (2011) about activities and 

learning outcomes in waste management subjec with approach about environment and 

tecnology base in SMKN 11 Semarang show can increase student activity until 85%  

compared by clasical method only 50%. This learning applied on sains learning in SMK 

with basic competences: to understand polusian and its effect for people and environment. 

On that learning, teacher develop various of learning tools like kontekstual RPP, LKS that 

integrated kind of biology, chemistry, phisic, and tecnology, and question to measure 

student knowledge. In that research, student is realy invite to activ and capable to creative 

thinking for make creative product to save environment by task to make recycle and poster 

about waste management tecnology. By that activity, proven that there is involvement 

creatif thinking student. 

Research that was by Wartono, is efectif, but in apply can not make student involved 

directly in real problem on environment. New innovation that will be develop is by giving 

the real experience for student to field study to other place to the contaminated area . Lesson 

plan that will be developed for example forming students into small groups to make 

observations at various places polluted in the environment around them , identify pollution 

problems that arise and to design solution is supposed to do. Assessment is done by giving 

a final assignment in the form of projects . 

 

CONCLUSION AND SUGGESTION 

Based on several experts opinions and relevant studies, it can be concluded that 

creative thinking skill’s stdudents can be measured by STS approach on waste management 

subject. The suggestion for this paper are apply the new innovation by giving the real 

experience for student to field study to other place to the contaminated area. Lesson plan 

that will be developed for example forming students into small groups to make observations 

at various places polluted in the environment around them , identify pollution problems 
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that arise and to design solution is supposed to do . Assessment is done by giving a final 

assignment in the form of projects . 
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Abstract 

The characteristics learning in 21st century is student-centered learning. Students 

have more space to optimize their potential. Problem-based learning is one of alternative 

way to optimizing the students learning potential which can be built in critical thinking, 

analytical and precise in identifying, understanding, problems solving, and applying the 

learning materials. Of course,  in this application of problem-based learning has a syntax 

in the learning process. Syntax in problem based learning are package in a learning 

process, that will give a wide range of science process skills that it is divided into two 

types, basic science process skill and integrated science process skill to determine the 

science process skill in instructional design and materials. Problem based learning was 

determined from local wisdom can be the part of higher order thinking skill that is a 

critical thinking skills. The aim of this research is to assess the problem-based learning of 

local wisdom potential in science process skill and high order thinking skill (critical 

thinking) of senior high school students. After conduct this research is expected to give 

deep understanding for teachers, ptimization the potential students with problem based 

learning model, and developed science process skill and critical thinking skill with 

combining syntax and instructional design. 

 

Keyword: problem based learning, local wisdom, science process skill, critical thinking 

skill, 21st century 

 

INTRODUCTION 

The form of learning in the 21st century is facilitating learners to more develop 

because of learner centered approach. In the 2013 curriculum, teaching methods are used 

to optimize the potential of learners one of them is using problem based learning. This 

approach gives more space for learners to show up their potential. Various of learning 

methods appear to facilitate learners in building self-reliance by providing creative 

opportunities for learners. Teachers have an important role to provide space for learners 

that is by choosing a method of learning that suitable for the characteristics of the learning 

material and the surrounding environment. 

 One of characteristics of learning in the 21st century is present a contextual 

teaching materials (BSNP, 2010: 47). In contextual teaching materials can be obtained from 

the issue that is close to the learners. One of the issue is a local knowledge. Local wisdom 

is the unique potential of a region that present this area. Of course, in an area having specific 

problems. Grow up the specific issues that are expected to asess the critical thinking skills 

of learners. So the study of this literature will discuss more on the potential of local 

knowledge in problem-based learning of the science process skills and critical thinking 
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skills. 

 

DISCUSSION 

Karakteristik pendidikan abad 21 

Learning is an effort to facilitate learners in learning process, so that learners can 

achieve the the goals. Learning in 21st century is an effort to facilitate the 21st learners 

experience can achieve the best learning experience process, so that they can achieve 

objectives learning effectively. According BSNP (2010: 20) in the world of education has 

been faced. The shift arises from a change in the era that give demands for learners to learn 

independently. As for the characteristics of the 21st century education expressed by BSNP 

one of which is the greater attention to environmental problems. Environmental problems 

arise from the environment around learners, make learning more and getting closer to the 

subject studied. 

Learning techniques that used in the 21st century is a positive impact on learners. As 

for some learning techniques are used to facilitate the learning of the 21st century include: 

1) learning centered on learners, 2) multi interaction in the educational process, 3) the 

learning environment more broadly, 4) learners actively investigating the learning process, 

5 ) what is learned in context with children, 6) based learning teams, 7) the object being 

studied are relevant to the needs of children, 8) all senses of children utilized in the learning 

process, 9) using multimedia (especially ICT), 10) relationship between teachers and 

students is cooperation to study together, 11) learners learn according to individual needs, 

so that service-learning is more individualized well, 12) awareness plural (not individual), 

13) multi-disciplinary, 14) autonomy and trust, 15) develop critical and creative thinking, 

16) teachers and students alike learn from each other (BSNP, 2010). 

 

The role of students in learning process  

At the age of high school, according to Piaget (Dwi Siswoyo, 2007: 102-103), the 

students have had formal operational thinking patterns. Learners have the ability to 

coordinate two cognitive diversity, randomly or sequentially. With a capacity to formulate 

the hypothesis that learners are able to think to solve problems by using the basic 

assumptions that are relevant to the environment. Being with the capacity to use abstract 

principles, learners will be able to learn the subject matter is more complex. So based on 

these descriptions in the age of high school students have had high-level thinking skills 

related to critical thinking. 
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In biological learning process, one of the teacher's role is as a facilitator in the learning 

can provide for the learning process. Teachers facilitate all activities of learners by creating 

a lesson plan that fits the needs of students in the learning material and the characteristics 

of the surrounding environment. Based images of biology learning activities that have been 

modified by Paidi (2012: 16) the learning activities created by the presence of teachers who 

utilize sources of knowledge well. Source of knowledge is packaged in a medium of 

learning making it easier for students to understand the learning material. Here's a picture 

of the biology of learning activities. 

 

 

Figure 1. Learning Activities of biological learning chart (Dohar: 2012 (Paidi, 2012: 16). 

 

Problem Based Learning (PBL) 

Model problem based learning (PBL) is a learning model that applied the various 

schools or institutions ranging from primary school to the university. The rationale for this 

model because this model can help learners to improve thinking skills, problem solving 

ayng around it so that it can provide new knowledge for learners. In line with the opinion 

of Levin (2001: 1) 'PBL is an instructional a method that encourages learners to apply 

critical thinking, problem solving skills, and content knowledge to real world problems and 

issues ". That is problem based learning is a method instruksiona applying critical thinking 

skills, problem solving skills and provide real knowledge of the problems and issues. 

Problem-based learning is also used in the learning process like find, investigate that 

help learners develop the ability to think of learners as proposed by Arends ((2012: 396) 

and Savin-Baden (2003: 2-3) says the same thing that based learning masalaha is a learning 
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based on a problem which the participants perform activities such as investigation and find 

something that can be used as knowledge and can suss out a problem and provide a solution 

of a problem. 

During a certain period, has a developmental problem based learning (Cognition and 

Technology Group at Vanderbilt, 1990, 1996a, 1996b; Krajcik & Czerniak, 2007; Slavin, 

Madden, Dolan & Wasik, 1994) described in several points as follows: 

a. Driving question problem, organize a few lessons with a particular academic 

principles or specific skills, by discussing some of the problems of life, provide 

solutions to problems, both socially and individually.  

b. Interdisciplinary focus, problem-based learning centered on specific subjects (science, 

math, history) in which learners can investigate the problem, explore issues and relate 

in some subjects and provide solutions according to the learners. 

c. Authentic investigation, learning requires learners to undertake activities such as 

analyze and define problems, develop hypotheses and make predictions, collecting 

and analyzing information, conducting experiments (if possible), make inferences and 

draw conclusions. Certain investigative methods are used depending on the nature of 

the problem being studied. 

d. Production of artifacts and exhibit, problem-based learning requires learners to 

memnciptakan a product in the form of artifacts or exhibits which describes the 

solution of a problem. Where these products can be used as a discussion on a subject. 

e. Collaboration, learning, problem based learning is a cooperative learning where every 

student can work with one another either in pairs or small groups, working together to 

give each other motivation, dialogue in solving a problem and can expand social skills 

of learners. Arends (2012: 397) 

 

So it can be seen that the characteristics of problem based learning is a teaching 

that emphasizes students in activities to investigate a problem that is faced to the learners, 

which is done in groups or individuals in solving a problem, and these problems to provide 

solutions in the form of products or in the form of exhibitions which can be explained by 

learners in the presentation. 

The steps (syntax) PBL models according to Arends (2012: 411), namely: 

a. Orients Students to the problem. (The teacher explains the purpose of learning, 

explained the logistics required, filed a phenomenon or demonstrations (story), to 

reproduce the problem, motivate learners to engage in problem solving) 

b. Organize students for study (Teachers help learners to identify and organize learning 
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tasks related to the issue) 

c. Assist independent and group investigation (Master motivate learners to gather 

information yng appropriate, carry out experiments, to get an explanation and problem 

solving) 

d. Develop and present artifacts and exhibits (Teachers assist students in planning and 

preparing the appropriate work such as reports, videos and models and help them share 

the duties with a friend) 

e. Analyze and Evaluate the problem solving process (Teacher helps learners to 

reflection or evaluation of their investigations and the processes they use). 

 

The potential of Local Wisdom 

Local knowledge is one aspect that is widely studied by researchers because they are 

interesting and provide a high scientific value. call it Indonesia which has hundreds of local 

cultures that attract domestic and foreign tourists. Local wisdom is an attempt by human 

beings with their resources to create something that makes the interaction between the 

members, occurs naturally and provide its own value, it is in line with the statement Nurma 

Ali Ridwan (Wikantiyoso, et al, 2009: 7) local knowledge or also called with local wisdom 

can be understood as a business man using his intellect (cognition) to act and behave 

towards something, objects, or events that occur in a given space. 

Learning biology can use local knowledge as one of the studies in biology such as the 

use of flora and fauna that is around, so can assist learners in learning activities. Similarly, 

subjects such as physics are already using local wisdom in sautu learning, with the aim that 

the learners are able to perform activities outside the classroom, providing hands-on 

experience to students what is happening on the ground, helping learners to solve a 

problem, grow an attitude of gratitude for what he has owned, appreciation possessed better 

learners (Suparwoto, 2011: 22). 

Some positive reasons use of the environment (environmental wisdom) as a source of 

learning according Paidi (2012: 15) as the material, context, and learning resources, are 1) 

the environment can enrich the material and learning activities, 2) The use of the 

environment allows the learning process more meaningful and functional, because children 

exposed to the actual conditions, 3) intensive interaction with the environment is more 

likely to set up a feeling close and positive for the students to various natural phenomena, 

4) providing a challenge to think critically and air-solving, because the environment 

presents problems which is ill-structured and complex. Under such exposure, local 

knowledge presents a variety of benefits that can be used to activate students in harnessing 



 

34 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

the potential of nature in the region. So that teachers can organize the natural potential as a 

source of learners. 

 

Science Process Skill 

At each process in the investigation of the biology of learning, needed a way to 

mengativasi more meaningful learning activities. Ways for a more meaningful learning 

biology is to use science process skills in the learning process. Science process skills 

expressed by Rezba, et al (2006: 4) which mengolongkan science process skills into two 

groups consisting of basic science process skills and integrated process skills. Basic science 

process skills include: observing, communicate, classifying, measuring, guessing, and 

predicting. Whereas integrated science process skills include: identification of variables, 

create tables, create graphs, medeskripsikan relationship between variables, data 

processing, analyzing the results of the investigation, make hypotheses, establish 

operational variables, and designing experiments. Referring to the decomposition, that the 

science process skills are a series of scientific method that aims to achieve a goal or solve 

learning problems. 

Critical thinking 

Critical thinking is one part of the high-level critical thinking skills (High Order 

Thinking Skills), one of which is used to train and develop students' ability to think for 

the future as demands on modern times. This statement is in line with the opinion of 

Haghparast Mahboobeh, et al., (2014: 57) that critical thinking is one of the main goals of 

higher education to train dependence and reasonable thinkers as useful citizens in modern 

society. 

Critical thinking by Ennis (Fisher, 2001: 4) critical thinking is acceptable 

reasonable, reflective thinking that is focused on deciding what to believe or do. It means 

that critical thinking is a skill possessed by a person to be able to decide or do something 

if he was faced with a problem. Critical thinking skills can be developed by students 

through a learning material adapted to the achievement of thinking skills of learners to 

achieve. As in the learning of students faced with a problem and requires thinking skills 

in solving problems. This is in accordance with the opinion of Paul, Fisher and Norish 

(Fisher 2001: 4-5) critical thinking is a way of thinking - about the subject, content or 

issues that improve the quality of his thinking by skillfully taking over the structure 

inherent in his thinking and their intellectual standards. 

It can be concluded that the critical thinking skills is a skill possessed by a person 

to solve a problem and develop opinions held in answering the challenges of the times, 
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especially in the 21st century that are all competing in all things, highlight what is owned 

and develop human resources to show its existence , Knowing the critical thinking skills 

can not be seen when the learner is thinking, but the critical thinking skills can be seen and 

observed through several measures such as providing sautu opinion, give a decision, 

provide conclusions logically, this is in line with statements from Grant (Rezaei Kargar 

Flor, ,. et al, 2013: 52) has eight characteristics of critical thinking is: asking questions, 

problem defining, investigating the evidence, analyze bias and anticipation, avoidance of 

emotional assessment and simplification, to consider other comments, and the 

contradiction of tolerance. It also reinforced the opinion of Facione (2011: 5) critical 

thinking is a kind of assess meaningful activities and consists of interpretation, analysis, 

concluded, evaluation, describe and organize themselves. 

Based on the above theory about the problem based learning, science process skills 

and critical thinking skills can be seen that by using a model of problem-based learning in 

learning to develop critical thinking skills and science process skills due to the use of 

learning syntax peyajian problem. The problems presented may use problems related to 

everyday life where learners are required to solve a problem (science process skills) by 

using the ability to think one of them is the ability to think critically and provide a solution 

of these problems. Kamampuan troubleshooting is also one part of the science process skills 

that can be developed by the students so that students are accustomed to problem-solving 

activities in learning and critical thinking skills in order for a time in life when faced with 

the problems students can solve the skills possessed. 

 

CONCLUSION AND SUGGESTION 

Based on the study it can be concluded that by using PBL as a learning model that 

involves local knowledge as a source of learning in the subjects of biology can help students 

in developing science process skills and critical thinking skills. Where local knowledge is 

used include the flora and fauna around the learners. Local potential has the potential to be 

learned so that students actively participate in learning activities not only in the classroom 

but also outside the classroom, providing hands-on experience to students to what happens 

in real time, giving a new atmosphere for learning, teaching learners also to be grateful for 

what has been created by the creator so that it can be studied and used as a knowledge that 

is interesting to study. 

As the study materials and can proceed directly to research more specific so can result 

in a more optimal and more useful in the world of education. 
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Abstract 

 The purpose of this paper is to determine the role of tools in physics 

learning based on Self Directed Learning (SDL) for senior high school students. The 

KTSP curriculum and the 2013 curriculum are student centered. Learning physics, which 

is part of the 2013 curriculum is expected to improve science, technology and optimize 

the potential of environment. This is in accordance with the demands of the 21st century. 

One strategy that can be used is the SDL based learning that can involve students in the 

learning process to obtain higher order thinking skills. The Application of SDL based 

learning can be successful, if a series of learning activities has been prepared and well-

arranged in a learning tool. Learning tools for physics that can be used to implement the 

learning process based on SDL include Lesson Plan, Student Activity Worksheet, 

Handouts, and Test of Learning Result. The application of the SDL based learning is 

expected to improve the understanding of concepts, scientific attitude, science process 

skills and creative thinking skills of students. 

 

Keywords: Self Direct Learning, Concepual Understanding, Scientific Atittude, 

Scientific Process Skill and Creative Thinking Skills 

 

INTRODUCTION 

The era of technology and information is characteristic of the 21st century. Along 

with the development of the 21st century, the world has changed. Four great powers of the 

21st century to transform most aspects of social, economic, political and cultural. In the 21st 

century, science and technology is developing very rapidly. Everyone can easily get 

information and communicate without being limited space and time. Advances in 

technology, communication and transportation has fueled globalization and create 

economic, community, and culture globally. Globalization which is supported by 

information technology led to the flow of information so fast and unstoppable. 

Globalization is developing now very influential on people's lives. One side of life 

is affected by globalization is education. Resources are very much able to facilitate the 

educational actors to implement the learning process. However, not all of the information 

is used well for environment and society. The imbalance between information and 
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knowledge, as well as technological and environment influence on people's lives. The 

learning process needs to harmonize between science, environment, technology and 

society. A way that can be taken to align it is to use SETS (Science, Environment, 

Technology, Society). SETS learning process can utilize information and knowledge to 

solve environmental problems by using technology for the sake of society 

2013 (K13) Curriculum requires a student-centered learning (student centered), not 

centered on the teacher (teacher centered) and have the skills to take advantage of 

knowledge in solving problems using SETS. In this lesson the students are actively making 

competencies and learning objectives can be achieved. Conditions such learning can be 

realized by various models, approaches, strategies, and learning methods. 

One approach is to make students active in learning is the Self Directed Learning 

(SDL). With this approach the student is expected to achieve competence in accordance 

with the development of science and technology and in harmony with the environment and 

society. Through this approach the students are also trained to develop themselves 

independently, but also be able to collaborate with colleagues. Borich (2007: 354) states 

that in this study there is some learning strategies, among other Mnemonics, Elaboration 

Learning (EL), Comprehension, Problem Based Learning (PBL) and Project Based 

Learning (PjBL). According to Sherman (2004) learning to enable students can also be 

done by Design strategy Based Learning (DBL). Learning with SDL can develop students' 

independence. Another capability that can be developed in this study is an understanding 

of concepts, process skills, scientific attitude and creative thinking skills. 

 

DISCUSSION 

1. Learning Tools 

a. Lesson Plan 

Depdiknas (2009) states that lesson plan is a plan that describes the procedures 

and organization of learning to achieve a basic competence. Lesson plan translated 

from the syllabus. According Trianto (2010) lesson plan has two functions, namely 

the function of planning and execution functions. Planning function aims to 

encourage teachers to be more ready to implement learning activities. Function 

execution lesson plan had the purpose shall be in accordance with the needs of the 

environment, schools and districts. 

Component lesson plan as per attachment Permendiknas Number 41 Year 

2007, consists of identification of subjects, standard of competence, basic 

competence, indicators of achievement, the purpose of learning, teaching materials, 
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the allocation of time, the teaching methods, the learning activities, assessment of 

learning outcomes, and learning resources. 

b. Handout 

Learning process needed instructional materials. One of the instructional 

materials that can be used in physics education is handout. The word of handout 

comes from English that meaning of information, news or letter sheets. Prastowo 

(2011) explained that handout is a very concise instructional materials. It is sourced 

from some of the relevant literature on basic competencies and subject matter being 

taught to students. This instructional materials is given to students in order to 

facilitate them while attending the learning process. Steffen-Peter Ballstaedt 

(Depdiknas, 2008) suggests the functions of the handout, that are (1) helping 

students relieve their note, and (2) as companioned explanation from the teacher. 

Nurtain (1989) stated that handouts can be formed as notes, diagrams, and the 

combined notes and diagrams. Handouts in the form as a note presenting the 

concepts, principles, basic ideas about a topic that will be discussed. Handouts in 

the form as a chart presenting diagrams, sketches or drawings, painted either 

complete or incomplete. While the form of notes and diagrams handout is a 

combined form of notes and handouts handout diagram form. In preparing the 

handout, this handout should be contain some components, such as lead talks 

regularly and clear, centered on knowledge-intensive results and statements, and as 

well as charts and tables are hard drawn by listeners dapatdengan easily obtainable. 

Handout prepared on the basis KD to be achieved by learners. Thus, the handout 

should be derived from the curriculum. 

c. Student Activity Worksheet 

Student Activity Worksheet is printed instructional materials in the form of a 

sheet containing the task that contains the instructions, the steps to complete the 

task. Student Activity Worksheet consists of matter, summary, and tasks related to 

the material. The purpose of making worksheet include (1) helping teaching and 

learning activities, (2) providing knowledge, attitudes and skills that need to be 

owned by the students, (3) check the level of students' understanding of the material 

being studied and (4) develop and implement a subject matter which is considered 

difficult to be learned by the students. 

Based on the description that goal then Student Activity Worksheet has a 

major role in the learning process. worksheet making structure according to 

(Depdiknas, 2008) consists of (1) title, (2) instruction of students, (3) the 
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competence to be achieved, (4) supporting information and (5) the tasks and steps. 

According to (Prastowo 2011) Student Activity Worksheet assessed both used in the 

context of heuristic strategies and ekspositorik strategies. Heuristic strategies, 

worksheet used in the method of guided discovery, while in ekspositorik strategy, 

Student Activity Worksheet used to provide training development. 

d. Test or Learning Result 

Brow and Page (1970) state that test is as a measurement for samples from 

individual’s behavior which is taken from systematic process. In study, it is called 

Test of  Learning Result (TLR). TLR is usually used to measure student’s 

understanding after joining learning process. TLR is build based on indicator of test 

result’s achievement which is an elaboration  from standard competencies. Trianto 

(2009) mentions TLR’s function is to give teachers a feedback which can be used 

to improve the learning process and maintain a remedial program for students that 

is not yet succeed in study. 

TLR is a pack of questions about one subject of study which is made by 

teachers or government. Grondlund (1979) devides TLR into two types based on 

the form of the question there are essay test and objective test. Essay test is a test 

with a bunch of question which needs analytical answer. Essay test is good for 

measuring the realm of cognitive understanding, application, analysis, synthesis, 

and evaluation. Objective test is a test which has alternative answer. It consists of 

various forms such as : true-false test, multiple choice, matching test, and relation-

analysis test. Objective test is good for measuring the realm of cognitive knowledge, 

understanding, application, and analysis. 

2. Self Direct Learning 

Borich (2007) defines SDL as a teaching approach and an active learning which 

involves student in learning process so the high order thinking could be achieved. SDL 

can help students in knowledge’s development and understanding to solve problems and 

think critically. Gibbons (2002: 11) mentions five important basic aspects in SDL, which 

are student’s control in experiments, skill’s development, self-change in a good 

performance, student’s learning management, also self-motivation and self-assessment. 

SDL can be applied in learning if it is implemented in a learning model. There 

are some types of learning model that could be used, such as : 

a. Project Based Learning (PjBL) 

Borich (2007) states that PjBL is an intrinsic motivation that encourages 

learning by organizing instruction related to tasks that can encourage the learners 
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attention, effort, and perseverance. Jumaat & Zaidatun (2013) states based learning 

project involves an authentic learning environment that allows students to build 

knowledge in an authentic context, students can use the environment as a medium 

of learning. Ergül & Elif (2014) contend that the PjBL model is one model of 

student-centered. In PjBL, students work together to build their own learning, 

develop their creativity to solve a problem. 

Thomas (2000) say PjBL  has its own characteristics as follows : centrality, 

driving question, constructive investigation, autonomy, and realisme. Markham 

(2003) Step-by-step implementation of PjBL there are start with the essential 

question, design a plan for the project, create a schedule, monitor the students and 

the progress of the project, assess the outcome, and evaluate the experience 

b. Problem Based Learning (PBL) 

PBL is learning which is based on a real problem that requires learners to 

find solutions to these problems through the processes of investigation so as to 

construct knowledge of learners. PBL is not designed to assist teachers in 

conveying information to students. Instead, PBL is designed to help students 

develop their thinking, problem solving, and intellectual skills, and learn about the 

role of adults to experience real or simulated situations. 

c. Elaboration Learning 

According to Ormrod (2006) elaboration learning model is a model of the 

sort of learning new ideas based on what students have known before. Research 

(Kalyuga 2009) defines that elaboration learning is the sequence of ideas of new 

information, so that learning will become more meaningful. Based on research 

(Reigeluth et al., 1980) there is three point from elaboration learning process, that 

is sequence, synthesize, and summarizer. There are 7 syntax in elaboration learning 

according to (Reigeluth & Stein, 1983), seven syntax are (1) sequence, (2) 

organize, (3) summary, (4) synthesize, (5) analogy, (6) cognitive strategy activator 

and (7) learning control. 

d. Design Based Learning 

 DBL is one of the learning model which can teach students to learn actively 

and independently. DBL is a combination of PBL and PjBL. The main 

characteristic of this model is products generated by students in finishing problem 

given by teachers. Chandrasekaran et al. (2013) states that DBL is a learning model 

where pupils direct theirselves to formulate their products creatively and 

innovatively and can be used as a solution of academic, social, and industry 
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problems. Sherman (2008) mentions 8 stages which must be done in DBL, which 

are : become familiar with the problem, create a design brief to guide your work, 

research and investigate the topic, explore ideas and generate possible solutions, 

choose the best solution, do the necessary developmental work, make a model or 

prototype, and test your solution. 

3. Conceptual Understanding 

Bloom's Taxonomy of understanding divides into three aspects, translation, 

interpretation and extrapolation. According to Anderson & Krathwolh (2001) 

understanding of the concept is one in cognitive and breaks it down into 7 categories 

and the cognitive process that is interpreting, exemplifying, classifying, summarizing, 

inferring, comparing, and explaining. Conseptual understanding of physics according to 

Sutadi (2014: 104) is "the ability to capture and take control over a number of facts that 

have a relationship with a specific meaning." The element of understanding in learning 

physics is much more dominant than recitation elements. Students who answer correctly 

in mathematical physics problem, not necessarily understand the concepts of physics 

properly. 

According to (Aydin, 2014) that Problem Based Learning Approach (PBL) is an 

effective way to teach concepts that students normally encounter in day-to-day 

problems. It also according to (Farroknia, 2010) which states that the understanding of 

the concept experienced by the students can be overcome by pratek as used in the lab. 

Practicum conceptual learning can help facilitate student learning. Research results 

Mauke et al. (2013) showed that there were significant differences between the 

understanding of concepts and problem-solving ability of students who take teaching 

models Contextual Teaching and Learning. Another study was also according to 

(Zacharia, 2007), states that the combination of Real Experimentation (RE) and Virtual 

Experimentation (VE) can enhance students' understanding of the concept is more than 

just the use of RE. 

4. Science Attitude 

One aspect that was developed in physics learning in the classroom are aspects 

of attitude. In The Cambridge Dictionary of Psychology, Matsumoto (2009) states that 

"attitudes are evaluations of objects occurring in ongoing thoughts about the objects or 

stored in memory". According to Gokhale (2009) attitude is "a positive or negative 

sentiment or mental state, that is learned through experience and organized on the 

affective and conative responses of an individual toward some other individual, object, 

or event". 
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Scientific attitude contains two meanings (Harlen, 1996), the attitude toward 

science and the attitude of science. The first attitude refers to an attitude toward science 

while the latter refers to the attitude inherent attitude after learning science. If a person 

has a certain attitude, people tend to behave consistently in every circumstance. 

Scientific attitude are grouped into two; (1) a set of attitudes that emphasize a certain 

attitude toward science as a way of viewing the world and can be useful for future career 

development, and (2) a set of attitudes that if followed will help the troubleshooting 

process. Harlen (1996) classifies the scientific attitude into eight groups, namely 

curiosity, the attitude of respect for the data / facts, critical thinking attitude, the attitude 

of discovery and creativity, open-minded and cooperative attitude, the attitude of 

perseverance, as well as the attitude sensitive to the surrounding environment. Scientific 

attitude is an attitude that must be owned by the students. 

5. Science Process Skill 

Bolat (2014) defines SPS as a skill which makes student active, giving them 

research learning methods and responsibility also permanent learning so SPS can makes 

it possible for student to solve problems that they face in daily basis. In physic, SPS can 

help students understand about learning subject from direct experience. Martin et al. 

(2005) also defines SPS as a way of thinking that is used to measure, solves problem, 

and use the idea. 

SPS can be devided into two : basic process skill and integrated process skill. 

Rambuda & Fraser (2004) explain that basic process skill apply as cognitive basic 

function especially in elementary school, where as integrated process skill is a direct 

skill used for problem solving or science experiment. Ongowo & Indoshi (2014: 715) 

devide basic process skills  aspect of SPS into observing, inferring, measuring, 

communicating, classifying, and predicting. They also devide integrated process skills 

into controlling variables, defining operationally, formulating hypoteses, interpreting 

data, experimenting, and formulating models. 

6. Creative thinking skills 

Massyrova (2015) interpret creative thinking is an activity that creates something 

new, the construction of thought or feeling of life and is found only in humans. Simsek 

& Fatime (2010) interpret creative thinking is thinking that generates new ideas to solve 

problems sutu with clearly defined procedures. Dinica (2010) say someone creative 

levels have been brought since the birth, but creative development is strongly influenced 

by the environment and intellectual person. Torrance (1990) stating the purpose of 

creative thinking skills thinking skills using a variety of mental operations, ie fluency, 
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flexibility, originality, and disclosure of ideas to produce something original, new and 

valuable. This meant when initiating a new idea, brain thinking to generate ideas that 

many (smoothness), the idea of varying, different (spasticity), the idea of unique 

(original), with detailed and useful exposure (worth).   

Based on expert opinion, it can be inferred creative thinking is the ability to 

generate alternative answers to problems that are given or as the ability to see new 

relationships between the elements that already exists. Creative thinking is only found 

in manusi and a mechanism inherent in the human mind, so can the discovery of ideas 

to solve a problem. Munandar (1999) stating the characteristics of creative abilities 

related to cognition can be viewed from smoothly thinking skills, flexible thinking 

skills, original thinking skills, and ssessing skills. 

 

CONCLUSION AND SUGGESTION 

Based on the above can be concluded that the role of physics learning tools based 

SDL is an effort to improve understanding of concepts, scientific attitudes , science process 

skills, and creative thinking skills of high school students. This is consistent with the 

meaning of the learning based SDL to improve science, technology and optimize the 

potential of the environment . 

For further research , tools in physics learning based on SDL is better when tested to 

the school so that the products produced in accordance with the needs of senior high school 

students. 
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Abstract 

Critical thinking is a skill that can be trained, which has some indicators such as 

thinking clearly and rational, be able to evaluate an information credibly through 

interpretation, analysis, argumentation and making conclusion. There are three indicators 

that can be used to foster chemistry student critical thinking skill, i.e. analysis, evaluation 

and inference. This indicators are formulated based on the chemistry subject to be learned 

and explicitly can be formulated in the learning plan, student activity sheet, and learning 

material. An analysis is a student ability to describe and identify parts of something, 

evaluation means that student can be able to differ among some arguments or a student 

ability to solve a problem based on relevancy and strength of special questions and issues 

than its irrelevant and weakness, and inference is a student ability to make a general 

conclusion based on individual cases and also an ability to differ some evidences among 

other resources.  

A reality-based chemistry learning model is a developing learning model based 

on three approaches in chemistry learning, that are tetrahedral chemistry education 

metaphore, application-led approach and writing assignment. This developing model 

emphasize on how the phenomena of using chemistry products and its process in students 

everyday-life that suitable to the learning chemistry subject. The purposes of this model 

is how to increase student conceptual understanding in chemistry and how to foster 

student critical thinking skill. In its application, this chemistry learning model uses a 

syntax with five steps. In the first step is an orientation, followed by verification, 

formulation, evaluation, and the last step is writing assignment. Based on this learning 

syntax, a set of chemistry learning that comprise of learning plan, student activity sheet, 

and learning material are formulated.  

In order to get a valid, practice and effective chemistry learning model, a book 

of model has been made together with its learning material set and instruments. In 

conclusion, a reality-based chemistry learning model could increase student 

understanding in chemistry through the formulation of student critical thinking skill in a 

learning set. 

 

Keyword: Critical thinking skill, Reality-based chemistry learning model, Syntax. 

 

INTRODUCTION 

Critical thinking is an ability to analyze critically phenomena and arguments based 

on currently scientific knowledge and facts to decide the best explanation among some 

other models and explanations. Ennis (1987) stated that critical thinking is a rational-

reflective thought by focusing to problems to reach a valid conclusion. According to Lau 

(2011Critical thinking as a cognitive skill is a convergent thinking that is in line with 

rational, systematic and appropriate thought in accordance with logically and scientifically 
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reasons to solve a problem (Lau, 2011; Baker & Rudd, 2011). Lang and Evans (2006) 

pointed out that critical thinking is a skill and not using a mechanistic thought in all 

occasions.  

Zoller & Pushkin (2007) pronounced that a learning using critical thinking will be 

able to increase an academic achievement and students will have an ability to solve 

problems in other situations even after school. There are three indicators for evaluating a 

student critical thinking skill using by  The Committee for the Assessment of Student 

Learning in Henry Ford Community College (HFCC), namely analysis, evaluation, and 

inference (HFCC, 2010). An analysis means an ability to solve something in its parts and 

then can identify among the parts, while evaluation means an ability to differ some 

arguments or to hold a different point of view between a strong and relevant problem and 

a weak and irrelevant one in a specific question or issue. Inference means an ability to 

decide the best one to reach a conclusion by investigate an individual case, then can differ 

among some evidences from some resources (HFCC, 2010).  

Based on these explanations, it can be stated that an application of critical thinking 

means to try to get values, usefulness and validity of something according to valid 

principles. By applying a critical thinking in learning, it means avoiding mistakes in making 

a conclusion, increasing an understanding, and showing an ability to solve a problem 

efficiently in different situations and occasions especially in everyday-life. 

The reality-based chemistry learning model is a model of chemistry learning that 

is developed based on three kind approaches in chemistry education. Firstly, a metaphor of 

tetrahedral chemistry education, secondly, an application-led approach, and the last is 

writing assignment. The model has two main purposes, that to increase student chemistry 

concept understanding and also to foster student critical thinking skill.  

RESEARCH METHOD 

This research is a developmental research, means that a systematic study of 

designing, developing, and evaluation instructional programs, process, and product that 

must meet criteria of internal consistency and effectiveness. The developmental model in 

this research is based on the educational development model of Plomp (2007), that 

comprise of five phases. The first phase is preliminary investigation phase, followed by 

designing phase, realization/construction phase, test, evaluation and revision phase, and the 

last is implementation phase. 

In developing the learning model that would fulfill criteria of validity, practical and 

effectiveness, a set of learning material and instrumentation are also developed. The 

developmental of a learning set is to get the valid one, in order to get a practical and 
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effective learning model when it implement through an experiment in classroom, and the 

developing of instrumentation means to collect data for analyzing to proof that the model 

is a valid, practice and effective learning model. 

The development of learning model, a set of learning material and its instrument is done 

simultaneously. It means that when there is some aspects in learning model would be 

revised, the learning material and its instrument would also be revised.  

RESULT AND DISCUSSION 

Chemistry in molecular level is a fundamental discipline that plays an important 

role in human life. The challenge for most students in high school as well as in first year of 

undergraduate and college in learning chemistry is a low motivation that caused by two 

things. Firstly, student fails to see a connection between the subject and its meaningfulness 

for everyday-life (Chun Wu & Foos, 2010), and secondly, students have to have a more 

effort and time to understand the lesson because in chemistry contains many topics that are 

proved to be abstract concepts. According to Johnstone (2000) and Sirhan (2007) that many 

topics in chemistry relate to structure of matter that more complexes and abstracts. Base on 

this perception, chemistry for student has proved to be a difficult subject for most of them. 

In the terminology of Moore (2009) mentioned that chemistry is a very difficult one to 

learn, and in Kegley et al. (1996) stated that student who sit in chemistry course feel 

frustrate because of three things, that are chemistry is difficult, chemistry makes boring to 

learn, and chemistry is irrelevant to everyday-life. 

Based on those arguments, there are two things to happen in two different 

directions in learning of chemistry. In one side, motivation and achievement of student is 

low, on the other hand teacher feels hopeless and frustrate to teach the subject. Taber (2000) 

indicated that a set of higher order thinking is needed to understand the characteristic of 

chemistry. 

Conceptual chemistry understanding and critical thinking should be in line, that 

means to understand better the chemistry concept that most of them are complex and 

abstract needs critical thinking and in another side critical thinking is needed to understand 

better the chemistry concept. 

Basically, the activities of men in their everyday-life always are always involving 

chemistry processes. Chemicals and chemistry processes used in household and other 

activities in everyday-life, and also in home industry that run by some people in society 

can be resources of inspiration in order to be a part of chemistry learning in classroom. 

Chun Wu and Foos (2010) stated that chemistry involve all aspects of human life. All 

chemicals that used in human activities in everyday-life can be applied to explain how 
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chemistry plays an important role in many aspects of our life.  

How to formulate the critical thinking skill in learning material of the reality-based 

chemistry learning model can be seen in an example as follow: 

Statement of Problem Type of 

critical 

thinking skills 

Question 

When you want to 

buy a drink in a 

drinking stall, there 

are three types of 

drinking to be 

chosen: a glass of tea, 

a bottle of Cola and a 

glass of apple juice.   

Analysis 

 

In those three types of drinking, determine 

their solute and solvent and give a short 

explanation 

Evaluation Which one of the colloidal type in those 

types of drinking? Explain your answer. 

Inference When those three types of drinking are put 

in the refrigerator for a night, which 

drinking type will separate between their 

solute and solvent? Explain your answer 

with a short explanation. 

 

Some other examples of questions in chemistry according to Myers et al. (2006) 

relate to critical thinking is as follow: 

 Explain why neither liquids nor gases have permanent shapes? 

 Why is a monatomic compound nonsense? 

 After a mixture of iron and sulfur are heated and then cooled, a magnet no longer 

attracts the iron. How would you classify the resulting materials? Explain your 

answer. 

 Suppose you were taking a bath in distilled water but were using soap. Should you 

still worry about electric shock?  

 Why would pH paper be unsuitable for measuring blood pH? 

 And so on. 

 

Oloruntegbe et al., (2010) revealed that the ability of students to connect chemistry 

concepts that they have learned to their everyday activities at home are relatively low. 

Social economic background of student also gives a contribution in affecting the ability of 

student to connect chemistry concepts and home activities. Students from a low economic 

background, which do everything routinely in their home has a better ability than student 

from a high economic background. In addition, methods and approach applied by teacher 
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also have a contribution to the problem (Oloruntegbe et al., 2010). Chun Wu and Foos 

(2010) stated that an experienced teacher can make chemistry to be live and easy to 

understand that tend to improve student motivation to learn chemistry. 

Studies regarding to critical thinking skill in chemistry have been done by some 

science education researchers. Kogut (1996) stated that there are five strategies to increase 

critical thinking skill. Firstly, ask questions frequently and direct them to individual 

students, secondly, use examples and illustrations that challenge dualistic thinking and 

reinforce the notion that science does not have many absolutely correct answers, thirdly, 

promote discussion among students by using in-class group assignments and encouraging 

out-of-class study group, fourthly, effective use of feedback encouraging critical thinking, 

and lastly, exemplification is critical to fostering critical thinking.  

According to VanOrden (1987), writing assignment is a good way to foster critical 

thinking in chemistry. To complete the assignments, firstly the students must solve  a 

chemical problem,  then  they  must  explain,  discuss,  or  apply  their results. Furthermore, 

he suggested that to be of real value, the writing assignments must be more than the usual 

end-of-chapter questions, which can be answered by copying the appropriate sentences 

from the chapter.  Instead, the writing assignments must require a synthesis of the concept 

fragments taught in the chapter. In addition, just as we find that chemical calculations are 

more meaningful to students if they are related to the real world, so are chemical writing 

assignments more valuable if they illustrate real-life problems. There are four functions to 

accomplish with the writing assignments:  (1) to encourage students to think about the 

chemical concepts, (2) to find out if the students understand  the  chemical  concepts,  (3)  

to  show  students  that chemical  concepts  can be very practical,  and  (4)  to help students 

improve their written communication in chemistry.  

Writing is an effective means for improving thinking skills, because a person must 

mentally process ideas in order to write an explanation. Writing also improves self-esteem 

because mentally processed ideas then belong to the writer and not just to the teacher or 

textbook author. According to VanOrden (1987), there are four thinking steps in  writing  

assignments:  (1) decide  what  information is needed  to  solve the problem,  (2) find  the 

necessary  information,  (3)  use  the information to solve the problem, and (4) justify the 

choice of  information used for solving the problem (Van Orden, 1987). 

The development of chemistry learning model that called a reality-based chemistry 

learning model (Model PKBR) based on three kind of chemistry approaches, that are 

tetrahedral chemistry education (Mahaffy, 2004), application-led approach (Reid, 2000), 

and Writing Assignment (VanOrden, 1987). This model has two purposes that are to 
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increase student understanding in chemistry concepts, and to foster student critical thinking 

skill. Learning process begin with introducing the application of chemistry in everyday-life 

as a pre-activity before coming to the explanation and discussion of chemistry topic and 

concept, then at the end of learning phase, student would write a paragraph relates to 

learning process and activity. This learning model has a set of learning syntax, that is 

orientation phase, verification phase, formulation phase, evaluation phase, and writing 

assignment phase. 

 

CONCLUSION AND SUGGESTION 

This developmental research is still in progress. Based on the some steps that have 

to be passed in order to come to a conclusion, which the chemistry learning model is a 

valid, practical and effective model, there are some steps that have to do in near future. 

Firstly, doing validation of a learning model together with its learning set and 

instrumentation. Secondly, trying out and implementation through an experiment in 

classroom in order to get a data, and lastly, analyzing the data in order to come to a 

conclusion. 
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Abstract 
Brebes is one of the onion producer centers in Indonesia. In 2013, the harvested area 

of agriculture onion Brebes reached 24,910 ha with a total production reached 304,757 

tons, or approximately 72.65% of the total onion production in Central Java. The success 

of Brebes farmers in onion agriculture developing has made onion commodity onion as a 

region potential and identity of Brebes. In national education system of Indonesia, the 

onion agriculture potential can be considered as part of the local potential diversity to 

consider in education curriculum developing. This system provides opportunities for 

teachers in Brebes to integrate the onion agricultural potential into learning, especially in 

science learning. Integration of the onion agricultural potential into science lesson should 

pay attention to the achievement of competency in accordance with the applicable 

curriculum. The Kurikulum 2013, which is currently applied in Indonesia requires the use 

of the scientific approach in every lesson. Good learning tools will greatly support the 

successful integration of the onion agricultural potential into science learning. Therefore, 

this paper will present the efforts of the onion agricultural potential integration into 

science learning using scientific approach. 

 

Keywords: Brebes onions agricultural potential, science learning, scientific approach 

  

INTRODUCTION 
Onion is one of the major horticultural commodities in Indonesia, which contribute 

to inflation control and price stability (Ditjen Holtikultura, 2013). One of the onion 

production centers in Indonesia is Brebes. In 2013, the onions agricultural area in Brebes 

Regency reached 24,910 ha and total production reached 304,757 tons or 72.65% of the 

total onion production in Central Java. Onion production in Brebes has increased by 45,757 

tons compared to total production in 2012 (Badan Pusat Statistik [BPS] Prov. Jawa Tengah, 

2014). 

The success of Brebes farmers in onion agriculture developing has made onion 

commodity onion as a region potential and identity of Brebes. Onion farmers in Brebes has 

a particular way of onions cultivating and can be categorized as a local potential. The 

knowledge societies in onion cultivation acquired hereditary without a scientific 

explanation of how to grow onions. The farmers cultivated onions in the manner taught by 
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their parents (Khusniati, 2014). 

The Brebes onion agricultural potential is one of the local/region potential divesity 

can be developed to build the region in order to support national development. In the 

perspective of national education, the diversity of local potential is a part of the 

consideration in educational policy. The sytem of national education in Indonesia wants to 

pay attention to the local potential and the environment in curriculum development, as 

stated on the law of National Education System, No. 20 of 2003, in article 36 (Republik 

Indonesia [RI], 2003). The laws national education system presents a great opportunity to 

teachers in Brebes as the implementor of learning to raise the issue of onions agriculture 

into learning. 

Based on Permendikbud RI No. 81 A Tahun 2013 about The Kurikulum 2013 

implementation, integration local potential into curriculum can be done through a particular 

subject or stand alone as local subjects content (Menteri Pendidikan dan Kebudayaan 

[Mendikbud] RI, 2013). The Science Subjects is very relevant to implement, because the 

onion agriculture potential is a contextual science object that related to the daily life of 

students. 

Integration of the onion agriculture potential into science learning should be 

directed to the student competence achievement in accordance with the applicable 

curriculum. The Kurikulum 2013 requires the holistic holistic learning outcomes on 

attitudes, knowledge, and skills domains. What The Kurikulum 2013 desired actually 

confirms the importance of science learning achievement as a whole in accordance with 

the nature of science, ie students who have a knowledge of science, science process skills, 

scientific attitude, and are able to apply knowledge of science in daily life, so it can deliver 

students to become individuals who have science literacy. 

The success of the integration of the onions agricultural potential into science 

learning needs to be supported by good organizational learning plan and in accordance with 

the approach recommended by the applicable curriculum. The Kurikulum 2013 which is 

currently applied in Indonesia requires the use of the scientific approach in every lesson, 

which emphasizes activities learning to observe, ask, gather information, associate 

information, and communicate the information obtained. Therefore, efforts to integrate the 

onions agricultur potential into science learning needs to be supported by learning scenarios 

using a scientific approach. 

According description above, to integrate the onion agricultural potential 

integration into learning suitable with curriculum expectation, the efforts to integrate the 

onion agriculture potential into science learning needs to be supported with a learning 



 

57 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

scenario that uses a scientific approach.  

DISCUSSION 

1. Onions Agriculture Potential In Brebes Regency 
Brebes is one of the main onions producer in Indonesia. In Geographically, Brebes 

including in Central Java province which lies along the north coast of Java Sea and extends 

keselatan borders Banyumas and Cilacap. On East by Tegal City and Tegal Regency, as 

well as the west Cirebon regency, West Java Province. Location of the coordinates is at 

108°41'37,7"-109°11'28,92" East Longitude and 6°44'56'5 "-7°20'51,48" South Latitude 

(Pemkab. Brebes, 2014), Brebes Regency has an area of 166.296 hectares covering 17 

subdistricts and 297 villages (BPS Prov. Jawa Tengah, 2015: 1). 

Brebes have onion varieties with superior quality, ie Bima. Based on data from 

Brebes In Figures 2014 (BPS Kab. Brebes, 2015: 159), until the end of 2013, the onions 

agricultural area in Brebes reached 24.910 ha or 39.73% of the total area of agriculural 

fields. The agricultural fields in Brebes reached 62.703 ha or 37.71% of the region area 

(BPS District. Bradford, 2015: 6). Onion fields spread over 12 subdistricts, ie Larangan, 

Ketanggungan, Banjarharjo, Losari, Tanjung, Kersana, Bulakamba, Wanasari, Songgom, 

Jatibarang, Brebes, and Bantarkawung (Statistics of Brebes Regency, 2015: 159). In 2013 

the amount of onion production reached 3,047,570 quintal with an average production of 

122.32 quintal/ha (BPS District. Bradford, 2015). Onion production in Brebes Regency has 

increased by 457,570 quintals compared to total production in 2012 (BPS Kab. Brebes, 

2015: 159).  

The success of Brebes farmers in agriculture developing has made onion 

commodity as a region potential and identity of Brebes. Their success is supported by 

geography condition. The onions can be grown from start lowland areas (<1 masl ) to the 

highlands (> 1000 masl) (Putrasamedja & Kelvin, 1996). Most of the onion producing areas 

in Brebes Regency, as many as 11 of the 12 subdistricts has area with low-lying topography 

that is very suitable for the growth of Bima, the local onions varieties (Putrasamedja & 

Kelvin, 1996: 8). 

Onion farmers in Brebes has a particular way of onions cultivating and can be 

categorized as a local potential. The knowledge societies in onion cultivation acquired 

hereditary without a scientific explanation of how to grow onions. The farmers cultivated 

onions in the manner taught by their parents (Khusniati, 2014). 

1. Scientific Approach 
Selection of learning approaches depends on the characteristics of the material 

taught. The science related on finding out about a systematic nature, so the science is not 

not only mastery of a collection of knowledge, but also a process of discovery (RI. 
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Department of Education and Culture, 2005: 4). The science discovery process is done by 

using the scientific methods that’s requiring mastery of science process skills. Therefore, 

learning science more emphasis on the application process skills and the use of scientific 

methods. 

Sund & Trowbridge (1967: 12) formulated the six steps of the scientific method 

that includes: a) stating the problem, b) formulating hypotheses, c) designing an 

experiment, d) making observation), e) collecting the data from the experiment, and f) 

drawing conclusions. Griffith (2007: 4) describes the scientific method as a cyclical process 

with three main steps consisting consist of: a) observation or experiments, b) 

generalization, and c) formulate a hypothesis or theory (Figure 2). 

The nature of the scientific method is the root of the scientific approach that 

mandated by The Kurikuum 2013 (Sujarwanta, 2012). Using scientific apprach in learning 

demanding students can use the scientific method ie gain knowledge through observing, 

classifying predicting, designing, experimenting, and communicating his knowledge to 

others using thinking skills and use the scientific attitude ie curious, careful, objective, and 

fair (Sujarwanta , 2012). 

 

Figure 2. Scientific Methods as cyclical process (Griffith & Brosing, 2007: 4) 

 

McCollum (Ministry of Education and Culture, 2013: 213) explains that an 

important component in teaching using the scientific approach of whom are teachers must 

present the learning that can enhance foster a sense of wonder,  encourage observation, 

push for analysis, and require communication. According to  Permendikbud No. 103 Tahun 

2014 About Learning At Elementary Education and Secondary Education, The scientific 

approach focuses on five main learning experience, ie observing, questioning, 

experimenting or gather information, associates, and communicate (Mendikbud RI, 2014). 

Implications of the application of the scientific approach to the learning process is 

that students are actively involved in finding knowledge (concepts, facts, laws and theories) 

through scientific investigations using scientific methods. Operationally, scientific 

observation or 
experiments

hypotesis or 
theory

generalitation
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approach to learning emphasizes the process skills (Sujarwanta, 2012), such as observation, 

classify, interpret, predict, ask questions, and identify the variables. The basic thing that 

should always be held in each of the learning process is a process to experience where 

students are directly involved in each learning activity. The direct involvement of students 

in each study will make students discover knowledge by itself (Sujarwanta, 2012). 

2. Analysis of Material Science in Agricultural Potential Onion 
Onons agricultural potential for Brebes society has the primary function on 

economic function as a source of livelihood, ie as farmers, farm laborers, or onions 

merchants. But if we look the onions agriculture potential as an science object, onion 

agriculture can contribute to provide alternative learning resources for students to learn 

some science topics, among them the object of science and observations, ecosystems, 

biodiversity, and aspects of measurement. Some science topics, onion elements agricultural 

potential, and basic competency that relevant on secondary schoool in Indonesia are 

presented on Table 1. 

Table 1. Science Topic, Elements of Onion Agricultural Potential, and Grade Relevant On 

Secondary Schoool In Indonesia 

No. Topic / Sub-Topic Elements of Onion Agricultural Potential Grade 

1 Science Object and Observations VII 

a.  Science Object Onion 

b.  Measurement 

and Magnitude 

Including aspects of the measurement of the amount 

(eg plant height, plant spacing, time of planting, 

growth rate, length and width of each box fields, an 

area of fields, the heavy mass of the onion, the 

amount of onion production, the number of 

individuals onions each box / beds, temperature and 

soil moisture, fertilizer and pesticide doses) and 

measuring equipment (eg weighing balance and 

length measuring devices) 

2 Classification Objects VII 

c.  Classification 

of organism 

Classification of living creatures Onion and several 

other biota terapat in the fields such as weeds, insects, 

and worms. 

d.  Clasification of 

material  

Some material classification of compounds utilized in 

farming, such as fertilizers, pesticides, ground 

limestone / dolomite, sulfur, and salt 
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3 Transformastion 

of energy 

The process of photosynthesis and respiration onions VII 

4 Evaporation The process of drying onions VII 

5 Ecosystem Onions and others biota in the fields as a component 

of the ecosystem and interaction between  

environmental components 

VII 

6 Aircraft simple agricultural tools, for example: hoes, tools flush, 

glampeng, tanks, kenca, sickles, jugar, buckets, 

pencu, carts, tools bear, balance, and vehicles 

transporting crops 

VIII 

7 Plant 

Reproduction 

Organ 

onion bulbs VIII 

8 Fluid Watering and irrigation canals VIII 

9 Soil Soil of Onions field IX 

 

3. Integration of Onion Agriculture Potential into Science Learning 
The integration of the onions agricultural potential into science learning scenarios 

can be designed with indoor learning or outdoor learning activities. Indoor learning 

activities can be done by presenting the onion plants into the classroom, for example, parts 

of plants (like union bulb) or whole plant onions that planted in polybags. Indoor learning 

activities can be done by packing the onions agricultur potential in the form of indirect 

instructional media, such as powerpoint media, instructional video, photo media, leaflets, 

booklets, posters or internet-based media. Outdoor learning activities scenario can be done 

by getting students directly into the onions field to explore the object of science. 

Implementation of learning scenarios in integrating the onion agriculture potential 

using scientific approach includes observing, questioning, gather information or 

experimenting, associating, and communicating the information. On observing activities, 

the student are asked to observe the onion agricultural potential as science object. For 

example, observing the onion on polybag or observing the onions field. Based on the 

observations activites, the students were asked to formulate questions. In this case, the 

teacher needs to facilitate students to formulate questions that lead to learning objectives 

to be achieved. After the students formulate questions, the teacher facilitates students to 

gather information, associate information, and communicate the information obtained. 

For example, on Figure 3 presented the examples student activity of learning 
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scenarios that integrate onion agricultural potential into learning science using scientific 

approach. Learning scenarios designed with outdoor learning activities. The topics is 

measurement, one of the subtopic of Science Object and Observations at Grade VII 

secondary school in Indonesia based on The Kurikulum 2013.  

  

Student Activity 02 
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Figure 3. Student Activity of Measuring The Science Objects in Onion Field 

CONCLUSION AND SUGGESTION 
Integration of the onion agriculture potential into learning science using scientific 
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approach includes observing the onion agricultural potential as science object, formulate 

the questiong based on the observations activites, gathering information to solve the 

question, associating, and communicating the information obtained. Learning scenarios can 

be done with indoor and outdoor learning activities.  

The science learning-based scientific approach integrated to the onions agriculture 

potential in Brebes still not optimal because guidance limited and effectiveness is not 

known. Therefore, the research to develop learning tools-based scientific approach 

integrated onions agricultural potential that can be adapted by science teachers in Brebes 

and effectiveness needs to be done. 
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Abstract 

Key determination based a is an instrument or medium created specifically to 

expedite the implementation of the vegetation determinate in efforts to infuse the concept 

of plant. Key identification plants that have been be used in high school or college is from 

stenis ( 2003) and Backer & Bakhoizen ( 1995 ). This study aims to develop be a key 

dichotomy the plant to be the medium shaped “fan encoded”. Basically a “fan encoded” 

having two faces will modified as a dichotomy. Sheets fan with two faces it contains about 

a picture or sketch the characteristics of the morphology of plants to be observed. The 

research of methode used is research and development ( R & D) modified from Borg and 

Gall (1993). The research results show that, the average yield an assessment of products 

by validator expressed was perfectly valid, the average yield assessment by lecturers 

partner was perfectly valid, and the results of read  by students was very good. 

 

Keywords :  Development , key dichotomy , fan encoded. 

 

INTRODUCTION 

Some research on student who studies a botany higher plant or a taxonomic higher 

plant (Goodacre dkk., 1996; Syahbudin and Adriyanti, 2005; Modayan and Razek, 2008; 

Rustaman, 2008; Drinkwater, 2009) essentially concluded that a taxonomy higher plant 

identified as the eyes of college with raw material of which many rote and latin term, and 

less interesting. As a result learning become less passionate, dull and students tending to 

passive. Arrijani (2005) that the causes of the limited mastery students to lecture matter a 

taxonomic higher plant caused by guidelines arranged more to variation the atmosphere 

learning and activities is limited to the collection of specimens plant just. The survey 

(Dharmono, 2011) against learning taxonomy plants in some universities (ITB, UNS and 

USU) especially the students have attended lecture botany plants shows that learning 

botany plants is boring (80%) and uninteresting (75%), elusive (95%), methods used 

monotonous, namely lectures and classical lab work (80%) 

The determination of the media to be used based on what is would be taught, how 

taught and how will be evaluated and who becomes students. So the professional teacher 

ability to be raised, that in turn would have a positive impact on improving the quality of 

the process and study results (Arsyad, 2009). With the media education in fact interesting, 

data, pictures, charts, photographs or video with or without sound made the learning be 

more attractive. The materials can be presented with a chain of events simplified or 

enriched, so the learning does not constitute the discussion tedious students. 
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Key based dichotomy determination key is an instrument or medium that is 

particularly to facilitate the pendeterminasian tumbuh-tumbuhan in an effort to infuse the 

concept (Dasuki, 1994). The identification of been used in high school or college is from 

Stenis (2003) and Backer & Bakhoizen (1995). This study will develop be a key 

identification the plant be a media “Fan Encoded”. Basically fan encoded having two the 

to be modified as dichotomy. Sheets fan with two the it contains about a picture or sketches 

character morphology of plants to be observed accordance with the class to be observed. 

The translate of pictures or sketches morphology the media uses dichotomy key fan 

encoded, expected to improve motivation and learning outcomes students. The purpose of 

this research is the key identification develop fan encoded as a media learning botany 

higher plant decent reviewed from the perspective of validity. Media which will be 

developed based on identification of key herbs Steenis (2003) and Backer & Bakhoizen 

(1995) development through research. 

 

RESEARCH METHOD 

The Research is the type of research development, namely research to find and 

develop a new prototype decent. This research develop a key dichotomy fan encoded  as a 

media learning a higher botany plant is worth reviewed in terms of the validity. The 

procedure research development adopt Borg and Gall procedure (Sugiyono, 2013). The 

subject of study is a student course of biology doing education lecture botany higher plants. 

Research conducted analysis by feasibility study or validation by 3 expert, 2 lecturer 

partners and the reads by 20 students. Validation keterbacaan criteria and using Linkert 

scale as follows : 

Table 1 . The validity of the criteriae Expert, partners and the students 

 

Scoore* Validity of Expert- 

partners 

Students read test 

3,25 – 4,00 Perfectly valid Very Good 

2,50 – 3,24 Enough valid Good 

1,75 – 2,49 Less valid Less Good baik 

1,00 – 1,74 Invalid Is not Good 

* Akbar (2009) 

 

 

RESULT AND DISCUSSION 
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The results of the testing data against assessment expert, lecturers and response 

partner student who used the key dichotomous fan encoded as a media learning higher 

botany plant can be seen in table as follows: 

Table 2. Validation the results Experts, lecturers partners and students read 

No Criteria Validity of 

Expert 

Validity of 

lecturers partners 

Students read 

test 

1 Highest 4,0 4,0 3,80 

2 Lowest 3,0 3,5 3,35 

 Average 3,6 3,8 3,4 

 Validation Very Valid Very Valid Very Good 

 

The table 2 above it is known that, from 12 questions given on 3 experts have a 

score in the interval 3,0-4,00 with average value 3,6. This means that most experts said 

very reasonable or valid signature dichotomy fan encoded used as a media learning higher 

botany plants.  

Meanwhile value given by 2 the lecturer partners have score in the interval 3,5-

4,00 with average value 3,6. This means that partner lecturer said very reasonable or valid 

signature dichotomy fan encoded  used as a medium learning higher botany plants. 

Validation early product is very important that it can be seen weakness or deprived of 

material developed from the relevance, accuracy, the language and learned. The advice 

experts used to revise device developed. Validation expert still in judgment based on 

rational thinking, yet the field. Because of that required assessment of the wearer namely 

lecturer useful to perform revision are medium used is in accordance with the need in the 

field and also need to be tested from the media developed to obtain effectiveness and 

efficiency. As described by Setyosari (2013) that the expert or validation done with 

respondents experts useful to review early products and advice for improvement. This is 

confirmed by Depdiknas (2008) that validation product aims to obtain recognition of 

products or endorsement needs so it can and suitable in learning 

Meanwhile questions provided to 20 students have a score in the interval 3,35 -

3,80 with average value 3,4 which means most students said the key dichotomy fan encoded 

is very good used as a media learning higher botany plants. This implies that material easy 

to understand and easily applied the material in the life of days by student. That means that 

learning that media develope can become tools used at the time of the learning process 

lasting to give learning experience quality to the students. The read test is important that 

the media developed matches the students who will use it in the field in real terms. In 
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addition the media appropriate characteristic students allow students can also used it on 

himself, and were add student learning experience. The read test is important that the media 

developed matches the students who will use it in the field in real terms. In addition the 

media appropriate characteristic students allow students can also used it on himself, and 

were add student learning experience. Revisions is based on input from validator, lecturers 

partners and students. This weakness and attempted to be reduced by improving media. The 

same thing is also shown by research Citrawati (2006), Adnyana and Citrawati  2008), and 

Suratsih (2010), that revisions done with input from validator and test read students make 

its development become better to tried out. 

 

CONCLUSION AND SUGGESTION 

The result showed that the key average assessment dichotomy fan encoded  very 

good used as a learning media of higher botany plant by validator expressed is perfectly 

valid (3,6), the average assessment by partner lecturer is perfectly valid (3,8) and the read 

test by students is very good (3,4). However that nedia developed can be used as required 

by in the field, there needs to be tested from the media developed further. 
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Abstract 

Related issues to the 21st century, give challenge to educators to prepare 

generation that  ready to face the 21st century challenges. Education is considered to be 

the key all of progress and generation development that have quality. Science is the 

knowledge that needed for the generation of the 21st century. Science's role in preparing 

good generation requires teachers to make meaningful learning for students in accordance 

with the four pillars of education namely, learning to know, learning to be, learning to do, 

and learning to life together. In basic, science learning is the invention process relates 

with finding out way about the universe systematically, so the science learning is not only 

a collection mastery of  knowledge about facts, concepts, and principles, but also direct 

experience. Environmental learning approach as an approach environment based that was 

developed with aim: (1) students gain more experience with environment regard, (2) give 

awareness students to care for the environment, (3) encourage students to unite with 

nature and the environment as a learning source and them knowledge source. This 

approach is response to environmental problems that more complex and global. By 

implementing evironmental learning approach can shaping the environment care 

character to prepare generations of the 21st century. 

 

Keyword: environmental learning, science learning, environment care character, the 

generation  of 21st century. 

 

INTRODUCTION 

Character building is an attempt to shape generations moral value and able to put 

himself in any situation. According to Asmani (2011: 19), a strong character is a 

prerequisite to become a winner in the competition. it is an important things to prepare for 

next  generations in  the 21st century which is full of global challenges not only for science 

that must be owned by the students, but also the  chritical thinking  and students behavior 

in their  environments.  The  Issues related to 21st century give strong needs to challenge in 

preparing educators  to set up  readiness  in facing of this era.  Education is the one of main 

keys to progress and develop quality generations. Science is the knowledge that is needed 

for the 21st century generations.  In the 21st century, active learning is appropriately 

switched role by student’s center to create an active learning in accordance with the 

competencies that should be improved in teaching learning. Nowadays, teaching learning  

is not focussed  by teacher center  anymore that make students  passive in direct learning 

procedural. In the 21st century, students should have an initiative and active in solving 

problems, that can be implemented in science learning.  
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 Science’s role in preparing well generation requires teachers to create meaningfull 

methods in learning process atmosphere. Learning activity contains complex activities, so 

it is not just a transfer of knowledge from educators to students’ contexcual. Each of the 

learning process needs good strived to be able to lead learners in the mastery competencies 

which have been planned including attitude values. Therefore, the learning process is not 

necessarily carried out at indoor activities only.  By direct learning will make students 

become mature individuals in the face of the applying environmental learning model for 

students using  innovations technique in their learning method.  There are some aims in 

developing Environmental Learning model as a model-based learning environment, which 

are: (1) students gain more experience with regard to the environment, (2) provide 

awareness to students to care for the environment, (3) encourage students to unite with 

nature and the environment as a learning resource and a source of knowledge. Thought this 

approach is implemented on the basis concerns by increasingly of complexsity and global 

environmental problem. Some problems that still  interest focus  happened lately about  

forest fires that occurred in sumatera, indonesia, the waste littering problem unresolved, 

illegal logging, and the usage of natural resources without excessive attention to 

environmental sustainabilit. So that, This issue should be considered together as our 

responsibility  concerning for the environment in which all elements must participate and 

be involved in environmental issues, one through education that serves to cover the attitude 

and behavior by  environmental care understanding. By implementing environmental 

learning approaches can be used as an alternative in learning activities to shape the 

character concering in the enviroment to prepare next generations in the 21 st century.  

DISCUSSION 

A. THE 21st CENTURY GENERATION 

The development of technology, information, and global challenges became a 

prominent character in the 21st century information has an almost limitless which can be 

obtained through the use of information technology learning paradigm gaps that presents / 

tell (ready to use) into the ability to find out. These conditions demanded are able to give 

collaborate and independently establish cooperation network. 

In general Education and particular science education should be able to empower 

students  be able to survive in their era. So that all educational efforts directed to achieve 

the three competencies: to know, to act, and to value. Each learner is required to mastery 

in competencies prepare for the 21st century, as described by Trilling and Fadil (2009: 48), 

these capabilities are: the ability to think creatively, problem-solving skills, ability to 

communicate and collaborate, the ability to innovate. 
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 Based on the above theory can be concluded that the 21st century generation is the 

generation that is able to live in the future being part of  the technological developments, 

information, and global challenges that are able to think creatively to solve problems, 

innovate, comunicate, and collaborate. 

 

B. SCIENCE APPROACH, TECHNOLOGY, AND SOCIETY (STS) 

well transfering  material needs an  approaching to make understanding in teaching 

learning . Approaching by Sanjaya (2009: 295) is defined as the point of view to the 

learning process. By Expected approach makes the students be active during the process of 

learning and teaching. One of the approach is used Science Technology Society (STS). 

Where as Science Society Technology is a new trend in science education. At first, Science 

Society Technology is over come in the United Kingdom and the United States that now 

addapted in some country including Indonesia. 

Tampubolon (2011: 37) the essential approach of Science Technology Society 

(STM) is an approach that always associates of science, technology and its benefits for 

society. This learning approach can train the student sensitivity in assessing the 

environmental impact as a result of the development of science and technology. Karli & 

Sriyuliariatiningsih (2002: 28), learning proses becomes more attractive when raises issues 

that are happening in the community with a focus on students, using an approach known as 

Science Technology Society (STS). 

Critical reconstruction requires students to understand the impact of science and 

technology which is product by human ingenuity that gives positive and negative effects. 

In other words, the approach of Science, Technology, Society, is the way of learning 

including human experience, social issues, technology and society, so that the learning 

proses becomes real. By using STS, students were brought directly to study the object to 

learn, to feel the real problems through the learning process, making learning more 

meaningful. 

Based on yhe above thory can be conclude that the laerning model Science 

Tehnology Society is a very close relationship and mutual dependence on one onother , in 

which to raise issues that accur in society to do wich science and technology and 

continuously developing . States with the are. This learning model to anticipate the gap 

between science and technology is growing in line with the needs of society as users of 

science and technology.  

  

C. ENVIRONMENTAL  BASED LEARNING 
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 Science learning will be more meaningful done directly at an environmental learning 

center. By these learning students will better understand the environment itself, giving rise 

to an attitude of caring about the environment. The amount of environmental damage that 

occurred in Indonesia has become one of the concerns, which we as educational actors 

should be able to solve it by applying a lesson that can make the learners aware of the 

environment. According BNPB (2011: 3) natural disasters that occurred in Indonesia are 

mostly caused byhumans. 

By using environment-based learning, which means we take on the role of the 

environment in the learning process. Djohar (1985: 12-13) states that the nature around or 

laboratory can be used as a place of exploration of objects and phenomena of nature as well 

as a development of student creativity. Further explained by Tillar (1999: 42-43) that the 

environment is a source of learning (learning resources) that tops and main. Without the 

environment so the learning process cannot produce results. Semiawan (1992: 14) states 

that learners will easily understand the concept of complex and abstract, according to 

learning process accompanied by concrete examples  the circumstances with the real 

enviromnental condition, they learn much. 

Based on the above theory can be inferred based learning is a learning environment 

that uses the environment as a learning resource that is abstract knowledge can be more 

easily understood learners with concretize way through the examples in accordance with 

the environmental conditions at the time. 

 

D. NATURE OF CHARACTER EDUCATION 

The last few years of education in Indonesia has experienced several times the 

changing of the curriculum, started from curriculum based Competence (CBC), which is 

arranged by the Education Unit Curriculum (SBC), and 2013 within their curriculum set 

forth in Law No. 20, 2003 on National Education System Article 3 states that the National 

Education serves to develop the ability and character development and a dignified 

civilization in the context of the intellectual life of the nation. The strong and strength 

Character formation of students believed to be an important and absolutely possessed 

students to face the future challenges of life. 

Character education is the education of the pressing of the importance of character, 

good attitude at school, home, and community. Characters associated with values, 

reasoning, and someone behaviour. KBBI interpreted as person character consist of the 

character, and behaviour itself, which is defined as psychological traits, morals or manners 

that distinguish one person to another. Medium according Lexmond & Reeves (2009: 14) 
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character is the quality of the uniqueness of an individual. From this description it can be 

concluded that the character is the character / nature of the uniqueness of each individual. 

In educational character is necessary to build character as carve or sculpt  in a way 

that is unique, interesting,and different and distinguishable soul with others. According 

cohabited, Suhady & Sinaga (2003: 59) the character development is a process / effort to 

build, repair / attempt to form character, character, traits psychological, moral (character), 

human beings (people), to show someone temperament and good behavior based on the 

values of Pancasila. Based on the above theory can be concluded that character building 

with regard to the development of the ability to self-learners to define the purpose of life 

where anything is good, to do, and what is bad to be avoided in carrying out her life. 

 

E. CHARACTER CARE ENVIRONMENT 

Humans are very dependent on the environment  that provide natural resources to 

survive. To form a human conscious of the importance of the environment for life it is 

necessary that businesses can develop, direct, and makes a person has a soul caring 

environment. Environmental concern  to preserve the plants from damage. 

Character formation is needed in efforts to overcome the problems encountered, to 

the need for environmentally conscious character in the next generation. The Character in 

caring environment is an attitude of a person to improve and manage the environment 

properly and useful, so it can be enjoyed continuously without damaging environment, 

helped maintain and preserve so that the benefits are sustainable. According Darmiyati 

Zuchdi (2011: 169) care for the environment is an attitude and ongoing actions that effort 

to  prevent damage to the environment and natural surroundings, efforts are being 

developed to improve the environmental damage that has occurred. Events Calendar (2010: 

10) defines the character of environmental care as an attitude and being actions which seeks 

to prevent damage to the environment and developing  effort to repair the damage that 

occurred. 

Purpose character of care for the environment are: (1) encourage the habits and 

behavior of learners were laudable and in line with the proper environmental management, 

(2) improve the ability to avoid properties that can damage the environment, (3) foster 

sensitivity learners to environmental conditions so as to avoid properties that can damage 

the environment, (4) managing soul caring and responsible towards the environment 

(Rakyatpos, 2015). 

Based on the above theory can be concluded that in shaping the character of care 

for the environment, there are three pillars, namely: (1) build character, personality, and 
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moral, (2) build multiple intelligences, (3) the meaningfulness of learning. Character 

environmental care is needed in efforts to address the environmental issues are increasingly 

complex, so that the next generation is more aware of the importance of the environment.  

 

CONCLUSION AND SUGGESTION 

To face the challenges of education in the 21st century are increasingly complex 

and challenging it is expected that the world of education to become a key in preparing a 

generation that is able to compete and educated generation in solving the problems around, 

including environmental issues are increasingly complex and global through the planting 

of character environmental care that invested in the process of learning so the students are 

trained their awareness and sensitivity to love their environment and nature as a source of 

knowledge. 

Science learning is learning that help students to get a deeper understanding of the 

nature around. On implementation many educators who had applied a science learning with 

several scientific approaches. But the process of science learning that emphasizes the value 

of the character still needs to be improved as a form of caring on environment remember 

that environmental problems are increasingly complex. 
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Abstract 

This research has been done to develop a Physics diagnostic test for detecting the weaknesses of 

university students’ Physics higher order thinking skills (PhysDiTHOTS) and to obtain the 

characteristics of the PhysDiTHOTS. The instrument blue print has been developed based on the 

aspects and sub-aspects of higher order thinking skills and was used to develop the items. The 

instrument consisting of 24 items was validated by Physics specialists, Physics education experts, 

and Physics educational measurement experts. The validated instrument was tried out to students of 

Physics Education Department,  Mathematics and Natural Science Faculty, Yogyakarta State 

University. The polytomous data were analyzed according to the partial credit model (PCM). The 

results show that the 24 items of PhysDiTHOTS are fit to the PCM, the reliability of the test is 0.77, 

the items’ difficulty indexes range from -0.97 to 1.87, and based on the information function and 

SEM, the test is very appropriate for measuring university students’ Physics HOTS of -1.6 to 3.0. 

Therefore, the PhysDiTHOTS is a good instrument and qualified to detect the weaknesses of 

university students’ Physics higher order thinking skills. 

 

Keywords: developing a Physics diagnostic test, HOTS, and PCM  

 

INTRODUCTION 

The quality of education contributes in determining the nation quality. To improve 

the education quality can be started by improving the learning quality. To improve the 

quality of learning can be begun by preparing appropriate learning objectives. One of the 

Physics subjects goals in senior high school is students have the ability to develop the skills 

in thinking inductive and deductive analysis using the concepts and principles of Physics 

to explain natural phenomena and resolve problem both qualitatively and quantitatively 

(BSNP, 2006: 160). Thus through the Physics learning, students are expected to be able to 

develop themselves in thinking. Students are required not only to have lower order thinking 

skills (LOTS), but also to have the higher order thinking skills (HOTS). 

With regard to highest order thinking skills, the facts show that the Physics 

achievement of Indonesia’s students is ranked 40 of 42 countries (TIMSS & PIRLS 

International Study Center, 2012: 48). The same thing is stated by Ridwan Efendi (2011: 

393) based on the results of TIMSS can be concluded as follows: (1) the average Capain 

Physics students Indonesia in terms of cognitive (knowing, applying, reasoning) is still low 
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and the ability of Indonesian students is on the average (still on the ability of knowing); (2) 

the tendency of Indonesian students' Physics achievement has always declined in each of 

the cognitive aspects. Indonesian students Physics capability must be improved in all 

aspects, especially reasoning aspect by way of supplying the students, the ability to think 

critically. This is supported by Edi Istiyono (2014: 152) that the higher order thinking skills 

of the senior high school (SHS)Physics students in DIY are in the level of very low, low, 

medium, high and very high respectively 1.91%; 16.03%; 61.11%; 20.75%; and 0.19%. 

Thus, the Physics achievements of SHS students require higher order thinking skills, on the 

national science internationally brackish low. Low Physics learning achievement may 

becaused of the improper learning process or improper model assessment. 

With regard to Physics higher order thinking skills in senior high school, it is 

certainly related to the applied learning model. The learning model is dominantly 

determined by the Physics teacher. If the Physics teachers do not implement learning that 

require higher order thinking skills, the students’ higher order thinking skills also will not 

develop. 

On the basis of the description, ideally Physics teacher’s higher order thinking 

skills need to be investigated. It is more beneficial to develop learning Physics for Physics 

teacher candidates. If the student teachers used to experience learning which requires the 

ability to think critically, then when they become teachers, they will apply the learning that 

demands a higher order thinking skills as well. Thus, it is necessary to develop a diagnostic 

Physics test for higher order thinking skills students (PhysDiTHOTS) to test students of 

teachers candidate’s weaknesses of Physics higher order thinking skills. The result of the 

test determines the weaknesses on sub-aspect and the aspects of higher order thinking skills. 

On that basis, a model of learning can improve the Physics higher order thinking skills. In 

this paper, the development of the diagnostic Physics test for higher order thinking skills 

students will be discussed. 

Based on Piaget's development theory, the formal operational stage is a stage of 

children since eleven years old. At this stage, the children have begun to develop the ability 

to manipulate abstract concepts through the use of propositions and hypotheses (Piaget, 

2005: 122 and Reedal, 2010:7). The university students are between 19 to 25 years, so that 

their higher order thinking skills have been established. 

Bloom’s taxonomy has been applied in the education. It is still used in many 

curricula and teaching materials (Brookhart, 2010: 39; Schraw and Robinson, 2011: 158-

159). The revised Bloom’s taxonomy divides the cognitive aspect into lower order thinking 

skills (LOTS) and higher order thinking skills (HOTS). LOTS includes the ability to 
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remember, understand, and apply; while the HOTS includes the ability to analyze, evaluate, 

and create (Anderson and Krathwohl, 2001:30). Thus the HOTS in Physics includes 

Physics abilities, i.e. analyzing, evaluating, and creating. 

Brookhart (2010:5) defines higher order thinking skills (HOTS)as follows: (1) 

higher order thinking is at the top of Bloom's cognitive taxonomy, (2) the purpose behind 

teaching cognitive taxonomy is to teach the students how to transfer the knowledge, (3) 

able to think means that students are able to apply the knowledge and the skills they 

developed while studying a new context. In this case, the term "new" is a concept 

application that has not been learnt before by the learners. It means that the universal is not 

actually something new. Higher-order thinking means the ability of students to connect 

learning with other things that had never been learnt. 

Nitko and Brookhart (2011:223) describe the basic provisions of the assessment as 

the ability to use higher order thinking tasks that require the use of knowledge and skills in 

new situations. It is necessary to use new materials to assess the higher order thinking skills. 

One of them is by using sets of items that depend on the context. To test the students' ability 

weaknesses is by a diagnostic tests. Diagnostic tes can indicated how current performance 

differs from expected performance. It can be used to identify speific problems that a student 

may be experiencing  (Weeden, et all, 2002: 20). Thus, PhysDiTHOTS is expected can to 

detect students' weaknesses for Physics higher order thinking skills. 

There are some disadvantages of multiple choice test, they are:  (1) the students’ 

chances to guess the answer is still quite large and (2) the students’ thinking process cannot 

be seen clearly (Sujana, 1990:49 ). Therefore, essay test is a better alternative test. 

Assessment based on the stages had done by the examinees. Although only just 

completed the initial stage, the examinees had to get the value. The highest value of course 

obtained when the examinee had completed all phases of the exam. The assessment 

procedure is similar with how individuals respond to the items in the psychological scale. 

For example, an item that provides four categories of responses such as  'never', 'rarely', 

'often', and 'always ' analogous to the completion stage. Just about to finish the first stage 

is analogous to the category of 'never', while when it comes to the final stage, analogous to 

the category of 'always'. This assumption was later developed into a partial credit model 

(PCM). When it is assumed that a partial credit item follows the pattern of higher ability, 

students are expected to have higher scores than ones who have a low ability (Widhiarsa, 

2010: 6). According to Wright & Masters, PCM is also appropriate to analyze the response 

the measurement of critical thinking and conceptual understanding in science (Linden & 

Hambleton, 1997: 101-102) 
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Based on the above, from various types of written test, essay test is a good one to 

explore the weaknesses of the university students’ Physics higher order thinking skills. To 

detect weaknesses of  higher-order thinking skills, a test namely Physics Diagnostic Test 

for Higher Order Thinking (PhysDiTHOTS) is used. So that we need to develop the Physics 

diagnostic test for higher order thinking skills (PhysDiTHOTS). Based on the description 

in the future, the goals are to : (1) develop the Physics diagnostic test for detecting the 

weaknesses of university students’ Physics higher order thinking skills (PhysDiTHOTS) 

and (2) obtain the characteristics of the PhysDiTHOTS.  

 

RESEARCH METHOD 

This research is the development research with quantitative approach. The 

instrument of this research is the modified model of the Wilson Model and Antonio 

Oriondo.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The test instrument development used was a modified form of the Wilson and 

Antonio Oriondo model, consisting of: (1) the design of the test; and (2) the tryout test. The 

test design phases included: (1) the determination of objective tests, (2) the determination 

of competency to be tested, (3) the determination of the tested material, (4) the preparation 

Figure 1.  Steps of The Instrument Development  

The implementation of the tryout. 

Analyzing of Tryout Data  

The establishment of try out subjects 

The determination of objective tests 

The determination of competency to be tested 

The determination of the tested material 

The preparation of test blue print 

The writting of items based on the principles of HOTS Diagnostic test development  

 

Test content validation process 

The repairing the items and assembling the test 

The preparation the scoring guidelines 

Test Assebling  
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of blue print test, (5) the writting of items based on the principles of HOT test development, 

(6) the preparation of   the scoring guidelines, (7) the preparation of test validation and (8) 

the repairing of the items and the assembling of the test. The stages of the development of 

the test are presented in Figure 1. The try out included: (1) the establishment of try out 

subjects; and (2) the implementation of the tryout. 

According to some measurement experts IRT analysis requires sample size from 

200 to 1000 people (Seon, 2009: 3). Reckase (2000) concludes that the minimum sample 

size for estimating the three parameters, which includes discrimination, the difficulty index, 

and pseudoguessing, is 300 (Haladyna, 2004: 206).Therefore, in the research with the PCM 

model of 1PL, the total students for the tryout subjects 271 are more than enough.  

 

RESULT AND DISCUSSION 

Result of The Test developed 

The PhyDiTHOTS instrument consists of 24 items. The test included (1) sub Physics 

matter: mechanics, heat, vibrations and waves, optics, electrics, magnet and (2) sub-aspect 

of HOTS: analyze, evaluate, and create. The items distribution is presented on Table 1. The 

PhyDiTHOTS was validated by experts judgments.  

The description of the PhyDiTHOTS has been done before the try out. The try out was 

conducted to 271 students of Physics Education Department,  Mathematics and Natural 

Science Faculty, Yogyakarta State University. The responses of the students then were 

assessed and scored by the respondents (examinees).  

Table 1. The distribution of PhyDiTHOTS Item in Fundamental Physics 

 

Aspect 

 

Sub-aspect 

Matter in Fundamental Physics (No Item) 

Mechanic

s 

Heat Ascilation 

and 

Waves 

Optics 

 

Electrics Magnet 

Analyze Differentiatin

g 

1  9   21 

Organizing  5  13 17  

Attributing  6 10   22 

Evaluat

e 

Checking 2   14  23 

Critiquing  7 11  18  

Create Generating 3   15  24 

Planning 4  12  19  

Producing  8  16 20  
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Instrument Validity 

A test for the instrument of validity for the overall test and each item was carried 

out. A validity test was conducted by using Adam Khoo design (1996:30) based on the 

mean value of INFIT Mean Square (Mean INFITMNSQ) and its standard deviation. If the 

average INFIT MNSQ standard deviation approximately 1 and 0.0, then it means the test 

fit with PCM. The INFITMNSQ is 1.01 (about 1) and the standard deviation is 0.10 

(approximately 0.0), therefore the overall test fits with 1 PL PCM. 

The validity of the item and testee is determined that an item or testee is fit by 

models with boundary MNSQ INFIT range from 0.77 to 1.30. The MNSQ INFIT values of 

items ranging from 0.82 to 1.19. Thus, 24 items are fit with PCM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Difficulty Index  

The items’ difficulty index were from -0.97 to 1.87 with the average of 0 and the 

standard deviation of 0.35. So that based on the level of difficulty (-2.0 < b < 2.0), all of 24 

items were good. Based on Figure 3, the order of item difficulties index of each aspect is 

analyzing, evaluating, and creating. 

 

 

 

 

-0,50

-0,40

-0,30

-0,20

-0,10

0,00

0,10

0,20

0,30

D
if

fe
re

n
ti

n
g

O
rg

an
iz

in
g

A
tt

ri
b

u
ti

n
g

C
h
ec

k
in

g

C
ri

ti
q

u
in

g

G
en

er
at

in
g

P
la

n
n

in
g

P
ro

d
u

ci
n

g

It
em

’s
 D

if
fi

cu
lt

ie
s 

in
d

ex

 

Figure 2. Infit MNSQ of items 
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Figure 4. Information Function and SEM 

 

 

 

 

 

 

 

 

 

 

 

Reliability 

Based on the analysis, the reliability of the instrument (test) is about 0.77. 

Reliability value is qualified as good instrument. 

Information Function and SEM  

Based on the data analysis, it obtains the information and the standard error of 

measurement (SEM). From The Functions information and SEM presented in Figure 4. The 

test is suitable for the students whose ability (θ) is high, i.e. -1.6 ≤ θ ≤ 3.0. This is in line 

with the purpose of the developed instrument to measure Physics higher-order thinking 

skills. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

PhysDiTHOTS reliability is 0.75. It means that the test is good. It is categorized to 

Figure 4. Item’s difficulty Index of Each Aspect and Sub-aspect Instruments 

 

-1.6 
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be good, if the test has a reliability coefficient more than 0.65 (Mchrens & Lehman (1991: 

263). In addition, the information function is relatively high (ranging from -2.6.0 to 3.0). 

This means that this instrument has high strength and reliable because it is composed of 

items that have high information function (Hambleton and Swaminathan, 1985: 94). Based 

on the reliability coefficient, the test information functions, and parameter estimation, 

PhysDiHOTS is realiable and has high stability. 

Content validity of the test has been proven by expert judgment. Empirically 

verified the validity of the validity of the partial credit model (PCM). Based on Table 2, the 

average value and the standard deviation of INFIT MNSQ are 1.00 each (about 1) and 0.10 

(about 0) , then the test also fit to 1 PL PCM. This means that the test is empirically valid. 

This is supported by all the items which have values ranging from 0.82  and 1.19 which 

lies between the limits of receipt of the item using INFIT MNSQ or fit according to the 

model (ranging from 0.77 to 1.30). It means that all items fit all of 24 items. This is caused 

by several things, such as: (1) the items were developed according to the correct 

development instruments procedure item, (2) the items were developed from indicators 

derived from aspects of high order thinking skills and materials Physics, (3) the content 

validity of the test which consists of 24 items has been tested by expert judgment, and  (4) 

the respondents (students) were tested under the lecturer’s supervision. 

According to Hambleton & Swaminathan (1985:36), the items’ difficulty index are 

good if they varied from 2.00 and 2.00. Items with  difficulty index of  -2.00 indicates that 

this is very easy, while the difficulty index of 2.00 means that the item is very difficult. 

Thus, based on the item’s difficulty index the instruments (from -0.97 to 1.87) are good. 

 

CONCLUSION AND SUGESSTION 

Conclusion 

Based on the analysis, the conclusions are as follows: 

1. PhysDiTHOTS instrument was developed on university students’ abilities to analyze, 

evaluate, and create and on sub Physics matter: mechanics, heat, vibrations and waves, 

optics, electrics, magnet. The PhysDiTHOTS instrument is an essay test that consisted 

of 24 items. 

2. Characteristic of PhysETHOTS are: 

a. PhysDiTHOTS has content validity provided by expert judgment and empirical 

evidence has been fitted with Partial Credit Model (PCM) based on four categories 

of polytomous data. 
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b. The difficulty index all items of PhysDiTHOTS is in good the criteria (in the range 

ranging from 2.00 to 2.00). 

c. PhysDiTHOTS reliability is qualified.  

d. Based on the information function and SEM, PhysDiTHOTS is very appropriate 

for measuring university students’ higher order thinking skills Physics of -1.6 to 

3.0. 

 

Sugesstion 

Based on the analysis, it is recommended. 

1. Lectures can implement PhysDiTHOTS to detect the weaknesses of students’ higher 

order thinking skills. 

2. Further research can be done using the data analysis by generalized partial polytomus 

credit model (GPCM 2PL). 
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Emanuel Nurcahyanto*, Supahar  

Yogyakarta State University, Indonesia 

 

Abstract 

This paper discuss about development of STEM-Based Performance assessment in 

Physics learning for creative thinking skills. Creative thinking skill is part of soft skill in 21st 

century learning. Creative thinking need to develop for face advance in society, environment, 

technology, and science. Real world problem that happened by student is a complex problem 

that need not only science literacy but also creativity. Integration of STEM literacy in learning 

bring Physics into contextual domain. In that case, Science is defined as physics with concept 

that can be applied in student live, Technology as tools which can help conceptual finding, 

Engineering as physics project in order to modified a technology, and Mathematics that used 

to help calculate any physics quantity. Creative thinking skills includes process and product, 

so it takes more than assessment tests to measure creative thinking skills as a whole. 

Performance assessment is authentic assessment designed to assess input, proses and output. 

Performance assessment used in this study contains tasks which is based indicators of 

creative thinking. Students are required to use literacy of STEM to solve the tasks, so they 

would accustomed to be complex thinker and creative thinker. In that case, performance 

assessment can measure and also constructed students creative thinking skills. Performance 

assessment draws on a methodology that follows a cyclic procedure for instrument 

development and validation, where literature, experts, students and educators contribute in 

the procedure. 

Keywords: Performance assessment, STEM, Creative Thinking Skill 

 

INTRODUCTION 

Competition workplace of the 21st century increasingly large as the impact of 

globalization. The globalization occurs in almost all nations in the world today, therefore 

Indonesia as part of the nation was also affected of globalization must prepare its people, 

especially the younger generation, in order to face the competition in the 21st century 

workplace. The international workplace competition is also felt in Indonesia after the 

emergence of the agreement AEC (ASEAN Economic Community). AEC agreement made 

by Indonesia government aims to increase the number of professional workforce. Recent 

research from the International Labour Organization, or ILO mentioned the opening of 

labor markets brought great benefits. ILO (BBC, 2014) specifies that the demand for 

professional workforce will increase by 41% or about 14 million. While the demand for 

labor middle class will be up 22% or 38 million, while the workforce increased by 24% a 

low level, or 12 million. To meet the demand for professional workforce, it is necessary to 

increase the capabilities and skills of the 21st century for the young generation. 

The main preparation to prepare young people for the challenges of globalization 

is education. Education is required to prepare the younger generation in achieving 
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competencies that are needed in today's workplace. Educators as the spearhead of education 

should develop the necessary skills of learners in life. National Science Teachers 

Association, NSTA (2011) stated that every educator who in education environments must 

develop 21st century skills are consistent with best practices instructional that include 

curriculum development, pendagogi, teacher preparation in learning and teacher 

professional development. 

Increased skill and ability for young prospective workers is the responsibility of 

education. Education is an integral part of the process of preparation of qualified human 

resources, strong and skilled. Through education, the candidate will obtain a quality 

workforce, productive, and competitive. 

Workforce in the 21st century takes more than knowledge, but also creativity. 

International institutions Partnership for 21st Century Skills calls for creativity and 

innovation as one of the essential skill sets of future citizens. Baety (2011) also mentions 

that creativity is the most important skill in the 21st century According to Fisher (1990), 

creative thinking is one of the important aspects of thinking skills. Creative thinking ability 

is indispensable students to face the future that have complex problems. Fisher (2005) says 

that creative thinking skills are essential for success in learning and success in life. 

Creativity prepare them with flexible skills that they will need to face an uncertain future 

(Wang, 2011). 

Education in Indonesia should apply a system of learning that prepares students in 

develop creative thinking skills to face the work place competition. Improving the 

education system can be implemented through the improvement of learning systems and 

assessment system. Discrepancies learning system and assessment system would result in 

suboptimal educational system. 

In fact, educational or teaching activities in schools have not been fully facilitate 

students to develop creative thinking skills. There are still many schools that only 

implement the learning process with the students as recipients of a number of information 

without much to develop the skills they need to participate in the real world, such as 

creativity. 

Contextual learning system that emphasizes the concept of the invention will 

facilitate the creative thinking skills development. This is consistent with the essence of 

learning physics as one of the Natural Sciences that emphasizes of collection the mastery 

of knowledge (facts, concepts, or principles) and the process of discovery. Creativity is a 

complex psychological aspects, creative thinking skills includes a series of processes and 

final product. Hence creativity assessment performed by the various instruments and 
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carried out continuously (Semirwan, 2008). 

Creative thinking is included in pattern of divergent thinking, so that the 

assessment process can not be done simply by a convergent test that is often used today. 

The assessment process of creative thinking as stated by Osborn & Parnes (Khatena, 1992) 

must noticed an assessment of the various ideas that emerged and also followed up with an 

evaluation based on the criteria of value and role. Therefore needed assessments can assess 

the whole aspect of the product and aspects of the learning process. 

 

DISCUSSION 

Creativity in Physics Learning 

Creativity is a complex construct but the importance of identifying and facilitating 

creativity in educational system has been widely recognized (Diakidoy & Constantinou, 

2001). To identifying and facilitating creativity in education setting requires an 

understanding of creativity by educators and education practitioners. Meanwhile, according 

to Piaget (Neira & Soto, 2013) Creativity is the ultimate form of the game symbolic childs, 

when the symbols are assimilated in their mind. Guilford (1950) defines creativity as the 

capacity or ability to generate alternative answers of the problems was given, with an 

emphasis on variety, quantity and relevance of results. Guildford’s early research (1959, 

1986, 1988) identified divergent thinking components which were quickly appropriated for 

creativity assessment. Fluency, flexibility, originality, and elaboration are Guildford 

categories commonly encountered for rating student creative performance. Creativity 

assessment is made difficult by many things some about the nature of creativity. One of the 

most fundamental questions in creativity theory and research is the issue of domain 

specificity (Baer & McKool, 2009). creativity for specific domains might differ from the 

indicators of creativity in other domains. The difference is situated on specifications and 

characteristics of the domain of science itself. in that case, the creativity from the 

perspective of art may differ with creativity in physics as natural science. 

The structure of scientific creativity in Natural Science education by (Hu & Adey, 

2002: 392) described as follows: 

(1) Scientific creativity is different from other creativity since it is concerned with 

creative science experiments, creative scientific problem finding and solving, and 

creative science activity.  

(2) Scientific creativity is a kind of ability. The structure of scientific creativity itself 

does not include non-intellectual factors, although non-intellectual factors may 

influence scientific creativity.  



 

90 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

(3) Scientific creativity must depend on scientific knowledge and skills.  

(4) Scientific creativity should be a combination of static structure and developmental 

structure. The adolescent and the mature scientist have the same basic mental 

structure of scientific creativity but that of the latter is more developed.  

(5) Creativity and analytical intelligence are two different factors of a singular function 

originating from mental ability. 

based on the above statement is known that the preparation of indicators creative 

thinking skills in the learning of physics need to pay attention to the characteristics of 

physics as a natural science. application of creative assessment for physics learning can 

help familiarize students to think creatively. it is in line with research conducted by (Kohl, 

Kuo, Kowalski, & Kowalski, 2010) Physics student performance on the Torrance tests 

definitely changes after an elective course on creativity, though it is not completely clear 

that the gains come from instruction.  

 

Performance assessment base on STEM Approch 

Performance assessment is process of assessment implemented by observing the 

activities of students in doing something.This technique is especially suitable for assessing 

achievement of competence mastery learning requires students to perform tasks. According 

to Jo Anne Wangsatorntanakhun quoted (Zainul, 1999:99), stated that performance 

assessment consists of two parts: "Clearly defined task and a list of explicit criteria of 

assessing student performance or product". Further stated also that performance assessment 

is realized based on the "four assumptions" principal, is: (1) Performance assessment is 

based on the active participation students, (2) The tasks given or done by students is an 

integral part of the overall learning process (3) Performance Assessment is not only to 

determine the position of students at some point in the learning process, but also to improve 

the learning process itself. (4) By knowing in advance the criteria that will be used to 

measure and assess the success of the learning process. Jonsson and Slingby (2007: 131) 

states that the performance assessment designed to examine aspects of the more difficult to 

understand in the learning process by letting students solve problems in a realistic or 

authentic. 

Stecher (2010: 3) defines a structured task performance is a situation in which the 

stimulus material and requests for information or action presented to the students, which 

produces a response that can be assessed using the quality standards explicitly. The standard 

may apply to the final product or the process of creating scientific products. A performance 

appraisal is a collection of task performance. Oberg (2009) stated that the assessment of 
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performance, offering a variety of ways for students to demonstrate what they know about 

the content, as well as the students explain additional set of skills in the classroom. 

 

STEM Education 

STEM education is an approach to teaching and learning that integrates the content 

and skills of science, technology, engineering, and mathematics (Maryland, 2012). Use of 

System approach in education aim to prepare students be able to compete and ready to work 

as field studies. STEM approach has the main principles related to communication, 

materials, ability to solve problems (problem solving), integration, technology and careers. 

Six key principles are summarized in science as materials, technology as a product of 

science, engineering as the ability to apply science and math components as a liaison 

between the components. The four components that include Science, Technology, 

Engineering and Mathematics is expected to be mastered by the learners so that they can 

properly career. (Bybee, 2010). 

STEM literacy refers to the ability of a person to apply an understanding of how 

strict the competition works in the real world that requires four interrelated domains. 

National Governor's Association Center for Best Practices (2007: 7) define STEM literacy 

according to each of the four inter-related fields of study is, 1) Science Literacy as the 

ability in using science and applying contextual problem solving solving. 2) Technology 

Literacy as know how to use new technology which developed, undertanding new 

technology which developed, and have an ability to analisis how the technology give a 

significant effect in society life. 3) Engineering Literacy as understanding about how 

technology which developed by using engineering desaining process  will use in study 

based project which integrate in every subject. 4) Mathematics Literacy as the abilty of 

student to analyze the reason and to communicate an idea effctively because of activate the 

students to formulate, to solve, and to construct the meaning as a solution of mathematic 

problem in every condition. 

Besides developing knowledge in science, technology, engineering and 

mathematics, the integration of STEM education also seeks to foster soft skills such as 

scientific inquiry and problem solving skills. By improving problem solving skills with the 

support of scientific behavior, to the integration of STEM education seeks to build a society 

that is aware of the importance of STEM literacy. Literacy "STEM refers to the ability of 

individuals to apply the understanding of how tight the competition works in the real world 

that requires four interrelated domains. 

Development Performance Assessment Based on STEM for Creative Thingking Skill. 



 

92 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

Assessment of creativity include learning characteristics associated with High Order 

Thingking and a high level of skill as well (Semiwan, 2008). Performance assessment is an 

assessment that is capable of assessing aspects of products and processes in learning 

because it uses various forms of tasks to obtain information about what and how much 

material has been studied students. performance assessment requires students to complete 

tasks using knowledge and skills performance that is embodied in the form of deeds, actions 

or performance. Kohl, Kuo, Kowalski, & Kowalski (2010) note that tasks that are explicitly 

focused on creativity are not common in a students’ experience. get students to better 

understand the creative process by considering the measurement problem, and second, to 

solicit student ideas for creating a usable physics- specific instrument. So performance 

assessment are developed at STEM approach based on physics measurement and usable 

physics- specific instrument will facilitate students to understand creative processes.  

Using STEM approach in physical learning is able to solve a problem contextually. 

Real-world problems can be explained through interdisciplinary integration in STEM. 

Wang et al. (2011) describes in combining cross-curricular content at critical thinking, 

problem-solving skills, and knowledge to reach a conclusion. Multidisciplinary integration 

requires students to connect the content of a particular subject, but the integration of 

interdisciplinary focusing students attention on the problems and combines the content and 

skills from various fields. 

Performance assessment have more points when compared with traditional assessment. 

The advantages can be summarized as follows: 1) students can demonstrate a process; 2) a 

process which demonstrated can be directly observable; 3) provide a more complete 

evaluation and natural for some kinds of reasoning, verbal ability, and physical skills; 4) 

the existence of an agreement between teachers and students about assessment criteria and 

the tasks to be done; 5) assess learning outcomes and skills are complex; 7) gives a great 

motivation for learners; and 8) encourage the application of learning in real life situations 

(Airasian, 1991). 

Performance assessment is an assessment that is appropriate to develop divergent 

thinking patterns learners. Performance assessment will assess any activity undertaken by 

learners so that students will be more motivated to be active and berinofasi in learning 

activities because they feel any activity that meraka doing appreciated in the assessment. 

The tasks arising from performance assessment can be drawn up contextually, close to the 

lives of students and highlight real-word problem. The task will provide a space for students 

to innovate in finding solutions to problems that can stimulate and develop divergent 

thinking patterns learners. 
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In his research mitchell (1976) develop creative thinking indicators that have been 

submitted by Guilford's into fourteen basic elements of creative behavior. include 1) 

development of humor, 2) Fluency, 3) Flexibility, 4) Originality, 5) Elaboration, 6) Self-

Concept, 7) experimenting with and Testing Ideas and Huences, 8) Learning Form Failure, 

9) Tolerance of ambiguity , 10) Resourcefulness, 11) Problem Sensitivity, 12) Synergy, 13) 

Imagination, 14) Imagination. In practice teacher must first choose the appropriate 

curricular area to be Considered. In this case, physics emphasizes the ability to analyze 

problems in the experiment, the ability of humor does not prioritized in learning. So that 

students may not bring up all the creative attitude in general, but specifically scientific 

creative behavior. 

Assessment of performance that already includes some indicators of creative 

thinking skills which implemented in the learning process and also adapted STEM 

approach. Indicators of creative thinking skills that had been developed in the assessment 

of performance into a series of systematic performance that shoul be done by a student in 

the learning process. Based on set of performance assessmet series, student integrate the 

fields of science, technology, engineering, and mathematics which applied in the 

assessment to solve physics problems. It’s clear to conclude that the idea of STEM-based 

performance assessment can develop critical thinking skills of students. This explanation 

can be seen in Figure 1. 

 

 

 

 

 

 

Figure 2 presents the cyclic nature of the STEM-based performance assessment 

development. The definition of Creative Thinking in the center of the cycle is in regard to 

both the abilities that constitute it and the items that measure it. Involved parties (experts, 

educators, students and existing literature), provide feedback on Systems Thinking 

definition through data that define the test’s validity and reliability.   

 

Figure 1 Modelling Performance 

Assessment Based STEM in Physics for 

Student’s Creative Thinking 
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Figure 2 Development procedure for STEM-Based Performance Assessment 

 

CONCLUSION AND SUGGESTION 

Physics learning based on instructional expected to produce students who have the 

competence and skills. Creative thinking skills is one of the skills needed in the 21st 

century. Performance assessment based on STEM is the idea that direct students to promote 

their creative thinking skills. Tasks in performance assessment can be arranged 

contextually, close to the student life and highlights the real-word problems. Tasks will 

provide a space for students to innovate in finding solutions to problems that can stimulate 

and develop student’s creative thinking patterns. The performance assessment used in this 

study was designed to include indicators of creative thinking skills systematically. Students 

are required to apply the use of STEM skills for the purpose of promoting their creative 

thinking skills as required to meet a set of performance assessment indicators. Performance 

assessment is an integral part of the whole process of learning, and assessment are used not 

only limited to knowing the position of the students in the learning process but also improve 

process belajar students. Improvement of student learning can be done by providing STEM-

based performance assessment continuously in the learning process, so that the patterns of 

creative thinking that will be formed in students. 
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PROJECT-BASED LEARNING MODEL TO EQUIP STUDENT’S ICT 

LITERACY 
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Abstract 
This papers aims to describe the project-based learning model in science 

learning to  equip student’s ICT literacy. In the era of nitizen especially in 

education, students are required to be creative, innovative and responsive to 

changes in the 21th century. Project-based learning is one of 21th century  model 

that is expected to be an alternative in science learning. Model Project-Based 

Learning gives students the opportunity to using science and technology. Project-

based learning model is a learning model that departs from a constructivist 

framework that sees the learning process as an active and meaningful 

investigation with the knowledge built by students. Project-Based Learning 

begins with the assignment to students to carry out exploration, assessment, 

interpretation, synthesis, and information to produce various forms of learning 

outcomes. Project-based learning can be applied in science class to equip 

student’s ICT literacy. ICT literacy is one the aspects of 21th century competence 

that must be possessed by student to prepare for the challenges of the 21th century. 

 

Keyword: science learning, project-based learning, ICT literacy 

 

INTRODUCTION 
In the era of netizens, especially in the education, students required to be creative, 

innovative and responsive to changes in the 21th century as defined by Schaeffer et al. 

(Magaña & Frenkel, 2009: 1) "A child entering the new century will Likely face more risks 

and uncertainties and will need to gain more knowledge and master more skills than any 

generation before" This statement shows that entering the 21th century student prosecuted 

to learn more. In the 21th century, students will face the risks and uncertainties in line with 

the development environment so rapidly, such as technology, science, economics and socio-

culture, so that students are required to learn more and be proactive in order to have the 

knowledge and skills / expertise are inadequate, especially in the field of information 

technology (ICT). The importance of mastering ICT so that this aspect is included in one 

of the competencies of the 21th century. 

Competence of the 21th century is divided into 3 categories: foundational 
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knowledge (to know), meta knowledge (to act), and humanistic knowledge (to value) and 

ICT literacy is one aspect of the foundational knowledge (Kareluik et al., 2013). Given the 

importance of knowledge of students on ICT literacy for students so teachers can 

implement e-learning in science class. e-learning is expected to allow the students to have 

the knowledge and technological literacy (ICT literacy) and allow students to learn without 

being limited space and time. based on the results of a survey on the use of information 

technology to the junior high school teachers in science classes in Indonesia, showed that 

the use of ICT in teaching was low (Sumintono: 2012). Therefore, we need a model that 

can facilitate learning so that students have the ICT literacy. One learning model suggested 

in 2013 curriculum is project-based learning model.  

Model Project-Based Learning provides the opportunity for students to be able to 

harness science and technology. Model Project-Based Learning is a learning model that 

departs from a constructivist framework that sees the learning process as an active and 

meaningful investigation with the knowledge built by students. Project-based learning 

begins with the assignment to students to carry out exploration, appraisal, interpretation, 

synthesis, and information to produce various forms of learning outcomes (Hosnan, 2014: 

319). Project-Based Learning is a learning suggested in the 21th century and have 

compatibility with the scientific approach, which is a requirement of the curriculum 2013. 

Bender (2012: 1) states "Project-based learning has emerged as one of today's most 

effective instructional practices. In PBL, students confront real-world issues and problems, 

collaborate to create solutions, and present Reviews their result ". Model Project-Based 

Learning has stages 1) ask questions that came from around the phenomenon and define 

the problem; 2) develop and use models; 3) analyze and interpret the data, and then use 

mathematical, information, computer technology and computational thinking; 4) build an 

explanation, participated in the opinion of the evidence; and 5) acquire, evaluate and 

communicate information. These stages indicate that the project-based learning shows the 

relevance and appropriateness to the scientific approach that characterized observe, ask, 

gather information, associates, and communicate. Learning science scientific-based 

learning approach is expected in 2013 in Indonesia and the curriculum requires students to 

have the skills of the 21th century in general and ICT literacy in particular. 

 

DISCUSSION 

What is Project-Based Learning Model? 
NYC Department of Education (2010: 8) stated "Project-based learning is the 

instructional strategy of empowering learners to pursue knowledge on their content" means 

that the learning strategies empowering students to pursue their own content knowledge 
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and demonstrate their new understanding through various models of presentation. Barrel, 

Baron & Grant (Bender, 2012: 8) explain the meaning of Project-Based Learning as "using 

authentic, real-world project, based on aa highly motivating and engaging question, task, 

or problem to teach student academic content in the context of working cooperatively to 

solve the problem ". Tamim and Grant (2013: 74) stated "PBL is not simply an Intructional 

a model that aims at gaining knowledge about specific content areas, but it is one that 

targets the building of the learner as a whole". According Hosnan (2013: 320) Project-based 

learning is a learning method that uses matter as a first step in gathering and integrating the 

new knowledge based on experience in the real dialam activity. Project-based learning is 

designed for use on complex issues that needed lesson in investigating and understanding. 

Blumenfeld et al. (1991: 369) stated that the Project-based learning is a 

comprehensive approach to teaching and learning that is designed so that students doing 

research on real problems. Referring to some expert opinions can be understood that the 

project-based learning is a learning model that uses the project / activity as a means of 

learning to achieve competence attitudes, knowledge, and skills. Emphasis is focused on 

the learning activities of students to solve problems by applying the skills of researching, 

analyzing, creating, to present the products of learning based on real experience. This 

strategy allows students to work individually or in a group to construct authentic products 

originating from the real problems in daily life. 

 

What is Characteristic of Project-Based Learning? 
Characteristics of Project-based learning (NYC, 2010: 8): 

1) Leads students to investigate important ideas and questions  

2) Is framed around an inquiry process  

3) Is differentiated according to student needs and interests  

4) Is driven by student independent production and presentation rather than 

teacher delivery of information  

5) Requires the use of creative thinking, critical thinking, and information 

skills to investigate, draw conclusions about, and create content  

6) Connects to real world and authentic problems and issues 

According to the Buck Institute for Education project-based learning has the following 

characteristics: 

1) Students make their own decisions within the framework that had been found 

previously 

2) Students try to solve a problem or challenge that does not have a definitive answer 

3) Students participate in designing a process that will be pursued in the search for 
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solutions 

4) Students are encouraged to think critically, solve problems, collaborate, and tried 

various forms of communication 

5) The student responsible for finding and managing their own information they collect 

6) Experts in fields related to the project that is run frequently invited as a guest teacher 

in specific sessions to enlighten learners 

7) The evaluation is done continuously during the project 

8) Learners on a regular basis to reflect and contemplate what they have done both 

process and outcome 

9) The final product of the project (not necessarily in the form of material, but can be a 

presentation, drama, etc.) presented in public 

10) In the class developed an atmosphere of tolerance for mistakes and changes, as well 

as to encourage the emergence of feedback and revisions. 

Based on the literature, the characteristics of Project-based learning is as follows: 

1) Learning centered on learners, pearta students find problems and work together to 

solve problems 

2) Students are herded with questions or problems to produce 

3) Allows learners to gain experience and learn through inquiry / investigation 

4) Presenting an expert / specialist as guest teachers 

5) Products that are not just a huge market and evaluated qualitatively material 

6) The presentation of the product is accompanied by feedback from friends and teachers 

as well as reflection. 

 

What is the Syntax of Project-Based Learning? 
Hosnan (2014: 325) describes the Project Based Learning can be seen in Figure 1 

that the steps it is 1) determine the project; 2) designing step settlement; 3) the preparation 

of the project implementation schedule; 4) Evaluate the process and results of the project; 

5) Preparation of reports and presentation / publication of the results of the project; 6) the 

completion of the project with facilities and monitoring of teachers. 
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Figure 3. Steps of Project-Based Learning 
Steps in Project- based learning developed by George Lucas Educational Foundation 

(2007) consists of: 

1) Start With the Essential Question 

Learning begins with the essential questions, ie questions that can give assignments 

learners in an activity. Taking the topic in accordance with the reality of the real world 

and starts with an in-depth investigation. Teacher tried to keep the topic relevant to the 

learners. 

2) Design a Plan for the Project 

Planning is done collaboratively between teachers and students. So that the students are 

expected to be felt "had" the project. Planning contains rules, the selection of activities 

that can support in answering the essential question, by integrating a variety of subjects 

that may be, and to know the tools and materials that can be accessed to assist 

completion of the project 

3) Create a Schedule 

Teachers and students collaboratively draw up activity schedule in completing the 

project. Activities in this phase include: (1) create a timeline for completing the project; 

(2) create a project completion deadline; (3) bring students in order to plan a new way; 

(4) guiding students when they make a way not associated with the project; and (5) 

require students to make an explanation (excuse) on the selection of a way. 

4) Monitor the Students and the Progress of the Project 

Teachers responsible for conducting monitoring of the activities of students for 

completing the project. Monitoring is done by facilitating students in each process. In 

other words, the role of being a mentor teacher for the activity of learners. In order to 

simplify the monitoring process, created a rubric that can record all activities are 

important 

5) Assess the Outcome 
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Assessment is done to help the teachers in measuring the achievement of standards, a 

role in evaluating the progress of each student, giving feedback on the level of 

understanding that has been achieved by students, assist teachers in developing learning 

strategies next 

6) Evaluate the Experience 

At the end of the process of learning, teaching and the student reflect on the activity and 

results of projects already executed. The process of reflection is done either individually 

or in groups. At this stage the students were asked to express their feelings and his 

experience for completing the project. Teachers and students develop the discussion in 

order to improve performance during the learning process, so in the end found a new 

discovery (new inquiry) to address issues raised in the first step of learning. 

Based on the review of the literature can be understood that the syntax of project-

based learning as follows: 

1) Asking questions that come from the phenomena around and defining the problem to 

determine the projects that will be undertaken; 

2) Designing stages in completing the project; 

3) Develop a project implementation schedule; 

4) Collecting, analyzing, and interpreting the data and then use mathematical, information, 

computer technology and computational thinking. This activity is access to the internet, 

reading, researching, observation, interview, work, and visit the project object; 

5) preparing a report and results presentation 

6) Evaluation of the project and project results 

 

What is ICT Literacy? 

ICT literacy is one of the sub-categories that are included within the competence 

of the 21TH century. Competence of the 21th century has consisted of three competencies 

are foundational knowledge, meta knowledge and humanistic knowledge. Foundational 

knowledge subdivided into three subcategories: cross-disciplinary knowledge, core content 

knowledge and ICT literacy (Kareluik et al. 2013). Competency mapping 21th century can 

be seen in Figure 2.  
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Figure 4. Synthesis of 15 different 21st century learning frameworks into one 

visual image 

Table 1. Basic Elements of Digital Literacy 

BASIC ELEMENTS OF DIGITAL LITERACY 

Elements  Definitions  Competencies  

Access Knowing about and 

knowing how to collect 

and/or retrieve 

information. Search, find, 

and retrieve information in 

digital environments. 

Manage Applying an 

existing organizational or 

classification scheme. Conduct a rudimentary 

and preliminary 

organization of accessed 

information for retrieval and 

future application. 

Integrate Interpreting and 

representing information - 

summarizing, comparing, 

and contrasting. 

Interpret and represent 

information by using ICT 

tools to 

synthesize, summarize, 

compare, and contrast 

information from 

multiple sources. Evaluate 

Making judgments about the 

quality, 

relevance, usefulness, or 

efficiency of 

information. 

Judge the currency, 

appropriateness, and 

adequacy of information 

and information sources 

for a specific purpose 

(including 

determining authority, bias, 

and timelines of materials). 

ICT literacy is referred to as one of the skills necessary for success in the 21th 

century. ICT literacy is defined as the ability to effectively evaluate, navigation, and build 

information by using various digital technologies. ETS (2007: 2) states "ICT literacy is 

using digital technology, communications tools, and / or networks to access, manage, 

integrate, Evaluate, and create information in order to function in a knowledge society" 
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which means ICT literacy is that it can use digital technology, communication equipment, 

and/or networks to access, manage, integrate, evaluate, and create information that is useful 

for the knowledge society. Hague and Williamson (2009: 5) stated that ICT literacy means 

knowing how technology and media in the which Affect the ways we go about finding 

things out, communicating with one another, and gaining knowledge and understanding. 

CETF (2008: 3) defines ICT literacy is ability to use digital technology and 

communications tools, and/or networks to access, manage, integrate, Evaluate, create and 

Communicate information in order to function in a knowledge society. 

Based on the opinion of experts concluded that ICT literacy is the ability and the 

awareness that one has to use ICT technology appropriately obtained to access, manage, 

integrate, evaluate, create and communicate information useful knowledge in public life. 

ICT literacy is the ability expected of junior high school students as follows: 

1) Searching, able to identify the necessary information, determine the scope of the 

discussion in accordance with course materials to complete the task, managed to find 

the information and access information from the list of sources that have been 

determined. 

2) Use, able to select information based on its quality, understand the criteria for 

misleading information. 

3) Distribution, able to appreciate and recognize the ideas of others, understand the 

requirements of copyright, privacy and information security and ethical understanding 

of information, and choose and use technology to communicate in an academic 

environment. 

Indicators of ICT literacy competence of students: 1) access, 2) manage, 3) integrate, 4) 

evaluate, 5) make, and 6) to communicate. 

 

How to Implement Project-Based Learning to Equip ICT Literacy in Science Class? 

Project-based learning requires students to develop skills such as collaboration and 

reflection. According to research studies, project-based learning helps students to improve 

their social skills improve and often leads to reduced absenteeism and fewer disciplinary 

problems in class. Students also become more confident talking to groups of people, 

including adults. One reason that project-based learning is not very widespread is because 

teachers and parents were not taught in that way and prefer to utilize more conventional 

forms of teaching. However, when teachers and parents see how much children can learn 

through project-based learning and how excited and enthusiastic students are about 

learning, they often become ardent converts to project-based learning. ICT are effective 
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tools for project-based learning. Students can use tools such as word processing software, 

spreadsheets and databases to perform tasks such as drafting essays, analyzing numerical 

data, and keeping track of collected information (UNESCO: 2007).  

 Kubiatko & Vaculova (2011: 68) stated that Nowadays, the using of information 

and communication technologies is connected with project-based learning. ICT provide a 

rich learning environment and expose the learner to a variety of representations and 

configurations, means that ICT can be connected with project-based learning (Project-

based learning). So the theory of the study it can be concluded that the Project-based 

learning can facilitate students to have the ICT literacy. Teachers can plan a project-based 

learning in science class with the Internet media. So that students are expected to master 

ICT literacy which includes access, manage, integrate, create, and communicate with 

online media. 

 

 

Figure 5 Framework of Project-Based Learning to Equip Student’s ICT Literacy 

 

CONCLUSION AND SUGGESTION 

Entering the 21st century, students are required to have a 21st century ICT literacy 

competence is one of the 21st century competencies that must be owned by the students. 

So that equired a learning can make students have that competencies Project based learning 

can facilitate students to have the ICT literacy. Project-Based Learning begins with the 

assignment to students to carry out exploration, assessment, interpretation, synthesis, and 
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information to produce various forms of learning outcomes. Project-based learning can be 

applied in science class to equip student’s ICT literacy. ICT literacy is one the aspects of 

21th century competence that must be possessed by student to prepare for the challenges of 

the 21th century. 
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Abstract 
 The purpose of this research was to describe the implementation of Science-Technology-

Society approach in IPA I (Natural Science I) course in designing the models of simple technology 

in the form of electricity media by the teachers teaching in Elementary Schools in West Pasaman.  

This research applied descriptive method. The instrument of the research was the researcher himself. 

The data were gathered through observation and documentation. Based on the results of the research, 

it was figured out that the students, in groups, were creatively and successful to produce the models 

of simple technology assigned such as telephone, telegraph transmitter and receiver, questionnaire 

board, doorbell, and series and parallel circuits of lamps. It was suggested that the construction of 

the simple technology models should be better and more attractive and it should use AC power and 

more wire windings. 

 

Keyword: STS, natural science I, simple technology, electricity 

 

INTRODUCTION 

The development of science and technology lately is highly astonishing and 

generates several changes affecting almost every aspect of human life. Such development 

has also changed the behavior and habits of people in doing interaction with others. It has 

facilitated people to do their jobs and to deal with their life.  One of the rapid developments 

in science and technology occurs in the field of communication; phones, computers, and 

internet which has diminished the physical barriers among people to communicate and has 

allowed them to interact freely on a global scale easily, cheaply and fast. The development 

of science and technology, basically, is intended to increase the welfare of human beings. 

The development and progress in the field of science is highly essential for the 

advancement of technology. The principles of science are needed for technological 

development. When science is developed, technology then will also go forward. In order 

to make Indonesian people move forward and not left behind in science and technology, 

they must keep pace with the development from the beginning. This notion implies that 

science must be learned earlier by the children of Indonesia to produce a generation who 

are awake, alert, expert and skillful, and was not left behind in the application of science 

and technology. To deal with this expectation, the government has formulated the goals of 
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Natural Science (IPA) education from Elementary School (SD) level. As stated by the 

Ministry of Education in the curriculum (2006: 484) that the learning objectives of Natural 

Science in primary schools are to develop knowledge and understanding of the concepts of 

science that are useful and can be applied in everyday life, and to develop curiosity, positive 

attitude and awareness of the existence of mutual relationship among science, environment, 

technology and society. Science is one of the subjects in elementary schools that could 

facilitate the students to develop the knowledge and the concepts of science to create a 

simple and applicable technology. To realize the goals of Natural Science education, 

knowledge enrichment and improvement over the learning process are needed. 

Natural Science education in primary schools has been less "grounded" because a 

lot of materials seemed to be unrelated to the students’ real life. Consequently, many 

students felt that learning Natural Science was less meaningful. The natural Science 

learning process in Elementary School was not able to facilitate the students to develop 

technology as if science and technology are not interrelated. To deal with the development 

of science and technology, the learning process at schools should be adjusted to.  Hence, 

the Natural Science learning process could keep pace with the advancement of technology 

and be more meaningful for the students and the society in general (Asy’ari, 2006:2). 

The quality of science and technology learning process is highly dependent on the 

quality of teaching. The quality and the performance of the teacher always become the 

factors determining the success of education in Elementary School.  If the children of 

Indonesia want to move forward and be able to keep pace with the developments in science 

and technology in the 21st century, the quality of Natural Science learning process in 

Elementary School must be improved. In addition, the teachers’ education about science 

and technology also should be increased. The improvement could be done by applying 

science and technology in the learning process that can be used for the future development 

of science learning media. The availability of the media of simple technology is expected 

to increase the quality and the effectiveness of learning process. They would help the 

teacher in delivering the learning materials and enable them to explain the way the 

principles of science work and the way they are applied in real life. The use of technological 

media in the learning process which has been adjusted to the development of 21st century 

would motivate and raise the students’ interest in learning. Educational institutions need to 

prepare either the teachers to be or the official teachers with the knowledge of this need. It 

is highly dependent on the educational programs offered and the expertise of the lecturers 

of the institution in Natural Science subject. 

The teachers’ lack of knowledge and their low level of education were assumed as 
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the factors generating the low quality of Natural Science learning process. The teachers 

never applied the principles of science to design simple and applicable technology. This 

also was not supported by the availability of the books about application of science and 

technology in the market.  

Based on the researcher’s experience in teaching Elementary School teachers in 

the program of Sarjana Kependidikan Guru dalam Jabatan (SKGJ) since 2009 in Natural 

Science subject and the result of interview done with the teachers, it was revealed that the 

quality of the Natural Science learning process conducted by the teachers was not yet as it 

was expected. It covered the science conceptual understanding, the application of science 

in daily life and the use of the principles of science in designing simple technology in the 

learning process. Based on the interview done with the students while studying IPA in West 

Pasaman in December 2012, it was figured out that less than 1/5 of 24 students felt that 

they have good qualifications in teaching science. Most of the classroom teachers felt 

uncomfortable and had lack of qualifications in teaching science and technology. To be able 

to apply scientific concepts in simple technology that is useful in elementary school, the 

quality of the teacher’s education should be enhanced. 

Science, technology and society learning should be applied in Elementary School. 

This was conducted by applying Science-Technology-Society (STM) approach. Originally, 

this was known as STS (Science-Technology-Society). STM approach is a learning 

approach that basically discusses the application of science and technology in the context 

of everyday life. Therefore, the STM approach is also known as an integrated approach 

between the scientific and technological issues in society. With this approach, the students 

are required to have willingness and be able to apply the principles of science to produce 

simple technology as well as offer a solution to reduce the negative impacts that may arise. 

Thus, the teachers in teaching science can use STM approach to build the students’ 

conceptual understanding and to develop the concepts for the benefit of society (Ash'ari, 

2006: 55). According to NSTA, STM approach is learning and teaching science and 

technology in the context of human experience (Yager, 1993). In the STM approach of 

Yager, it is suggested that the learning process should be conducted constructively. Yager 

(1992) states that there are four phases of the syntax of STM learning model covering 

invitation phase, exploration phase, explanation and solution phase, and follow-up phase. 

In this research, the principle of science applied by students to create a simple 

technology was the application of electrical material in daily life. The products made are a 

telegraph or a simple Morse, a simple phone, a doorbell, a bike light and a questionnaire 

board. Electrical material was chosen as it was closely related to the advancement of 
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technology in the field of today communication. In addition, its application is easily found 

in everyday life with easily available materials at low cost. So that, the students, by 

applying science and technology, could design simple communication tools. The product 

designed could be used as learning media to see how the principles of series circuit and 

electromagnetic exactly work.  

In order to increase the quality of Natural Science learning process in Elementary 

School, to make the teachers not left behind and to make the learning process more 

meaningful and give the students opportunities to apply their knowledge through simple 

technology which can be used as an interesting learning media for the students, conducting 

descriptive research was viewed relevant and important. 

RESEARCH METHOD 

This research used descriptive method through which the researcher tried to 

describe the application of STM approach in IPA I subject for the teachers teaching in 

Elementary Schools in West Pasaman in designing simple technology by applying the 

principles of science. The objects of the research were 24 students; 4 male students and 20 

female students in SKGJ program of PGSD (Primary School Teacher Education) study 

program taking IPA I course. This research was conducted in one of the classes at SMP 

Negeri 1 Simpang Empat in West Pasaman, West Sumatera from October to December 

2012. The research was done in four meetings on Saturday and Sunday. The data were 

collected through observation and documentation. The researcher, in this research, also had 

a role as the instrument.  The data gathered in this research were in the form of qualitative 

data. The data obtained then were analyzed by using descriptive analysis.  

The implementation of STM approach in this research can be described as follows. 

In invitation phase, the researcher encouraged the students to show their initial knowledge 

about the application of concepts and principles of dynamic electricity in accordance with 

the materials to be learned. In this phase the researcher asked several questions to the 

students about the use of electricity in their daily life. The students were given opportunities 

to communicate and illustrate their understanding of the concepts and principles of dynamic 

electricity. Furthermore, the students’ answers were connected to the materials to be taught. 

Then, the explanation about dynamic electricity and the examples of its application and 

uses were given. 

In exploration phase, the students had chances to do investigation to find the 

concepts of electricity and the use of electrical principles through activities of designing 

prototype of simple technology whose design had been prepared by the teachers previously. 

In this phase, they collected the data, practiced scientific process skills and carried out 
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scientific work. Firstly, before the product was made, the students were divided into six 

groups in which they discussed about designing the prototype of simple technology by 

applying the principles of science given by the researcher. Each group discussed about the 

picture of product prototype including what materials were needed, what kind and where 

to get it, how to make it, how it worked. They also could ask questions about other things 

they did not understand especially about the picture given. The students also asked about 

the shape or the construction they could possibly make, whether it is acceptable or not. 

Because to produce the product took a long time, the students could do it at home and 

brought it in the next meeting (eight weeks to go). 

Furthermore, in the third meeting, explanation and solution phase was done. In this 

phase, each group of students delivered their explanation regarded to the solution of making 

the prototype of simple technology that had been already done. They explained about the 

way the product worked and how it could work. The researcher would give clarification 

when they made mistakes in delivering the information. Other groups observing the 

presentation were allowed to ask questions and responded to what had been delivered and 

done. The respective group was also asked to submit a summary and a conclusion of a 

given task. In this phase, the students integrated the solution with the theories found in the 

books, and build new understanding (according to the theory of constructivism) about the 

concepts of electricity, series circuit and an electromagnet that can be generated by the 

electricity they had already learned. 

The fourth or the last stage of the implementation of STM approach was follow-up 

phase.  In this phase, the respective group shared information and ideas, asked follow-up 

questions regarded to the possibility of further development of the products, and gave 

suggestions. They also could share knowledge and skills they acquired to be used in the 

learning process of Electricity in grade IV. Finally, after each group had presented their 

work, the researcher, as a lecturer, explained other applications of electricity that had been 

and possibly be made by the experts. This was done to give meaning to the work the groups 

had already done. 

RESULT AND DISCUSSION 

Based on the implementation of STM approach in IPA I course in designing simple 

technology products by applying the concepts of electricity, it was revealed that all of the 

groups were creatively and successful to complete the tasks given. All of the tools produced 

worked appropriately as they were expected. The groups could well explain the principles 

of science that work on the tools. The only shortage found in these tools was in their 

construction which is still less attractive and not well-built. In addition, the tools could not 
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use AC power and had less wire windings.  

CONCLUSION AND SUGGESTION 

Based on the research findings, it was concluded that the application Science-

Technology-Society approach in IPA I course has successfully made the primary school 

teachers in West Pasaman able to produce simple technology in the form of electricity 

media. The students in group were creatively and successful in designing the models of 

simple technology assigned such as telephone, telegraph transmitter and receiver, 

questionnaire board, doorbell, and series and parallel circuit of lamps. In this research, it 

was suggested that the models of simple technology made should have better and more 

attractive construction. It is also recommended that the tools produced could make use of 

AC power and have more wire windings to produce stronger electromagnetic field. 
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Abstract 

The aim of this study was to explore skill activities in Science Process Skill 

(SPS) in elementary students’ acquisition of science and technology. Rezba (1995) 

differentiated two kinds of process skills as basic science process skills and integrated 

science process skills. The basics are: observing, communicating, classifying, measuring 

metrically, inferring, and predicting, while the integrated are: identifying variables, 

constructing a table of data, constructing a graph, describing relationship between 

variables, acquiring and processing data, analyzing investigation, constructing 

hypothesis, defining variables operationally, designing investigation, and experimenting. 

The approach (SPS approach) has been explicitly written in 2006 Indonesian curriculum 

document for elementary science teaching. While in 2013 curriculum of elementary, 

stated that all subject matter have four domains of competence, two domain of attitude, 

domain of skill, and domain of knowledge. All of curriculums accommodate skills in SPS 

approach.  

This study explored how basic and integrated skills in SPS approach can 

accommodate elementary students in acquiring the science and technology literacy of 

subject matter. The discussion explained each aspect of skill in SPS which can be used as 

activities connected to the elementary curriculum contents of science and technology for 

4th-6th grade. SPS approach considered to solve science problem in society. The approach 

apply systematic skills so elementary students can solve the problem by themselves 

(inquiry process) with little teacher guidance. Using skills of SPS approach, student 

would be a scientist who mastering science and technology concept to solve some 

problem in society using their science and technology knowledge.                 

 

Keyword: Science Process Skill Approach, Science and Technology literacy, Elementary 

Science Learning. 

 

INTRODUCTION 

Since the first semester of academic year 2013/2014 some Indonesian schools have 

been applied 2013 curriculum, the rest maintain to use 2006 curriculum of KTSP. Changes 

of science curriculum in elementary school occur in some aspect. Science subject matter is 

given in all grade (1st grade-6th grade), but science lesson only gives to students in 4th-6th 

grade.  In the new curriculum document states that as a basic competence, students in 4th 

grade have to be able to describe correlation between natural resources and surrounding, 

technology, and society. They also should be able to report their observation result about 

technology which used in daily life and advantage of using the technology. From that 

document, the students have to be acknowledged with science, technology, and society as 

a unity so it can be apply to solve the problem in their daily life using their acquaintance 

with science and technology.   
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To overcome with the daily problems correlated to science and technology, 

students have to interact with appropriate learning instruction. In practice, it has common 

to use STS approach (Science-Technology-Society). It is an approach which many scholars 

proposed to be the new paradigm in teaching and learning of science in the context of 

human experience. It emphasizes the important of science and technology, and technology 

concept are to be included in science courses.  The approach is applied in four categories 

of strategy: invitation, exploration, proposing explanation and solution, and taking action.  

Besides STS approach, science teachers may use another instructional point of 

view in acquainting students’ literacy in science and technology, as well as STS does.  As 

the teachers have been experienced with Science Process Skill (SPS) approach, they can 

use it to have students acknowledge with science and technology skill. As Liang (2002) 

proposed, individuals can use the Science Process Skill (SPS) for identifying the problem 

in their daily life and overcoming them via appropriate hypotheses. Process skills are what 

people do when they do science (Rezba, 1995). Learning science this way will make 

students to be an active learner. Being active learners, students will be experiencing many 

science and technology knowledge by hands on activities. The activities deserve many 

benefits, as compare to bring concept without any direct hands activities on the material 

objects. 

This study try to explore skills in SPS, basic and integrated skills as proposed by 

Rezba et al, become real activities connected with science and technology concept, as stated 

in curriculum, and facilitated students to get acquire with those specific literacy. Hence, 

this study want to answer the question “How do activities of basic and integrated skills in 

SPS be implemented in lesson instructions in order to facilitate 4th grade students to acquire 

the comprehension of the science and technology literacy in subject theme ‘saving the 

energy’?   By getting description and exploration of how skill activities of SPS  could be 

done in lesson instruction, teachers have alternative design in conducting their teaching 

especially for better acquirement of students literacy in science and technology contents.  

 

RESEARCH METHOD 

The aim of the study is to explore basic and integrated skills activities in science 

process skill (teaching) approach for acquiring literacy in science and technology concepts. 

To eliminate the broad analyzes, this study focused on 4th grade lesson instruction, theme 

‘saving the energy’. To achieve the purpose, this study applied a descriptive exploratory 

research, with study case design. In this design, the study only focuses on selected 

phenomena which advocates the purpose of the study (Sukmadinata, 2007).  This study 
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focuses on the phenomena in 4th grade lesson instruction in competing science material.  

Firstly, this study described the content of technology material in Indonesian Elementary 

school, especially for 4th grade, theme ‘save the energy’, based on 2013 curriculum. After 

having the description of the technological content, then activities of each skill was being 

identified, as proposed by some scholars (Bundu and Rezba et al). Then, data of skill 

activities were explored and interpreted, connected to the lesson goals and competences.  

 

RESULT AND DISCUSSION 

Science and Technology Literacy in Indonesian Primary Curricula 

Indonesian 4th grade students have to occupy some basic competences in science 

subject matter. They have to be able to describe correlation between natural resources and 

surrounding, technology, and society. They also should be able to report their observation 

result about technology which used in daily life and advantage of using the technology 

(Kerangka Dasar dan Struktur Kurikulum SD/MI, 2013).  

Science is concerned with understanding the world around us (Nbina, 2011). 

Feyman proposed that science is the basic understandings of the universe and its contents . 

While Aikenhead (2003) define science as a social institution possessing discipline process, 

which utilize knowledge and technique to achieve conceptual, material, and social goals. 

Technology is the application of scientific knowledge to solve practical problems and to 

achieve human goals (Bybee, 1998). Technology is designed to improve our society, as 

Bybee stated as follows: technology is designed to create adaptations to the natural world, 

and technology uses the information gained from science to produce products or services 

that improve our society. Technology concerned with using resources or materials, energy, 

and natural phenomena to achieve some purpose relating to human activities (Nbina, 2011). 

All of the definition about science and technology literacy, contain three concept of science, 

technology, and society which can be correlated one to another. King connected science, 

technology and society to explain literacy of science. He proposes that scientific literacy is 

students/citizens using science and technology to achieve social goals (King, 2002). 

Rezba et al (1995) stated that way of thinking in science are called the process 

skills. Process skills are what people do when they do science. They differentiated two 

kinds of process skills as basic science process skills and integrated science process skills. 

The basics are: observing, communicating, classifying, measuring metrically, inferring, and 

predicting, while the integrated are: identifying variables, constructing a table of data, 

constructing a graph, describing relationship between variables, acquiring and processing 

data, analyzing investigation, constructing hypothesis, defining variables operationally, 
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designing investigation, and experimenting. Gega (2006) added some skills like: recording, 

manipulating, using models, and generalizing. As long as appropriate activities are 

designated and presented to the school pupils, the listed skills can be acquired and 

demonstrated by a primary school child (Gega, 2006, Nbina, 2011).  

Technological skills listed by Nneji (200) and Juna (2004) include: inspecting, 

selecting, drawing, testing, analyzing, assembling, servicing, installing, identifying, 

handling, measuring, diagnosing, designing, dismanting, repairing (Nbina, 2011).  

Those two kinds of skills are not exclusively different. They are different side of 

the same coin. Science skills are the process based, while technological skills are the 

manipulative one.  

To acquire science and technology skills, the students must be the center of the 

teaching and learning process. They should interact with material provides, be actively 

involved in the process of science and technology, work cooperatively with peers, 

demonstrated scientific and technological attitude, and should take active part in problem 

solving activities (Nbina, 2011). Another strategy to acquire skills is conducting problem-

solving. In now days common practice, there is STS (Science-technology-Society) 

approach which proposed by NSTA (USA teachers’ association). Despite those famous 

approach, teachers also be able to apply the familiar approach they have been practices in 

gaining science concept. They can use science process skill teaching approach that have 

been widely report used in science lesson instructions.  Liang (2002) proposed that 

individuals can use the Science Process Skill (SPS) for identifying the problem in their 

daily life and overcoming them via appropriate hypotheses.  

Indonesian curriculum since 2006 proposed pendekatan keterampilan proses 

(Process Skill Approach) to be the approach that should be applied in science lesson 

(STANDAR ISI Kurikulum 2006 SD/MI Mata Pelajaran Ilmu Pengetahuan Alam). It 

continued in 2013 curriculum which divided the competence into four: religious, social, 

knowledge, and skills.  Table 1 identified competences which have connection with 

technological content material in elementary Indonesian curriculum of 2013. As stated 

before, to limit the exploration, this study focuses on competence in 4th grade theme 

“Saving the Energy”. From the table, it can be derived that technology literacy explored in 

many content materials, those are: electric tools, energy from water wheel and wind mill, 

fuel energy, oil resources production,  tools used light energy, heat energy, materials as heat 

conductance, alternative energy, magnetic and non magnetic object, the use of magnetic 

tools, and energy saving. 

  



 

119 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

 

Table 1. Lesson Indicators in Science Subject Matter (IPA) with 

Technology Content at 4th grade 

 

Basic 

Competences at 

knowledge and 

skill 

Technology Contents in Theme “ Saving the Energy” 

Subtheme 1 Subtheme 2 Subtheme 3 

Subtheme 4 

Energy for 

life 

3.4. Describing 

variety of energy 

through 

observation and 

describing its 

usage in daily life 

3.6. 

understanding 

the nature of light 

through 

observation and 

describing its 

usage in daily life 

3.7. Describing 

correlation 

between natural 

resources and 

surrounding, 

technology, and 

society.  

4.6. Give report 

about natural 

resources and its 

utilization by 

society 

4.7. Reporting 

observation 

 Electric 

tools and 

their 

benefits 

 Chances of 

electrical 

energy in 

some tools 

used by 

society 

 How to use 

electricity 

tools 

 The benefit 

of water 

energy and 

air energy 

in water 

wheel and 

  windmill 

 Make 

simple 

water 

wheel and 

windmill 

and report 

the activity. 

 Sources and 

types of 

sounds 

 Sources of 

heat energy 

 Give report 

 Save energy 

 Nature of 

conductance 

of heat 

 Convection, 

conduction, 

radiation as 

the nature of 

heat 

movement 

Alternative 

energy 

  Friction in 

daily life 

 The nature of 

magnetic and 

nonmagnetic 

object 

 

 Variety of 

energy 

sources and 

how to save 

them 

 Water as 

energy 

source 

 Wind as 

energy 

source and 

its benefit 

 Electricity 

tools and 

the effort to 

save the 

energy 
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Basic 

Competences at 

knowledge and 

skill 

Technology Contents in Theme “ Saving the Energy” 

Subtheme 1 Subtheme 2 Subtheme 3 

Subtheme 4 

Energy for 

life 

result about 

technology 

which used in 

daily life and 

advantage of 

using the 

technology 

 Saving fuel 

energy 

 Process of 

fuel 

forming  

 The benefit 

of oil 

The nature of 

lights  

 

 

 

 

 

 

 

  

Science Process Skill (SPS) Approach  

Liang (2002) proposed that individuals can use the Science Process Skill (SPS) for 

identifying the problem in their daily life and overcoming them via appropriate hypotheses. 

Hodson (1990) reported that process skills could aid the understanding of the theoretical 

scientific knowledge if practical learning opportunities were put in place. After acquiring 

practical science process skills students may be able to tackle practical tasks in the informal 

sector and industry. The prospects of involving students in science practical activities 

include improving the mastery of science process skills and enhancing the ability to 

understand the scientific concepts. Hodson also said that SPSTA is important for teaching 

science subjects in schools since it contributes to the understanding of abstract concepts in 

science, which would remain implicit if taught theoretically (Hodson, 1990). This study 

focused on how skills in SPSTA (basic or integrated skills) can facilitate students to 
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understand and acquire concept of science and technology. By practicing the skills, the 

students make hands on activities that automatically lead their understanding of the 

concepts. 

Review process skills approach that was taken from the opinion of Funk (1985) 

are: 

(1) approach to develop the nature of the process skills of science students. Students are 

encouraged to acquire knowledge well as better understand the facts and concepts of 

science; (2) Learning through process skills will give students the chance to work with 

science, not just telling, and or listen to the history of science; (3) process skills can be used 

by students to learn the process and product as well as science. Science Process Skills 

approach gives students the chance to actually act as a scientist. From this description, it 

can be derived that SPS approach can be used to learn the concept of science, process and 

product. The product means tools which use the science concept to aid human life in 

society.    

The classification of skills of SPS in this study derived from Rezba’s et al. Though, 

to deepen understanding the nature of each skill, this study describes some skill’s indicators 

from many scholars. In addition, to give broad description of skills’ activities, this study 

summarizes.  the activities proposed by Rezba et al. The result of identification skills’ 

indicators and activities collected in Table 2.   

Table 2. Indicators and Activities for  Basic and Integrated skills in SPS  

 Indicators (Bundu, 2006; 

Rezba, 1995) 

Activities description 

(by Rezba et al) 

Observing Using sense tools 

Collecting relevant and 

enough fact 

Constructing a list of qualitative and 

quantitative observations about an 

object, substance, or event by using as 

many as senses; Constructing a list of 

qualitative and quantitative observations 

about the changes before, during, and 

after the event occur. 

Communicating Reading graph, table, 

diagram, explaining 

experiment’s result, 

reporting sistematically 

Using some method of communication: 

graphs, charts, maps, symbols, 

diagrams, mathematical equations, 

visual demonstration; developing 

effecting communication: clear, precise, 

unambiguous 
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 Indicators (Bundu, 2006; 

Rezba, 1995) 

Activities description 

(by Rezba et al) 

Classifying Finding differences, 

contrasting, finding 

similarities, comparing, 

making a category 

Classifying objects and events on the 

basis of observable characteristic. 

Concept formation: making binary 

classification based on observation, 

mapping an organizational scheme,  

constructing multistage classification 

system,  

Measuring 

metrically 

Involving number or 

quantity, using metric 

instruments (ruler, 

balances, meter sticks, etc) 

to measure length, masses, 

volume, temperature. 

Selecting the appropriate metric unit for 

measuring any property, stating 

equivalent metric measure by given a 

set of metric units, measuring the 

temperature, length, column, mass, 

force of any object.   

Inferring A statement that goes 

beyond the evidence and 

attempts to interpret or 

explain a set of observation 

(Rezba, 1996: 71). 

Constructing a set of inferences from 

observations about object or event; 

identifying the inferences that should be 

accepted, modified, or rejected 

Predicting Using pattern, connecting 

the existing pattern, 

predicting future 

happening. 

Forecasting of what future 

observation might be. 

Related to observing, 

inferring, and classifying. 

Prediction is based on 

careful observation and the 

inferences made about 

relationship between 

observed events. 

Constructing predictions based on 

observed pattern of evidence; 

constructing test for prediction; using 

new observations to revise predictions 

and inferences. 

Identifying 

variables 

Needed to conduct an 

investigation, contain 

Identifying the variables in a written 

statement or description of an 
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 Indicators (Bundu, 2006; 

Rezba, 1995) 

Activities description 

(by Rezba et al) 

independent and dependent 

variables. 

investigation; classifying the variables 

as manipulated or responding 

(independent or dependent) 

Constructing a table 

of data 

Further activities in 

communicating, to reveal 

trend and pattern in data. 

Constructing a table of data when given 

a written description, writing data pairs 

from a table of data, matching data pairs 

with points on a graph; constructing a 

graph with provided a brief description 

of an investigation 

Constructing a 

graph 

Describing 

relationship 

between variables 

 Drawing a best-fit line from given 

graph, describe in writing the 

relationship between variables 

Acquiring and 

processing data 

 Conducting an investigation and obtain 

a table of data, construct a a graph of 

data and statement of the relationship 

between variables 

Analyzing 

investigation 

 Identifying the manipulated and 

responding variables and the constants 

in an experiment, identifying the 

hypothesis being tested when supplied 

with a description of an investigation. 

Constructing 

hypothesis 

 Constructing a hypothesis when 

provided with a problem 

Defining variables 

operationally 

 Stating how variable are operationally 

defined in an investigation when given 

a description of the investigation, 

constructing operational definitions for 

variables 

Designing 

investigation 

 Designing an investigation to test a 

given hypothesis 

Experimenting Determining 

tools/materials use in 

experiment, observed 

Constructing a hypothesis, designing 

and conducting an investigation for a 

problem you have identified or chosen 
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 Indicators (Bundu, 2006; 

Rezba, 1995) 

Activities description 

(by Rezba et al) 

variables, steps of the 

experiment, how to process 

the data and conluded.  

to study. 

 

Using Skills Activities in SPS Approach for Acquainting Science and Technology 

concept for Indonesian 4th Grade Students 

Indicators of each skills was used as based of designing activities for learning and 

assessing process skills. Rezba et al have been proposed some activities for students so they 

would be expert in carry out the skills, as stated in table 2. Based on the activities proposed, 

this study then analyze activities might be used in elementary lesson material, especially 

which have connection with technology. As stated before, process skill approach could be 

used to solve the problem of society, by applying hands on activities in order to full 

understanding the problem faced on.   

For concise explanation, the analysis would be given as a part of given lesson for 

4th graders, theme ‘Saving the Energy’. To be known, the 2013 Indonesian elementary 

curriculum based on thematic material and using integrated subject matters. Process skill 

activities are implemented through the scienctific model/approach of 2013 curriculum used 

by teacher.  In a week, students have to accommodate a subtheme. For example in first 

subtheme, student have to acquire the concept of electric tools and their benefits, changes 

of electrical energy in some tools used by society, and how to use electricity tools (for 

science materials). In that week, students can carry out some of the activities in process 

skills integrated with another subject matter concept acquirement. Observation is a basic 

skill of the others. While measurement is another type of observation which use quantitative 

data metric. Not all of activities in science process skills can be executed in a sequence. 

Some activities might not be needed and can be subtituted by onether activities. The natures 

of each skill as stated in table 2 are explored as activities which served students to grabs the 

indicators and understanding the concept. 

In the focused study, 4th grade’s theme ‘saving the energy’, student have to describe 

and report the usage of some electrical tools for daily life. In this way, technology is 

acknowledged as the application of scientific knowledge to solve practical problems and to 

achieve human goals (Bybee, 1998). Technology is designed to improve our society. Skills 

in SPS which can be carry out to acquire the concept of technology usage are: obeservation, 

measurement, communication, table construction, inferention, prediction,  identification of 
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variables, data acquirement and process, hypothesis construction, design of investigation, 

and experimenting. Almost all of process skills proposed by Rezba et al can be applied in 

lesson activities.  

Table 3 gives matrix analysis of possible activities in science process skills, the 

basic and the integrated which be able to be applied in instructional lesson to acquire the 

literacy in science and technology concept of 4th grade’s theme ‘saving the energy’. Despite 

using the given step in teacher book (2013 curriculum), teachers have opportunities to 

expand the lesson instructions to achieve the students’ competence. Since the teachers have 

been familiar with process skill approach used in 2006 curriculum, they can maintain to 

use and integrate it with scientific method/approach of 2013 curriculum.  

Table 3. Process Skills Activities Proposed to be applied for Acquainting Science and 

Technology Concept (Lesson theme: 4th grade’s ‘Saving the Energy’) 

Basic 

Competences 

at knowledge 

and skill 

Indicator 

Science 

and 

Technology 

concept 

SPS Skill Activities 

Subtheme 1: 

3.4. 

Describing 

variety of 

energy 

through 

observation 

and 

describing its 

usage in daily 

life 

 

4.7. 

Reporting 

observation 

result about 

technology 

which used in 

daily life and 

 

 Reporting 

observation 

result about 

the 

usage/benefit 

of electric 

tools 

 Reporting 

observation 

result about 

the 

usage/benefit 

of electricity 

as energy 

sources for 

human 

 

 Electric 

tools and 

their 

benefits 

 Chances 

of 

electrical 

energy in 

some 

tools used 

by society 

 How to 

use 

electricity 

tools 

 

 

 Observing: observe electronic tools in the 

class or students’ own home. 

 Measuring metrically: measure energy 

used by a tool for monthly usage, so 

student understanding the amount of 

energy usage at their own home. 

 Communicating: reporting orally the table 

and explaining the text. Making a booklet 

content of how to use an electronic tool.  

 Inferring: based on the observation of 

electronic tools at school, students infer 

that some tools are common to be used and 

man now depend on that tools. 

 Predicting: students can predict how much 

energy would be paid for the next month, 

they also can predict from the rest fuel 

energy Indonesian has, when we will lost 

it all. 
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Basic 

Competences 

at knowledge 

and skill 

Indicator 

Science 

and 

Technology 

concept 

SPS Skill Activities 

advantage of 

using the 

technology 

 Identifying variables: from the written 

description, students classify the variables 

which cause the consuming of home 

electricity.  

 Constructing a table: based on 

observation, students make table or graph 

about the benefit of electronic tools 

 Constructing a graph: draw a graph which 

describe the use of energy consumed at 

their home in the last year. Based on this 

graph, they can do inferring and predicting  

 Acquiring and processing data: before 

constructing a table or graph about the use 

of energy’s consumption at home, 

students have to make a prior investigation 

by finding data from parents’ documents.    

 Constructing hypothesis: provided a 

problem of difficulty in doing some 

activity at home, students deserved to 

make a hypothesis to solve the problem 

such as ‘ to manage a vegetable not to be 

damage, we have to save it in the 

refrigerator’; ‘in iron, there is a change of  

electric energy become heat energy”  

 Designing investigation: investigate the 

endurance of vegetables restored in room 

temperature, hot temperature, and cool 

temperature (save in refrigerator) 

 Experimenting: based on constructed 

hypothesis and designated experiment, 
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Basic 

Competences 

at knowledge 

and skill 

Indicator 

Science 

and 

Technology 

concept 

SPS Skill Activities 

students then conducting the 

investigation. 

 

CONCLUSION AND SUGGESTION 

The aim of this study was to explore skills activities in Science Process Skill (SPS) 

in elementary students’ acquisition of science and technology contents. Science and 

technology contents have been identified in some part of lesson, especially in 4th, 5th and 

6th grade Indonesian elementary curriculum. To eliminate the broad analyzes, this study 

focused on 4th grade. In 4th grade, basic competences which have technology content are: 

(3.4) Describing variety of energy through observation and describing its usage in daily 

life; (3.6) understanding the nature of light through observation and describing its usage in 

daily life; (3.7) Describing correlation between natural resources and surrounding, 

technology, and society; (4.6) Give report about natural resources and its utilization by 

society; (4.7) Reporting observation result about technology which used in daily life and 

advantage of using the technology.  

To acquire the science and technology literacy by SPS approach in focused study, 

process skills were described deeply in such indicators and skill activities. Since the 

indicators and the natures of skill activities have been identified, then they are 

communicated with science and technology content identified before. Based on the 

communication, there are several activities of the process skills which could be apllied in 

the lesson instruction. Not all of the basic and integrated skills are used. But as the 

competence requirement, the most important skills are how the student can communicate 

their observation results by oral or written reportation,  using written report or table/graph 

construction. 

Skills’ activities  proposed wide hands on instruction that occupying students do 

explorations in science and technology. Acquainting technology concept by doing hands 

on skills in SPS approach, students become an active learners, even using everyday 

material. Planning appropriately each skill, will lead to good understanding of the concept. 
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From the activities Rezba’s proposed, the teacher could explore the activities which 

appropriate with the contents and curriculum competence. By making an analysis map 

which connect skills activities and curriculum competence and science and technological 

contents. This kind of exploration would facilitate the teacher to planning their lesson 

instruction better.  
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Abstract 

This study aims to provide an overview about the importance of preparing for the 21st 

century generation using ecological approach. The development of globalization emerge 

the challenge for the 21st century generation in various fields, including the development 

of science, the advancement of technology and information, the progress of industry and 

culture and other fields which in practice can lead to serious consequences for humans 

and environment. As formal educational institutions, school play an important role in 

preparing for the 21st century generation, especially in learning process. In learning 

process, learning approaches used to facilitate students in achieving the learning 

objectives. 

An ecological approach is a learning approach which in practice not only using the 

environment as a learning resource, but also teaches that as part of the ecosystem students 

must interact with biotic and abiotic environment, social, economic and cultural. 

Ecological approach needs to be applied in teaching because humans as part of the 

ecosystem can not be equated with the environment and can not be separated from the 

environment. Therefore, as an element of the ecosystem, humans should be able to be 

someone who is critical in the field of science and technology that emerge positive and 

negative impacts, interact with the environment and be able to play an active role to save 

the environment to preparing generation 21st century. 

 

Keyword: ecological approach, learning process, generation 21st century 

 

INTRODUCTION 

Education in the 21st century now should be adapted to the progress and the demands 

of the times. Mukminan (2014) explain that in the 21st century we are challenged to be able 

to create educational system that can contribute to generate resources thinkers who are able 

to help build the social and economic order and conscious knowledge as befits the world's 

citizens in the 21st century. The development of globalization presents challenges for the 

21st century generation in various fields, including the development of science, the 

advancement of technology and information, the progress of industry and culture and other 

fields which in practice can lead to serious consequences for humans and the environment. 

In BSNP (2010: 22) explained that efforts to improve quality of education  always done, 

adapted to the situation and condition, as well as the era happened. 

One study in accordance with the demands of the current century is a student-

centered learning, where students are required active in the learning process. 21st century 
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learning expressed Morocco, et al. Abidin (2013: 1) explain have at least four competencies 

that must be mastered. The fourth competency is understanding the concept of competence, 

competence, critical thinking, collaboration competence and competence to communicate. 

Additionally (BSNP, 2010: 20) the characteristics of learning in the 21st century is also 

expressed with great attention to environmental issues, use of technology, convergen of 

learning, the changes  based economy natural source into a knowledge-based economy, 

emphasizing creativity, culturally influenced by science technology. This is align with the 

characteristics of the ecological approach. 

Ecological approach is a learning approach in which practice not only using the 

environment as a learning resource, but also teaches that as part of the ecosystem students 

should interact with biotic and abiotic, environmental, social, economic and cultural 

(Pardeck, 1996: 2). The application of the ecological approach is expected to be a factor in 

learning process to prepare the next generation of the 21st century. 

 

DISCUSSION 

An Ecological Approach 

An ecological approach is a learning approach in which practice not only using 

environment as learning resource, but also relate environment as a learning resource with 

other aspects such as social, cultural, economic, psychological, and so on. Pardeck (1996: 

4) explains that important concepts to integrating environment in ecological approach are 

transaction, behavior setting, and ecosystem. Transaction is interaction process between 

living and environment that produces self-experience or knowledge. Behavior setting is an 

understanding that environment not only shape personality or behavior, but environment 

also affected by human in which the input and behavioral changes obtained by person from 

same environment have different results. Ecosystem is understanding that human position 

is not aligned with environment but human can not be separated from the environment. 

This is because human beings as part of the environment that interacts with all components 

of ecosystem. 

Varela et al (Frielick, 2004: 330) explain that the key of ecological approach is 

teaching/learning that an ecosystemic process of transforming information into knowledge, 

in which teacher, subject and student relationships are embedded or situated in a context 

where complex interacting influences shape the quality of learning outcomes. This 

perspective goes beyond the comfort zone of constructivism, into a new ecology of 

cognition and learning known as enactivism. An ecological approach will guided the 

students to get the information with the transforming knowladge, so the students can 
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construct theirs knowladge out of the confort zone.  

An ecological approach is use to identification of simply to set the study of learning  

within the functional context in evolved, so the learning produced is the basic of behavior 

of the organism, the ecological approach begins with assumption that the organized 

stimulus sensitivities, respon structure and integrative states evolved to produce adaptive 

behavior in particular environment (Timberlake, 1984: 324). The porpose of the learning 

can be reach by an ecological approach because with the interaction between of subject 

(student) and object learning can make the student easy to understand about the material. 

This approach takes as fundamental the interaction of agent and environment, rather 

than explain the things that the learner have in his head. Explanations for something emerge 

from learner environment interactions that are whole-body embedded in the lived in world 

experiences. So that the information of science will delivered well. 

 

Learning Process 

Learning process is an activity of educational interaction between teachers and 

students that not only the delivery of the subject matter but also inculcate attitudes and 

values on students who are studying (Nuryani, 2005: 5). A good learning process is when 

the interaction not only occur between teachers and students, but also the achievement of 

learning objectives and meaningful learning gained by student’s learning experiences. 

Learning experience can be gained by teaching students to use the scientific process to 

solve a problem and use the environment as a source of learning. 

As a body of knowledge, science containing facts based on research and observation 

that explain questions like what, why, and how the phenomenon occurs. In other side, 

science also covers the content or products, processes or methods, attitudes, and 

technology. Science as content or products means that in science there are facts, laws, 

principles and theories that have been accepted as true. Science as a method means that 

science as a process or method to gain knowledge. Aside from being a product of the 

process, science is also an attitude, it means that science contained dilligent attitude, open, 

honest, and objective. Science as technology implies that science is interrelated used in 

everyday life. In learning science students should not only learn the product, but also learn 

aspects of the process, attitudes, and technology for students to truly understand science as 

a whole (Nuryani, 2005: 74). 
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21st Century Generation 

Globalization characterized by characteristic changes of the 21st century which very 

rapidly, causing turmoil and uncertainty. Global education is a transformative learning 

process. Global education focuses to help answer our questions about the future. Global 

education equips students to be able to understand world issues while empowering them 

with the knowledge, skills, values and attitudes desirable as world citizens to face global 

problems. Hooked up with it, global education is a process of individual and collective 

growth which allows transformation and self-transformation (Ibrahim, 2015). 

Aspects of character and behavior required in the 21st century (BSNP, 2010: 45), 

namely: 

a. Leadership, attitude and ability to be a leader and at the forefront of the initiative in 

order to produce breakthroughs 

b. Personal responsibility, attitude responsible for all acts committed as an independent 

individual 

c. Ethics, respect and uphold the implementation of ethics in running social life 

together 

d. People skills, have a number of basic skills needed to function as individual beings 

and social beings 

e. Adaptability, able to adapt with various changes in line with the dynamics of life 

f. Self-direction, has a clear direction and principles in its effort to achieve the goals as 

an individual 

g. Accountability, a condition in which an individual has a reason and a clear basis in 

every step and action taken 

h. Social responsibility, have a responsibility to the environment and life community in 

the surrounding 

i. Personal productivity, improve the quality of humanity through various activities and 

work being done everyday. 

In addition to skills and character, in the 21st century also required an individual's 

ability to deal with social problems namely: 

a. Global awareness, the ability to see the trend and the signs of the times, especially 

in relation to the impact of globalization 

b. Financial, economic, bussiness, entreprenial literacy, skills to manage various 

resources to improve the independence sought 

c. Civic literacy, the ability to perform the role as citizens in a variety of situations and 

contexts 
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d. Environmental awareness, willingness and concern to preserve the natural 

environment. 

The 21st century is a time when science and technology have an important role in the 

survival of today's modern life. In this period the current environmental conditions become 

the benchmark of life come. A variety of characters that should be owned by learners as the 

generation of the 21st century. Shea (BSNP, 2010: 30) explain aspects to shape the character, 

such as: 

a. Attention to the emotional side of students, such as respect for oneself (self reflect), 

the ability to empathize, restraint (self control), humble and others. 

b. Improve life skills such as the ability to listen to others and communication ability. 

Habituation (habit), namely the development of attitudes to respond to various 

situations that are both consistent and sustainable. 

 

An Ecological Approach in Learning Process to Prepare 21st Century Generation 

Learning process is an activity of educational interaction between teachers and 

students that not only the delivery of the subject matter but also inculcate attitudes and 

values on students who are studying. Science as technology implies that science is 

interrelated used in everyday life. In learning science students should not only learn the 

product, but also learn aspects of the process, attitudes, and technology for students to truly 

understand science as a whole (Nuryani, 2005: 74). An ecological approach is a learning 

approach in which practice not only using environment as learning resource, but also relate 

environment as a learning resource with other aspects such as social, cultural, economic, 

psychological, and so on. Varela et al (Frielick, 2004: 330) explain the key of ecological 

approach that teaching/learning is an ecosystemic process of transforming information into 

knowledge, in which teacher and student relationships are embedded or situated in a 

context where complex interacting influences shape the quality of learning outcomes.  

Aspects of character and behavior required in the 21st century (BSNP, 2010: 45), namely 

leadership, personal responsibility, ethics, people skills, adaptability, self-direction, 

accountability, social responsibility, personal productivity, global awareness, financial, 

civic literacy, environmental awareness. A variety of characters that should be owned by 

learners as the generation of the 21st century, such as: attention to the emotional side of 

students, improve life skills such as the ability to listen to others and communication ability. 

Based on the required competency of 21st century, teacher as facilitator of learning in school 

plays an important role in preparing students to face the global challenges. The 

development of science and technology along with the emergence of various problems as 
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a result. The use of ecological approach that covers all aspects of the form of human 

interaction with the environment, social, cultural, economic, psychological, and others in 

learning are expected to lead students to improve skill, shaping the character of the students. 

 

CONCLUSION AND SUGGESTION 

Conslusion 

Learning in 21st century  have to use the strategies of learning that have increasing 

skill of thingking and sensitivity of environmental. An ecological approach needs to be 

applied in teaching because humans as part of the ecosystem can not be equated with the 

environment and can not be separated from the environment. Therefore, as an element of 

the ecosystem, humans should be able to be someone who is critical in the field of science 

and technology that emerge positive and negative impacts, interact with the environment 

and be able to play an active role to save the environment to preparing generation 21st 

century. 

Suggestion 

Based on the overview, the student character can shape by using ecological approach 

in learning process to prepare generation 21st century. Because ecological approach not 

only using environment as learning resource, but also teach students to develop their skills 

and character by interact and relating environment as their learning resource with other 

aspects like social, cultural, economic, psychological, and others. 
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ABSTRACT 

The research was conducted in order to investigate the development of the scientific inquiry 

skills of biology prospective teachers after obtaining debriefing of scientific inquiry skills through 

learning framework argumentation promoting scientific inquiry skills (APSIS). APSIS learning 

implementation involves students in investigations project of plant development structure. 

Subjects were 33 first-year students who were participants of the plant development structure 

course. Data on the scientific inquiry skills gained through assessment of investigation project 

reports of plant development structure using a scientific inquiry rubric.  

The results showed the using of the argument framework in debriefing of  scientific inquiry 

skills showed an increase in the ability of scientific inquiry in the investigation. The quality of 

scientific inquiry skills have developed in the aspect in  formulating investigation problems, making 

hypotheses, identifying variables, defining operationally variables in the investigation of the data 

representing the results of the investigation and making a scientific explanation based on data and 

supporting theory. 

 

Keywords: arguments discourse, plant development structure course, scientific inquiry skills. 

 

Introduction 

Scientific inquiry refers to the diverse ways which used by scientists to study nature 

and to make explanations based on evidence obtained through the investigation. In the 

pedagogical concepts, inquiry has meaning as an instructional activity in which students 

were involved in developing the knowledge and understanding of scientific ideas to find 

an explanation of natural phenomena based on investigation to gather scientific evidence. 

(National Research Council, 2000). 

Professional development of teachers were generally only intended to support 

teachers in improving student’s knowledge, by changing the way of teaching (Capps and 

Barbara; 2009). Although the results of the study show the importance of learning based 

on scientific inquiry, but in its application in the learning process was still less. This was 

because most of teachers did not have the experience to develop scientific inquiry in the 

classroom. The phenomenon raised by Deboer (2004) which states that the scientific 

inquiry learning with demanding high-stakes testing, while Krajcik, Mamlok and Hug 

(2000) suggested the application of scientific inquiry learning requires teachers skills to 

make adequate preparations to represent science in inquiry. 

Implementation of scientific inquiry debriefing for prospective teachers show results 
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capable to exercise ability to communicate scientifically, critical thinking skills, foster a 

sense of responsibility and collaboration, as well as the creative process. (Roshayanti et al. 

2014). NSTA recommend to teachers to use scientific inquiry and committed to helping 

students develop a deep understanding of science and scientific inquiry. However, most of 

teachers were not prepared to teach science using scientific inquiry approach. 

Chiappetta (1997) argues activities in the laboratory can be a means to train 

students to develop their scientific inquiry skills, however learning activities must be 

designed in such a way so it can create  learning environment that can engage students in 

the inquiry process. In fact, there were still many practical activities in laboratories that did 

not stimulate and implement scientific inquiry skills, so students have less opportunity to 

practice using the skills of scientific  

Role of argument in debriefing scientific inquiry 

Argumentation discourse in the context of science learning has become a central 

issue in the current studies (eg, Sampson & Clark, 2009; Chen, 2011). Aufschnaiter et al. 

(2007) states that there were three theoretical framework underlying the study of 

argumentation in science education. The first framework, scientists involves arguments to 

develop and to improve the knowledge (Lawson, 2003; Aufschnaiter et al., 2007). The 

second framework, the public must use arguments to engage in scientific debate (Simon et 

al., 2003; Aufschnaiter et al., 2007). The third framework, science learning process students 

need arguments (Osborn et al., 2004; Aufschnaiter et al., 2007). 

 Argumentation process plays an important role in training scientific inquiry skills. 

The process of argumentation was a conceptual process that can helped to develop 

conceptual understanding (Sadler and Fowler, 2006) and support the occurrence of 

cognitive and metacognitive process (Jimenez and Erduran, 2007). So, Duschl (2008) 

suggests that students need to develop some important understanding and able to participate 

in scientific argumentation. First, a student must be able to use an important conceptual 

structure (ie theory, models, and legal or a combination of concept) and cognitive processes 

when they were reasoning about a problem. Second, a student should know about science 

epistemic framework to develop and to evaluate the claims. Third, a student must engage 

in scientific argumentation and social processes of how the knowledge and skills that were 

communicated, displayed, discussed and debated in science. 

Scientific inquiry involves mental activity to generalize, induction, deduction, or a 

combination and comparison. Argumentation skills were needed in order to evaluate the 

validity of the mental activity. As demanded by Hanauver, et al (2009) Scientific inquiry 

requires thinking process that was directed in a straightforward solving research questions 
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without any problem, data transformation, experimental weakness, generalization, 

development theories, conflicting data, and inconsistencies. In the authentic knowledge of 

the ontological status of the scientific statement was require consistent attention. 

Scaffolding technique will provide support when needed, but guidance was 

eliminated gradually. So, scaffolding was often used to assist students in reaching the upper 

limit of ZPD. Giving guided question was one form of scaffolding that can be used to help 

students learn and develop thinking skills (Santrock, 2011: 52). Some other scaffolding 

were to divide a task into simpler steps, remind  student on learning objectives, and provide 

feedback (Moreno, 2011: 91). Some scaffolding that has been used to assist students in 

developing the argument of which was a description of the inquiry process (Sandoval and 

Reiser, 2004) as well as the questions that guide and argument diagram (Chin and Osbone 

(2010). 

Based on this background, the argument could be expected to scaffolding strategies 

to promote the ability of scientific inquiry. This study describe how scientific inquiry 

abilities of biology prospective teachers in the task of investigation project after obeying 

learning by applying the argument as a strategy in exercising scientific inquiry skills. 

 

Methods 

Subjects in the study were students of the first year Biology Education, PGRI 

Semarang University which follows the plant development structure course. The sample 

consisted of 33 students.   

The study design one-shot case study was used to describe the effect of the 

strategies using that involve arguments discourse to exercising scientific inquiry skills. 

Learning syntax used by the arguments discourse to debrief scientific inquiry for biology 

prospective teacher were: a. identifying problems argumentatively; b. identifying problem 

solving procedures; c. data acquisition and analysis; d. formulating scientific findings 

tentatively; e. arguments session; f. reflection. 

Quantitative data of scientific inquiry capabilities gained through scoring project 

report student tasks can be assessed using a scientific inquiry rubric. Data was analyzed by 

descriptive statistics. 

 

 

Results and Discussion 

The ability of scientific inquiry students in the plant development structure 

implement the argumentation discourse in order to exercise scientific inquiry skills as 



 

139 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

shown in Figure 1. 

 

Notes: a. formulating investigation issues; b. making hypotheses, c. identifying variables; 

d. operationally defining inquiry variables e. making an inquiry procedure; f. Representing 

data of the investigation results; g. making a scientific explanation and the results of 

investigation based on the data support the theory; h. making conclusions. 

Figure 1. Graph of scientific capabilities prospective teachers who were trained to use the 

strategy of argumentation discourse. 

Based on the research results presented in the graph in Figure 1, the ability of 

students in each aspect of scientific inquiry had been developed. The development of each 

aspect of scientific inquiry were presented in Figure 2 and Table 1 below. 
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d. Operating variable 

 

e. Arranging procedures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f. Representing data 
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Figure 2. Graph of Scientific Inquiry Skills Development in Each Aspects 
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Table 1. The Average of Scientific Inquiry Skills 

Topic 

scientific inquiry skills 

a b c d e f g h 

mean Std mean Sd mean Sd mean Sd mean Sd mean Sd mean Sd mean Sd 

Root 1.7 1.1 1.5 1.2 0.8 1.1 2.1 0.8 1.4 0.5 1.4 0.5 1.3 0.4 1.3 0.4 

Stem 2.4 0.9 1.7 1.1 1.5 0.8 1.9 0.8 2.6 0.5 2.2 0.7 2.1 0.6 2.4 0.6 

Leaf 2.5 0.7 2.1 0.9 1.7 0.8 2.1 0.7 2.6 0.6 2.3 0.7 2.4 0.6 2.5 0.6 

 

Discussion 

Teachers recommended to use scientific inquiry and committed to helping students 

develop a deep understanding of science through scientific investigation. Implementation of 

scientific inquiry in learning laden with scientific thinking skills. Thus, prospective teachers 

need to be prepared to teach science using scientific inquiry approach, so has the experience to 

manage learning based on scientific inquiry as well as have experience to keep learning based 

on the scientific inquiry and scientific thinking skills. 

Learning in the context of exercising scientific inquiry capabilities for biology 

prospective teachers by using arguments discourse capable to exercise scientific inquiry 

capabilities. Figure 1 shows the development of scientific inquiry ability of prospective 

teachers. The development can be seen by the achievements of ability in the various aspects of 

scientific inquiry were increasing from material by topic root to leaf material. 

This finding confirms the opinion of Sadler and Fowler (2006) that student 

involvement in scientific argumentation help students to improve their knowledge. Students 

involved in constructing the argument will have a better understanding of the knowledge 

(Khisfe, 2012). That implies that the using of argumentation discourse in learning helps 

students to acquire knowledge, including scientific inquiry framework. 

In general, aspects of scientific inquiry abilities of students developed. It was presented 

in Figure 2. The development of student’s ability in the various aspects of scientific inquiry 

shows that students got benefit from scaffolding in the form of argumentation in exercising 

scientific inquiry. Argument discourse gives the student opportunity to formulate questions 

which backed by phenomena that were supported by scientific opinion and communicated 

clearly, prediction statements or hypotheses were supported by scientific theories, 

operationalize the variables involved in the research, develop procedures to obtain data 
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structured, systematic and ensures obtaining accurate data, inference data and evidence and 

scientific resources, formulate conclusions in accordance with the results of the investigation. 

This indicates that the using of arguments participated to promote the using of reasoning 

by students to formulate and to implement a scientific framework. The indications show that 

learning which using arguments discourse framework, students were able to use reasoning to 

coordinate data and evidence as well as rebuttal to the argument. Walker, et al. (2010) states 

that apply the learning to the argument has implications for the ability of reasoning and using 

of better evidence. Venville and Dawson (2010) states that learning involves making an 

argument paper was accompanied by a discussion video of the arguments supporting the 

establishment of more complex structure of the argument, reasoning and concept 

understanding. 

The using of argumentation discourse in equip scientific inquiry ability to the biology 

prospective teachers, creating a social environment so that students interact with each other. 

Social interactions that occur provide an opportunity for students to correct mutual 

understanding and application of scientific inquiry knowledge. Student involvement in social 

interaction using arguments discourse helping students improve their critical thinking skills, 

strengthen understanding of the concept and provide opportunity to get new ideas that can 

expand the knowledge, and eliminate misconceptions (Akpinar, 2013). 

 

Conclusion 

Provisioning capabilities of scientific inquiry for biology prospective teachers using arguments 

discourse can improve student’s understanding of scientific inquiry knowledge. Arguments 

discourse were also creating a social interaction that supports students to broaden mutual 

understanding with correcting thus increasing student reasoning in applying scientific inquiry 

knowledge. 
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Abstract 

 This paper discusses about the innovation method of teaching and learning of 

physics instructional by implementing performance assessment based on STEM for student’s 

critical thinking skills. Critical thinking skills as a soft skill that should be developed to 

respond the challenges of education in Indonesia at the international level. Integration of 

STEM in learning physics bring physics to the contextual nature. Science is defined as a 

science which place out physics as a natural science with a form of concept that can be applied 

in a life, with the usage of technology in a process of inventional concept, engineering is an 

physical project in the form of simple tools, and mathematics will help in calculation concept 

mastery. In the process of learning, students are given a physics problem that demand to solve 

by experiments in STEM integrating. Performance assessment used in the study was designed 

to include the indicators of critical thinking skills systematically. Student are required to apply 

the usage of STEM skill for the purpose to promote their critical thinking skills as the required 

to fulfill a set of performance assessment indicators. In that case, the implementation of 

performance assessment based on STEM in physics instructional can develop critical thinking 

skills of students. 

 

Keyword: Physics instructional, STEM, Performance assessment, Critical thinking skills 

 

INTRODUCTION 

Globalization brings transformation on a significant scale human life with scientific in 

relations of technology, economics, and culture. Indonesia is a developing country that has the 

internal and external challenges related to the globalization. One of the challenges which facing 

of Indonesia country  is the quality of human resources still at the middle level. It’s also 

supported by of the United Nations Development Program Research report (2014) which 

claims that the Human Development Index of Indonesia is at rank 108 out of 187 countries. 

These results show that the expectations in the live index, educational index, and the balanding 

of gender index are still below level. Educatioal index became one of the highlights that should 

be repaired in conjuction of educational development in Indonesia. 

Educational development in Indonesia as follows the standardize of benchmarkat the 

international level. Partnership for 21st Century Skills (2013) as one of educational references, 
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as mention as earlier that competencies that needs to be improved by students in the 21st century 

such as a core material, learning skills and learning innovation, skill of information technology 

and media, and life skills and career. Life skills consist of hard skills and soft skills. Therefore, 

Permendikbud No. 81 A in 2013 claims that education in the school curriculum implementation 

required between hard skills and soft skills must be balanced. 

In the reality, the implementation of hard skill and soft skill in Indonesia is not alocated 

it the at portion  ideal. It is also supported the report resut which conduct by Widarto, et al 

(2012) claims that senior high school  more emphasized on the aspect of science and skill 

technique-hard skill. Based on survey research  declaire that one of the aspect will have a big 

constribution in natural life is skill  which have a self controlling managemnet on self and the 

others-soft skill. So, soft skill development in educational context is important to be done.  

One of soft skill which is important in the 21st century according to Wagner (2008) is a 

critical thinking skills. It’s also supported in Permendikbud No.64 Tahun 2013 which claims 

that content standards isone of competencies must be developed in the implementation of 2013 

curriculum is a critical thinkingcompetence. Critical thinking skills is a thinking skills which 

reasonable and reflective on the emphasis of decisions making about whatthing to believe and  

to do. 

Research which conducted by Eldy & Sulaiman (2013) stated that the critical thinking 

skills can be developed by learningto resolve the problem. The nature of physics learning is 

emphasizes to find out process of knowledge independently to support the development of 

critical thinking skills. However, so far, the implementation of learning leads on the critical 

thinking skills only measure to solve the critical thinking questions. In reality, based on 

research Hyytinen, et.al (2015) explains that the critical thinking skills is not only represented 

using instrumenttest, but also it can be assessed by performance assessment (Frazier & Blattner, 

2012; Ku, 2009). Performance assessment is an assessment which required thestudentto 

complete the tasks or to solve the question in the task using knowledge and skills that realize 

in performance form. 

On the performance assessment development is required an approach that can respond 

the challenges of science, information, and technology and refers to the development of critical 

thinking skills. In addition, physical learning required students are able to solve contextual 

problems in mathematical calculations, operate physics lab tools, and using technology to find 

out physic concepts. Approach that integrated incritical thinking skills is STEM (Science 

Technology Engineering Mathematics). 
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STEM is an approach which integrated sciences, technology, engineering, and 

mathematic in the learning process. This integration in the learning process can promote the 

student to develop their thinking skill. This research is continuing and conducting by   that 

Lamb, et al. (2014) which claims that using STEM in the learning process ca assess the thinking 

skill of the lis to conclude student. Based on the statement, it clear to conclude STEM approach 

in performance assessment is assumed can assess critical thinking skill of student. 

Integrating on the previous statement, in physic learning is need an asessment which can 

operate to assess critical thinking skill of the student in the classroom learning process. In 

addition, assessmen can supported by an approach which integrated on science, technology, 

enginering, and mathematic. In short term, performance assessment for critical thinking skills 

based on STEM is an intruemnt which urgen to develop in physics learning.  

 

DISCUSSION 

Performance Assessment in Physics Instructional 

Airasian & Russell (2008) and Miller, et al. (2011) state that performance assessment is 

an assessment in acquisition process, application of knowledge and skills through a process in 

doing task that shows the mamality in its performance capabilities through the result of process 

product. In line with these opinions, Nitko & Brookhart (2011: 246) argues, "performance 

assessment requires the student to create a product or demonstrate a process, or both, and uses 

clearly defined criteria to evaluate the qualities of student". Based on the statement, it is clear 

to conclude that the assessment of performance is a set of assessments that are used to measure 

the performance of students to solve the problems which presented in the learning process. 

Performance assessment in physic learning is an assessment which developed for 

assessing a procedural science of students in conducting the experiment and product in 

resulting on the performance process. It also supported by the Miller, et al. (2011: 261),” 

performance assessment provide a basis for teacher to evaluate both of effectiveness of the 

process or procedure nused (e. g., approach to data collection or manipulation of instrument) 

and the product resulting from performance of task (e.g., completed report of result or 

completed artwork). 

Performance Assessment in physic learning using some criteria such as the Mardapi 

opinion (2007:8) states that most of usage performance asessment is in the sains and technology 

field. Performance assessment criteria is started to determine set of criteria in scoring to plan 

the measurement how big the criteria will be able to conduct by the student (Thomas, 2007: 



 

147 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

26). This scoring is not competiive characterized and mostly use in learning activities  

correctness. The purpose of the scoring criteria is to know the student’s ability based on th 

other criteria. The resulting of scoring criteria is comparing with the scoring rubric criteria in 

the last. The student indicate already get performance assessment which hoped if the 

performance that already done  (Mardapi, 2007: 140) 

 

STEM in Physics Instructional 

STEM is a learning approach that integrated on four fields of study. STEM was first used 

by the National Science Foundation (NSF) refers to programming which related in science, 

technology, engineering, and mathematics (Gelfand, 2008: 2). STEM (Science, Technology, 

Engineering, and Mathematics) trying to intergrate in four field such as science, technology, 

engineering, and mathematics (Wiswaal, et al., 2014; Chung et al., 2014) into a holistic unity. 

National Research Council claims that STEM learning is one of the most effective ways 

to assess an analysis process, curiousity, experiment, problems solving, and explore anything 

which needed in the modern work world (2003: 16). Hanover Research (2011: 2) also claims 

that STEM is a reform movement in the field of science, technology, engineering and 

mathematics which aims to foster STEM and STEM literacy skills. STEM is also defined as a 

references that include an interdisciplinary approach and aims to foster a better understanding 

of each subject through linkage emphasis the areas of science, technology, engineering and 

mathematics. 

STEM education try to develop soft skill such as scientific investigation and problem 

solving skill (Katehi, et al., 2009: 17). The effectiveness of this skill, STEM education try to 

build STEM literacy. STEM literacy refers to individual ability to implement the 

comprehending in natural ligfe whch integrated on fourt domain. Table 1 is explain about 

STEM literacy in every categories (National Governor’s Assocition Center for Best Practices, 

2007: 7). 

Tabel 1. STEM Literacy 

STEM Literacy Explanation 

Science Literacy 
The ability in using science and applying contextual problem 

solving solving.  

Technology 

Literacy 

The students know how to use new technology which developed, 

undertanding new technology which developed, and have an 
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ability to analisis how the technology give a significant effect in 

society life. 

Engineering 

Literacy 

Understanding about how technology which developed by using 

engineering desaining process  will use in study based project 

which integrate in every subject.  

Mathematics 

Literacy 

The abilty of student to analyze the reason and to communicate an 

idea effctively because of activate the students to formulate, to 

solve, and to construct the meaning as a solution of mathematic 

problem in every condition. 

 

At Tennessee's K-12 STEM Ed Report Card, physics is one subject in which correlating 

in a STEM field. Physics is one part of the science which learn physical inorganic objects in 

nature. In shortly, the position of science is specified in physics. Moreover, the other 

components will be influented with them.Technology approach, engineering, and 

mathematics will be more specifically on physics theories and technologies which related on 

the physics. 

 

Critical Thinking Skills in Physics Instructional 

Ennis (1996: 50) define that critical thinking is anreflective thinking that focuses on 

decisions pattern about what things should be believed and done. It also supported by Johnson 

(2002: 86) states that critical thinking is systematically process, purposeful, and clearly that 

used to shape and build trust development and take action for giving opiniom in organized on 

the mental activities such as solving a problem, making a decision, persuading, analyzing 

assumptions, and conducting research. 

Based on the statement, it is clear to conclude that critical thinking is a  process to take 

a decision which guided and well-organized. Another that, in critical thinkingactivities, student 

shouldbe able to consider things that will be happen after making a decision. Critical thinking 

skills embodied in an action, not only on the process of thinking (cognition) that can be 

developed with solving a problem and do some inquiry activities which based on the research. 

Based on the research of Blattner and Frazier (2002), critical thinking skills can be 

measured with performance assessment which developed with scroring rubric. Measurement 

of critical thinking skills using performance assessment is done because of multiple choice 
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questions can not measure specific knowledge in the field of sub tests such as inference, 

deduction, induction, and evaluation. As a consequences, critical thinking skills must include 

indicators that can be applied in the assessment of performance as well as a procedural 

problems with multi-response format. 

Critical thinking skill can promote to conduct students in problem solving (Sulaiman & 

Eldy, 2013; Yamin& Malsek, 2012). Another that, critical thinking skill also can develop with 

metacognitive strategy such as research which conduct by Ku & Ho (2010: 251). Based on the 

statement, it is clear to conclude that critical thinking skill which developed must started using 

problem solving until the student can apply their comprehending in thinking strategy. 

The research which conduct by Erceg, et.al. (2013: 65) also using problem to develop 

critical thinking skill. Poblem in physic learning  which served  and demand the students to 

solve the problem, identification) and solution. This way can develop in criticil thinking skill 

of the student. 

The critical thinking skill research can as an references in developing critical thinking 

skill in physics studies. Based on the statement , it’s clear to conlude that performance 

assessment in this research is refers to assess the critical thinking skill of the students  in 

conduct experiment and practicum on physic  studies. 

 

Implementation of Performance Assessment Based STEM for Critical Thinking Skills  

Performance assessment as mention as earlier is a set of instruments which is arranged 

based on some indicators of critical thinking skillsand  used during the learning process. 

Assessment of performance also includes STEM approach that integrated on learning of 

science, technology, engineering, mathematics. Furthermore, Lamb, et al. (2014) states that in 

the learning process that using STEM will promote the thinking skills of students. 

Based on the principles of assessment for learning proposed by Florez & Sammons 

(2013) state that assessment not only used to measure but also to enhance the learning 

objectives which apppropriate with asessment purposes. A set of instruments in this research 

were equipped with lesson plan for teacher as a guide in applying performance of 

assessment.This lesson plan is compiled with STEM approach that will be applied at each steps 

of learning. Using STEM approach in physical learning is able to solve a problem contextually 

with mathematical calculations and operate the physics tools lab, and also use a technology to 

find out concepts. Model that use is a a model that refers to find of conceptual processes 

independently, so that students is directed to think critically in solving the problems which 
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presented in applying the concept of science, using the physical tools lab, using the software 

to analysis the data in mathematical calculations. 

One of the ways that used to find out the the concept of physics is conducting an 

experiment using scientific method. Dewey, et al. (1998) stated that critical thinking skills can 

be associated using scientific method or in other words using science as oriented subjects. 

Scientific thinking is described by several indicators auch as identifyy a  problems, formulate 

an hypotheses, collect a relevant data, analyze and evaluate, and make a conclusion from 

research result.. 

Miri, et al. (2007: 365) also developed several indicators of critical thinking skills in the 

experiment. These indicators are: (1) identify a problem; (2) designing the experiment; (3) 

collecting equipment owned; (4) develop hypotheses; (5) specifying the instruments to be used. 

Research to get the result that there are find a differences in the critical thinking skills of 

students in the controlclass and experimental class. 

In addition, research Qing, et al. (2010: 4566) also develop critical thinking skills in the 

learning process. Experimental process can stimulate students to be active in learning. In the 

experimental process students are required to find a problems, develop a hypotheses, selecting 

an experimental tools, doing an experiments, applying chemistry theory to solve the problems 

contextually.  

Some of research result give reinforcement about the indicators of critical thinking skills 

that can be operationalized in the experiment. Furthermore, the indicators of critical thinking 

skills which developed in students worksheet such as : (1) identifying problems; (2) 

constructing solution of the problem; (3) making an hypothetical experiment; (4) designing an 

experiment; (5) controlling material and instrument; (6) doing experiment; (7) interpreting the 

data in the experiment; (8) identifying an error analysis in the experiment; and (9) constructing 

conclution based on data experiments. Each indicator is described in four descriptors to fullfil 

the the criteria of critical thinking skills. 

Assessment of performance that already includes some indicators of critical thinking 

skills which implemented in the learning process and also supported by STEM approach. 

Indicators of critical thinking skills that had been developed in the assessment of performance 

into a series of systematic performance that shoul be done by a student in the learning process. 

Based on set of performance assessmet series, student integrate the fields of science, 

technology, engineering, and mathematics which applied in the assessment to solve physics 

problems. It’s clear to conclude that the idea of STEM-based performance assessment can 
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develop critical thinking skills of students. This explanation can be seen in diagrams 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagrams 1. Modelling Performance Assessment Based STEM in 

Physics Instructional for Student’s Critical Thinking 
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Physics instructional studies is expected to produce students who have the competence 

and skills. Critical thinking skills is one of skills that needed in the 21st century. Performance 

assessment based on STEM is an idea that direct students to promote their critical thinking 

skills. Science is defined as a science which place out physics as a natural science in the form 

of concept that can be applied in a natural life, the usage of technology in a process of 

inventional concept, engineering is an physical project in the form of simple tools, and 

mathematics will help in calculation concept mastery. Performance assessment used in the 

study was designed to include the indicators of critical thinking skills systematically. Student 

are required to apply the usage of STEM skill for the purpose to promote their critical thinking 

skills as the required to fulfill a set of performance assessment indicators. In that case, the 
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implementation of performance assessment based on STEM in physics instructional can 

develop critical thinking skills of students. 

This idea is suggested for teacher, lecturer, student, scholar not only applied in physics 

studies but also chemical studies. Implementation of idea is suggested in experiment method 

because it’s easy to conduct. 
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Abstract 

The development of technology makes it easy to access the required information. As well as 

information relating to the subject matter of school, both online and offline. One of the online media that 

is easy to access and use is web blog. One of the matter, it’s matter of biology requires the media to learn 

easily accessible, available, and easy to understand. This relates to the nature of biological materials that 

has the theoretical content, illustrated and contains an explanation of the process. It can be applied to the 

web blog media. 

 The purpose of this study was to determine the research that has been done to what extent the 

media web blogs can be used as a media of online learning and give idea to develop learning media 

based web blog. The method used in this research is method literature. Literature obtained from the 

results of research in the form of a journal, thesis research results , books and articles relating to research 

on the web blog as a media of learning. 

Based on the results of research using literature study, there have been several studies that 

successfully developed web blog into biology teaching media are easily accessible and content easy to 

understand. However, the research did not cover all the lesson material in biology. So, we need 

development about web blog for media learning in biology, and making it easier for students to obtain 

lesson material in accordance with the competence to be achieved. 

 

Keyword: learning media, biology, web blog 

 

INTRODUCTION 

The advancement of information and technology (IT) in the 21st century demand people 

can use technology. In the education sector, teacher or teacher candidate should be able to use 

and developing IT for learning activities. It is included in Law on Teachers and Lecturers No. 

14 of 2005 that teachers must have a commitment to improve the quality of education by 

mastering science, technology and art to national development in education. Therefore, teacher 

or teacher candidate should be able to use technology as a resource and media learning. 

IT progress is expected to be a bridge toward the reality of learning. According to 

Darmawan (2014), IT development able to process, packaging, display and disseminate 

information of learning becomes more attractive. With the utilization of the right technology 

can be used as a learning problem solving. One of the innovations of technology-based learning 

is a web blog using internet access. 

Based on a study conducted by the Association of Indonesian Internet Service (APJII, 
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2014) in two decades, starting from the initial phase of Internet development in Indonesia in 

the 1990s, the number of internet users increased rapidly.Internet usage in the education sector 

showed the data 8.3%. This data is still far compared to internet usage in the trade sector, which 

reached 31.5%.This needs to be encouraged to use the Internet in the education sector, 

especially in learning. 

Biology is one of the subjects at school. In biology learning there are abstract content. So 

that need for visualization using image or video. According Riandi, biology learning is a 

process that requires the student activity. Student activity may include learning activities using 

media that is easy to use. With the media learning are engaging and quality will enhance the 

learning activities that have an impact on student achievement. 

In this study present about data of research, principle of media selection, and benefit web 

blog in learning.  

 

RESEARCH METHOD 

This study aimed to examine the use of web blogs as a media of learning. The research 

methodology used is the study of literature. Literature used are journals, books and internet 

articles. Based on the study, it is expected to be a source of ongoing research continuing to 

develop web blogs as a media of learning biology according with the competence that will be 

achieved. 

 

RESULT AND DISCUSSION 

There are several studies on the web blogs as a learning media. Based on the results of a 

literature review of data obtained as follows in Table 1. 

Table 1. Research Data of Web Blog Year 2011-2014 

Title of Resarch Year Researcher 

Pengembangan Media Pembelajaran Berbasis Blog pada Materi 

Sistem Saraf Kelas XI 

2014 Galuh Alif 

Fahmi Rizki 

Pengembangan Media Pembelajaran Blog pada Materi Pencemaran 

Lingkungan untuk Kelas X 

2013 Fitroh Dwi 

Apriliawan 

Hariyoto, 

Novi 
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Title of Resarch Year Researcher 

Kartika 

Indah, Sunu 

Koncoro 

Penyusunan Media Belajar Biologi Berbasis Blog pada Materi 

Hubungan Makhluk Hidup dengan Lingkungan 

2013 Fenty Dwi 

Chomariyah, 

Sudjoko, 

Paidi 

Pemanfaatan Blog sebagai Media Penyampaian Materi Protista 

untuk Kelas X SMA 

2011 Erna 

Martiani 

Blog sebagai Alternatif Media Pembelajaran 2011 Mariana 

Kristiyani 

Web blog is a web application which there are writings.According to Tim Wahana 

Komputer (2013: p. 2) content of web blog is usually shown to a wide audience using URL of 

web page. A blog (weblog = web + log) is a website where entries are made in journal style 

and displayed in a reverse chronological order. A typical blog combines text, images, 

videos,and links to other blogs (blogroll), web pages, and other media related to its topic 

(Education Blog, 2015). 

Web blogs can be used as a media of learning biology. Smaldino (2014), media is a tool 

communication that carry information between a source and the recipient. In choosing the 

media need to be considered the situation of teaching, reader variables, character and purpose. 

So, we need to be considered when will developing and use web blog as a learning media.  

Results of research conducted by the Fitroh et al, shows that media web blog theoretically 

feasible with percentages 91,9% and empirically with percentage 92.7%. In this study contains 

pollution of environmental material. The material according with the purpose of learning. 

Aspects of the language get percentage of 88%. All aspect in this research, web blog can use a 

learning media in biological material.  

Research that was done by Fenty Dwi Chomariyah, Sudjoko, and Paidi with the title 

“Penyusunan Media Belajar Biologi Berbasis Blog pada Materi Hubungan Makhluk Hidup 

dengan Lingkungan”  have purpose to produce learning media based web blog. The material 

based from local potential resources of irrigation canal in Tambak Boyo that relating with study 
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of protozoa affluent. 

 In 2011, Erna did a research about “Pemanfaatan Blog sebagai Media Penyampaian 

Materi Protista untuk Kelas X SMA”. Based in her research data, percentage of material 

reasonable is 100% and percentage of media is 87%. Web blog that was develpoed is suitable 

for learning media. 

Article by Mariana Kristina with the title “Pemanfaatan Blog sebagai Media Penyampaian 

Materi Protista untuk Kelas X SMA”is published in magazine. It is discuss about history of 

web blog, kind and utilization of it as learning media and resources. Web blog was first 

popularized by blogger.com that owned by PyraLab. In its development, web blog experiencing 

significant growth with open source aplication. It is widely used by teachers as a learning 

media. Teacher and students can interact and discuss in the comments section of web blog. 

In use web blogs as a learning media must pay attention to the principles of media 

selection. There are compliance with the learning purpose and characteristics of students; 

clarity of the material; accessibility, affordability, and availability; interactive and student-

oriented. Gafur (2012: p 104) argues the importance of choosing the right media, because not 

all media is suitable for learning and students. 

Web blog has benefits for teachers and students. According Education Blog (2015), The 

benefit is weblogs written by teacher are mainly used as an additional communication channel 

to share information with students. Teacher weblogs usually contain course content, course 

management information, general commentary to all students about their learning progress. 

For students, weblogs written by students are basically learning weblogs or project weblogs. A 

learning weblog is a learning diary that reports the learning experience, both the learning 

content and the learning process. 

Biology is perfect for blogs, allowing teacher to write about the contents. Write a plan for 

an lesson to be performed the next day. Watch a video of an experiment and write about the 

results. Write a summary of the day’s lesson. Post about experiences, observations, and 

learning from a science activity as material  study (Parisi, 2012). Video is important is inserted 

into a web blog. Video is a combined visual and audio that can stimulate the senses of hearing 

and vision (Prastowo, 2014). So that the biological material that is abstract can be explained 

by using video. 

The use of web blogs as biological learning media must consider the benefits. Asyhar 
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(2012) argue that learning media is important. It is overcome the lack of existing media. Media 

that developed according to the needs, potential resources and school environment. Moreover, 

it can improve the creativity. and the ability of reacher innovation in making quality learning 

media. 

Constraints in the use of web blogs as learning media is lack of equal distribution of 

internet facilities in schools. According to data APJII 2014, unequal distribution of 

development and availability of the Internet infrastructure in Indonesia services are not same 

in every region. whereas reliable internet access in all areas including rural areas were 

identified as a key factor of development. Asyhar (2012, p. 83) explain that in the selection of 

learning media should pay attention to the principle of availability of facilities and 

infrastructure. 

Not all educators at the school and students can use IT and web blogs. So, there are need 

for training for educators and students to be able use web blogs as learning media. There are 

expected to be development of web blogs as biological learning media in accordance with the 

competence to be achieved. 

 

CONCLUSION AND SUGGESTION 

Research on the web blog very necessary and developed to support the adequacy of 

learning media. The research that has been done can serve as a relevant study and to conduct 

research sustainable toward the development, so there are available learning media on 

biological materials.  

As a teacher it is important to develop and use web blog as a learning media. Teachers need 

to have the ability in the field of IT, especially web blog. Therefore, need for training for 

teachers to improve themselves in the field of IT. Equal distribution facilities of the Internet in 

the education sector needs to be done to support progress in learning activities. 
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Abstract 

 Students should be prepared to cope with this world with higher level skills 

involving critical thinking and science process skills, so that they can solve 

problem in education learning and other fields. Besides, the main reason is those 

skills should not be separated. Critical thinking skills can be developed by 

enriching students’ process skills. Getting students to think critically and act in 

accordance with science process skills that students have will improve their 

cognitive and skill aspects. Unfortunately, those students’ ability is not balanced 

with the current assessment. The prior assessment should be changed to integrated 

assessment that provides a framework for assessing both students’ critical thinking 

and science process skills. It enables teachers to determine the extent to which 

students are reasoning critically by integrating science process skills as primary 

tool for learning. The purpose of this study is to find why integrated assessment is 

needed to measure critical thinking and science process skills in integrated manner. 

Key words: critical thinking skills, integrated assessment, science process skills 

 

 
INTRODUCTION 

Nowadays, we are in the area of science and technology where scientific knowledge 

has grown exponentially and technology has progressed at rapid pace. Science education plays 

a role major for the futures of societies. Globally, countries have continously sought to improve 

the quality of science education particularly developing countries. Based on UU 20/2003 

(Depdiknas, 2003) the government construct curriculum to produce human resources who are 

productive, creative, inovative, and affective througout attitude, skills, and knowledge in 

integrated manner. Those potency can be materialized if the science learning process can grow 

students’ critical thinking and science process skills, so do chemistry as a part of science.  

Recognizing the importance of the development of critical thinking and science 

process skills, lately several studies that are related to that have been done. The reasearch 

conducted by Rahma (2012) has established that students in SMAN 2 Semarang have low 
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critical thinking skills. Besides, according to a research conducted by Sukarno (2013), the 

training for the development of science process skills of students at school is a necessity. In 

Jambi, training and development of students’ science process skills in science teaching and 

learning activities are still relative low. Research has repeatedly shown, however, that students 

and teachers can be excited by chemistry activity involving creativity, problem solving, 

modelling, and interest-led projects (Howes, 2013). This trends raises issues about how 

chemistry is taught in schools. 

Getting students to think critically and act in accordance with science process skills 

that students have will improve their cognitive and skill aspects, hence it is important for 

teacher to be able to create assessment and questioning strategies. In general, current 

assessment practices do not fit the needs and demands of today’s information and knowledge 

societies (Birenbaum, 2011). Furthermore, current assessments is not enough because more 

focus on cognitive than skill aspect. It will become a great step to develop an instrument that 

can measure critical thinking and science process skills in integrated manner. Therefore, this 

study literature focuses on integrated assessment. Thus, the purpose of this study literature is 

to find why integrated assessment is needed to measure critical thinking and science process 

skills in integrated manner. 

 

DISCUSSION 

Students should be prepared to cope with this world with higher level skills involving 

critical thinking and science process skills, so that they can solve problems in education 

learning and other fields. In other words, Aktamis (2008) argued that the purpose of science 

education is to be able to define the problems around them, to observe, to analyze, to 

hypothesize, to experiment, to conclude, to generalize, and to apply the information they have 

with the necessary skills. Besides, the main reason is those skills should not be separated. In 

science process skills, students are demanded to solve problem requiring thinking critically. 

Critical thinking and science process skills are both essential for students in all aspects of 

science studies. Students must be capable of knowing, doing, and thinking. They should 

possess the dispositions and thinking skills necessary to work with and solve problems. 

However, Rollins (1990) conveyed that to apply the principles of critical thinking requires a 

level of competency over and above knowledge themselves.  

The characteristic of critical thinking skills have been described in various perspectives 

by scholars. Ennis (1993) defined critical thinking as the upper three levels of Blooms’ 
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taxonomy of educational objectives (analysis, synthesis, and evaluation). Furthermore, Moore 

(2010:6) explained those three levels: (1) analysis is breaking information into parts and 

examining those parts by looking for relationship, (2) synthesis is taking something apart and 

creating something new, (3) evaluation is judging something based on a set of criteria. Piaw 

(2010) declared that in Bloom’s taxonomy of higher thinking, the evaluation skills is the 

highest level of effective learning and thinking processes. Other scholars (Beyer, 1995) offered 

the simple definition of critical thinking: critical thinking means making reasoned judgments 

on statements, new ideas, arguments, research, etc. Critical thinking is an element and has a 

central role in education (Moon, 2008:7). Based on the theories and researches evidences 

documented by scholars, we describe that critical thinking plays a role major in education and 

can lead students to solve problem by making reason critically.  

Other main skills that students should have to develop their fundamental scientific 

understanding is science process skills. Sukarno (2013) declared that in science teaching and 

learning activities, it is important to develop science process skills to ensure that students 

master the concepts taught well. Science process skills include skills that every individual could 

use in each step of his/her daily life by being scientifically literate and increassing the quality 

and standard of life by comprehending the nature of science (Aktamis, 2008). Therefore, these 

skills affect the personal, social, and global lifes of individuals. The science process skills is 

the process of doing science that scientist use in the process of doing science.since science is 

about asking questions and finding answers to questions, these are actually the same skills that 

we all use in our daily lives as we try to figure out everyday questions. 

 Assessment and learning are two sides of the same coin. Assessment provide an 

operational definition of standards, in that they define in measurable terms what teacher should 

teach and students should learn (National Academy of Sciences, 1996: 5). Teacher should 

constantly and consistently be assessing what they teach. Otherwise how will teacher know 

whether the students have learned what has been taught. Unfortunately, those students’ ability 

is not balanced with the current assessment. The prior assessment should be changed to 

integrated assessment that provides a framework for assessing both students’ critical thinking 

and science process skills.  As a consequence teacher should be able to construct accurate 

assessment for measuring those skills. The engagement of critical thinking and science process 

skills opens opportunity integrated assessment to measure those skills in integrated manner.  

Current assessments in chemistry learning focus on cognitive skills rather than process 

skills. Meanwhile the nature of chemistry is defined as a body of knowledge, a way of 
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investigating, and a way of thinking. Mutisya (2014) argued that those are connected each other 

because science process skills promotes development of the students’ cognitive domain. Thus, 

integrated assessment is a good tool to assess students’ skills. The teacher should realize that 

integrated assessment focuses on assessment of learning rather than assessment for learning. 

Birenbaum (2011) declared that they are limited in scope and lead to teaching for assessment, 

not teaching for learning. However, it is a big deal to assess both critical thinking and science 

process skills.  

Critical thinking can be very difficult to measure in part, this is because critical thinking 

is an ongoing process rather than a recognizable outcome. Brookfield (Askins, 2006) stated 

that critical thinking means that an individual is continually questioning assumptions, 

considering context, creating and exploring alterrnatives and engaging in reflective skepticism. 

The science process skills might become difficult aspect to assess because it ensures that 

students master concepts taught well. Fortunately, tools have been developed to capture this 

difficulty, such as California Critical Thinking Skills Test (CCTST), Critical Thinking Rubric 

used by Norteastern Illinois University (NEIU), Science Process Skills Performance Test 

(SPSPT), and many others. However, in our country such instrument is not developed well.  

Chemistry is fully understood or not is determined through measuring critical thinking 

and science process skills. It is because curriculum in Indonesia (K-13) demands students to 

get involve in engagement between cognitive and process skills. Thus, the teacher is expected 

can assess comprehensively. On the other words, the assessment includes many aspects in 

learning competency in accordance with the context, wheter process or result evaluation. 

Basically, assessment is teacher’s activity to find the level of success that student has been 

achieved.  It must be remembered that the purpose of assessment is not only to rank the 

students’ performance, but to improve their learning (Hunter, 2003). The issues in reality is that 

teacher is tend to be assessing cognitive than science process skills. Those should be changed, 

so that the goal of chemistry learning can be reached.  

It has been said by one of the UK Examination Boards that,  

“assessment can be used as a means of selection, as a way of diagnosing strenghts and 

weakness, and to assisst with evaluation. Its most important use, though, is for judging 

performance in education and training so that qualifications may be awarded” 

(Scottish vocational Council [SCOTVEC], 1993).   

Therefore, Hunter (2003) stated that as an Examination Board SCOTVEC use assessment as a 

means of awarding qualifications. The instrument integrated assessment has function to 
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provide advanced assessment and to provide information for the teacher (van der Sluijs, 2002). 

In integrated assessment, each question have two indicators: critical thinking and science 

process skills. It means that the integrated assessment is multi dimensional assessment. 

Besides, it can benefit for students because they are given a chance to answer the question 

indepedently, as a result teacher can investigate the student’s ideas. Basic content knowledge 

can be assessed through multiple choice, but critical thinking and science process skills is 

effectively assessed through essay. This can promote student growth in variety of dimension 

and develop their ideas.  

 

 

CONCLUSION AND SUGGESTION 

This study concludes that assessment instrument should balance with the students’ 

cognitive and process skills. Hence integrated assessment should be developed in order to 

measure critical thinking and science process skills in integrated manner in chemistry learning. 

Further studies could construct valid and reliable integrated assessment measuring 

critical thinking and science process skills in integrated manner in chemistry learning. In 

addition, the integrated assessment can be applied as an accurate assessment tool in right 

condition.   
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Abstract 

The aim of this research are (1) Developing “Pla-Bio  Games” Digital media the 

diversity of plantae for senior high school students (2) to analyze the feasibility of 

“Pla-Bio  Games” as learning media. Methods: This research using the educational 

research and development. R&D consists of ten steps: (1) research and information 

collecting, (2) planning, (3) develop a preliminary form of product, (4) preliminary 

field testing, (5) main product revision, (6) main field testing. (7) operational 

product revision, (8) operational field testing, (9) final product revision. (10) 

implementation. This media is validated by 2 expert in material and media aspect. 

Field testing conducted at a senior high schools in Indonesia as many as 96 students 

in Senior High School 1 Kendal. Methods of data analysis using percentages 

description. Conclution : Digital “Pla-Bio  Games” very feasible to use in learning 

plantae, received positive response from students and teachers. Eligibility criteria 

of  “Pla-Bio  Games” material and media aspect is very Well criteria with 

persentage 95,62 % and 94,17%. 

 

Keyword: Digital learning media, “Pla-Bio  Games”, senior high school student, 

diversity of plantae 

 

 

INTRODUCTION 

Plantae is one of the subject material that learn by the students in Grade X in Senior 

High School that learn about many kind of plant in the earth (Rohwati et al., 2012 ; Idris et al., 

2008). This material have very complex diversity and that can we found in nature around the 

students or in very limited number. Therefore it is necessary to facilitate with learning media 

for students to studying Biology. According to Prasetya et al (2008) and Warsita et al (2008) 

learning media are tools that helps teacher in providing students' understanding of a concept. 

Along with the global changes in the development of knowledge and technology, related to 

education in the school system, teachers are required to develop a learning media but learning 

media currently get less attention from teachers (Sutjiono et al., 2005). When students open 

biology textbooks, students will see a page that full of text, sometimes pictures that is so small 
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and unclear. The more thick book that they read, the more small words that students will get. 

This problems make them so bored and not motivated to learn. 

Based on the results of the media needs analysis in five senior high schools in 

Indonesia, instructional media that had been used less varied. The teachers use instructional 

media on the material of mosses, fern, gymnospermae, and angiospermae diversity such as 

textbooks and modules, but students are lessly interested in the media so that students feel 

tiredly and sleepy. Many students want more diverse of learning media that used by the teacher 

in mosses, fern, gymnospermae, and angiospermae which has an attractive appearance, 

practical and easy to understand, convenient for viewing, can stimulate students to learn, easy 

to use, and based on modern technology. So, it need for the development of instructional media 

on the material of fern and mosses in the  form of pla-bio games. Pla-bio games or Pterodophyta 

Photonovela. Photonovela is the form of photographs that made as real as possible which is 

applied in the form of a story, but the story is created in digital form based on Android 

smartphone, which can be operated in the mobile media. Based on the report of  Aji e al (2011) 

More than 75% of middle school students in the world have mobile phones, and this number 

will continue to increase along with the development of information and communication 

technology. Mobile phone is an important tool for communicating, but the developments are 

very rapid currently create mobile phone with android application (Wahyu et al.,2008). 

Android-based smartphones can be used not only to communicate but also for learning, one of 

the examples is the application of interesting learning media. Most of students realize android 

application as a form of entertainment, but as a way of learning that is challenging and fun. If 

Android can be used as a means to convey a compelling story fotovovela shaped, of course, 

can also be used to deliver learning materials. Based on this potential used of smartphone it is 

necessary to apply in digital era based on android application. 

Based on the results of preliminary observations showed that Plantae in Medini forests 

had greatly variation. This is because the habitat of Plantae are moist areas, so that forest sites 

are located in the area that has a high humidity that is very suitable for Plantae life. Plants that 

studied are the type of liverworts (hepaticopsida), hornwort (antheropsida) and mosses. It also 

conducted research the types of ferns such as horsetail (Equisetum) and true fern (pterophyta), 

gymnospermae aand angiospermae. Based on the Results of the study need to develop an 

instructional media in the form of photonovela that innovative and interesting. The aim of this 

study are (1) Developing pla-bio games Digital android Media based on diversity of Plantae 

for senior high school students. (2) to analyze the feasibility of pla-bio games as learning media. 
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RESEARCH METHOD 

Research Approach 

This study combines Educational Research and development and experimental 

research. Stages of the research process of  R & D based on Brog and Gall (1983) consist of 

ten steps: (1) research and information collecting, (2) planning, (3) develop a preliminary form 

of the product, (4) prelimina1y field testing, ( 5) main product revision, (6) main field testing. 

(7) operational product revision, (8) operational field testing, (9) the final product revision. and 

(10) dissemination and implementation. 

Time and place 

Plantae diversity research carried out in the Medini forest, that located in Kendal, 

Central Java, Indonesia. Time of research conducted in the second semester of academic year 

2014/2015, on March until September 2015. The product testing conducted in 2 secondary 

schools on Indonesia: Senior high School 1 Jepon and Senior high School 1 Kendal. 

 

Stages of research 

1. Research and information collecting is done by conducting research of Plantae diversity in 

Medini forest The location used is in the area of the river flow. Then the identification is done 

with parallel keys, recording of data in the form of descriptions and classifications, create of 

herbarium, at this stage also conducted a media needs analysis study at 2 schools in Indonesia. 

2. Planning and develop preliminary form of product, Planning consists of a flowchart 

compilation, making draft media, Outlines of Contents and storyboard of pla-bio games. (1) 

create a flowchart media and make outlines of media content. (2) the manufacture of a derived 

materials that discuss the content of the material. (3) the preparation of the story board that 

discusses more details about the object such as display, text, audio, narration, animation, color, 

the design of media content and other aspects that should be included in pla-bio games. (4) The 

media creation with Adobe air with finding and selecting a variety of scripts to be used. 

Minimal hardware used in developing multimedia is a personal computer (PC) with these 

specs: Intel Pentium Dual core 2.0 GHz or higher, 128 MB RAM, hard drive 150 MB Monitor 

SVGA with a resolution of 1024 x 768, the operating system Windows 7 (5) finishing 

manufacture program. After making the media completed compiled into the application form. 

3. Prelimenary Field Testing / feasibility of pla-bio games is taken using eligibility criteria of 

instructional media by used a questionnaire to the media expert and material expert. 
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Data Analysis Method 

1. The data analysis of pla-bio games feasibility  

Analysis of the questionnaire data on media experts and material expert response is 

used descriptive percentage techniques. The scale of measurement variables in this study refers 

to the Likert Scale 1-4 (Arikunto et al., 2006). Scores were then calculated using the formula 

below: 

 

 

 

Which is  PV = the percent value, R = score that obtained, and MS = maximum score. 

Criteria for eligibility level media according to Sugiyono et al (2006) are presented in Table 1. 

Table 1. Criteria for eligibility level of pla-bio games media 

Interval Criteria Criteria 

81% ≤ PV< 100%  

62% ≤ PV < 81%  

43% ≤ PV < 62%  

33% ≤ PV < 43%  

PV < 33% 

Very Well 

Good 

Enough 

Less 

Bad 

 

 

RESULT AND DISCUSSION 

Develop prelimenary form of Product 

Applications of Pla-Bio Games size is 15.2 MB (Mega Byte), with named Medini. This 

application use Indonesian. This innovative product can be operated in all types of smartphone 

multimedia phone that have IOS or Android application, such as samsung, nokia, and others. 

PLA-BIO GAMES publishing the results presented in Figure 1. 

PV =  R/MS X 100%                         (1) 
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Figure 1: Results of Pla-Bio Games published that is ready to use at smartphone multimedia 

phone. 

The menu tha had been made are 6, with 3 main menu consists of competence, 

materials, and plant diversity in Medini forest, and additionals ie evaluation, profile, and 

references. Display menu of Bryophyta pterodophyta diversity is presented in Figure 2. 

 
Figure 2. The preview of Pla-Bio Games before revision 

 

Eligibility of Pla-Bio Games (Prelimenary Field Testing) 

Pla-Bio Games feasibility tested by two experts whom are media experts and material 

expert (prelimenary field testing), as well as through trial use by students and teachers in 

learning. Testing carried out in two phases thay are field testing and operation field testing. A 

teaching material is said to be feasible if the assessment by experts on teaching materials in 

accordance with the standards of eligibility, have a high degree of acceptability, and effectively 

applied in learning. Assessment of teaching materials include a feasibility component of 

content, language and presentation. With the standard of this assessment, it is expected that all 

PLA-BIO 

GAMES 
aplication in 

smart phone 
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instructional materials including Pla-Bio Games that had been developed in this study meet the 

standards teaching materials to produce a quality instructional materials. 

Feasibility of Pla-Bio Games material based on validation results are presented in 

Table 3. Based on data in Table 3 can be seen that the Pla-Bio Games feasible to be used as 

learning media, the level of material in classical eligibility is 95.62% in very well criteria. 

Table 3. Eligibility of Pla-Bio Games according to matter expert 

Assessed aspects Percentage 

Complete Material  95% 

Linkage between core competencies and base 

competency in curriculum  

94,67% 

The material accuracy  100% 

Presentation of material  90% 

Communicative and interactive  91,6% 

Aspects of language  100% 

The average in the  overall material feasibility  95,62 % 

Eligibility criteria Pla-Bio Games material that is very Well 

 

The results of validation in terms of media are presented in Table 4. Based on the 

validation results in Table 2 it can be seen that Pla-Bio Games reach very well criteria. Pla-Bio 

Games validated the feasibility of the four main aspects. Classically percentage of feasibility 

Pla-Bio Games obtained 94.17%. 

Table 4. Feasibility of Pla-Bio Games according to media experts 

Assessed Aspects Percentage 

Engineering software (usability)  100% 

Audio and visual communication  92,36% 

Other aspects: the design of games  95,50% 

The average of overall media feasibility  94,17% 

The eligibility criteria in terms of media is Very 

Well 

 

 

Main product revision of Pla-Bio Games 

Based on the revised design of media expert and material expert, the design of 

materials and quizzes made more attractive to the adventure game in the Medini forest, with a 

character named Velo as presented in Figure 3. 
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Figure 3: Display one of the games of pla-bio games (mosses, fern, gymnospermae, and 

angiospermae exploration in Medini Forest) after revised 

Based on the revised learning media, the first design are the pieces of plants images 

separately. At this quiz players will pair the pieces of the picture in the box that is provided to 

form the correct image. After a successful pairing player will identify the name of the plant 

species. While the True Or False Quiz, players will be faced with a statement on Mosses, Fern, 

Gymnospermae, And Angiospermae. Players asked to choose between true or false about the 

revelation. 

Field Testing 

Based on field testing results is known that most of the students assess Pla-Bio Games 

very feasible. Feasibility Pla-Bio Games on field testing are presented in Table 5. 

Table 5. Results of student responses to Pla-Bio Games on field testing 

Response Criteria Percentage 

Very Well 87.38% 

Good 10.50% 

Enough 2.12% 

Less 0.00% 

Bad 0.00% 

Operation Product revision 

Revisions of Pla-Bio Games were made based on the comments of the students on field 

testing is made to the full adventure in the Medini forest, as presented in Figure 4. 

 
Figure 4: Display adventure games in the forest after a revised Medini Pla-Bio Games 
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Operation Field Testing 

The students' responses of Pla-Bio Games that had been revised are presented in Table 6. 

 

Table 6. The response of students to Pla-Bio Games on operation field testing 

Response Criteria Percentage 

Very Well 92,19% 

Good 7,81% 

Enough 0.00% 

Less 0.00% 

Bad 0.00% 

 

Based on data in Table 6 Pla-Bio Games had better condition than was before the 

revision. According to the students, Pla-Bio Games easier for the students to classify ferns and 

mosses and various plant diversity. The media make students more enthusiastic about learning, 

so that learning becomes fun. 

Plabio Games is the learning media based on smartphone, that can be operate in the all 

smartphone that have android aplication after installing in the playstore. This media is very 

aplicative to used in teaching and learning because almost every student have handphone 

facilities as their commucation tools. This also suported with some teacher that also 

recommended their student to used an modern tools. Along with globalization era, the modern 

media such as this Plabio-games is recommended to used. Pleasant learning atmosphere is 

supported by the media that had interest appearance, especially mosses, fern, gymnospermae, 

and angiospermae adventure in the Medini forest. But, not all the species of this plant can be 

acessed in this media, but some specific plant that suitable with the base competence that have 

to know by the students. Furthermore, the design of this media is in the form of adventure 

games. According to some students of adventure games is very helpful to them in 

understanding the diversity of mosses, fern, gymnospermae, and angiospermae. Learning 

environment is attractive and fun that facilitate students in learning, so the achievement of 

students is increase (Sutijono et al., 2005). This is consistent with the statement of Dani et al., 

(2008) which reveals that education game is one of the tool in teaching and learning both 

students and teachers are quite effective in assisting teachers in learning organizing, but it also 

causes the absorption of students is higher than in a conventional group (Arsyad, 2011).  

According to Purnomo et al., (2011) the effectivity of multimedia occur because of the 

following reasons: (1) students quickly absorb information and knowledge of the material that 

had been presented, (2) pictures, videos, and animations in the media more attractive than the 
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text, (4) interactive, and (5) oriented towards problem solving. According to teacher PLA-BIO 

GAMES facilitate them to in organizing learning in order to achieve the goal of learning, 

because there is complete material and interesting material.  

 The research of Sadiman et al., (2010) reported that a computer can accommodate 

students who are slow to accept the lesson, because the use of multimedia involves various 

organs of the body begin to ear (audio), and eyes (visual). The involvement of this various 

organs makes the information easier to understand. According to (Adri et al., 2007), students 

were only able to retain 20% of the they see, 30% of which are heard, but can remember 50% 

of what they heard and seen, even they be able to remember up to 80% of the material that 

being seen, heard and do at once. This is also suported by the use of digital media in the form 

androit smartphone that practice and easy to carry anywhere.  

Media communications are easy to carry and preferred by the younger generation in 

particular android-based digital media in today's digital era, rather than the use of conventional 

methods. This is reinforced by the opinion Haryanto et al, (2010) and Purwanto et al., (2009) 

that the implementation of multimedia based learning is clearly more attractive, more 

interactive, the amount of teaching and learning time can be reduced, the quality of student 

learning better and the learning process can be done anywhere and anytime (flexible), as well 

as students' attitudes and attention can be improved. The ability of students is also increase 

especially in using technology in digital era.  

CONCLUSION AND SUGGESTION 

The results of the overall study shows that digital multimedia Pla-Bio Games very 

feasible to used in learning biology on the digital era. Pla-Bio Games smartphone aslo received 

a positive response from students and teachers especially in the matter of Plantae diversity. 

This innovative media is expected to be aplicated in schools around the world to improve the 

quality of biology learning. 
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Abstract 

 The purpose of this article is to describe the role of the physics kit practicum based on 

the PDL (personal desk lab) system. Education system especially in terms of teaching ranging 

from the elementary to secondary and higher education level is increasingly improved in order 

to give something that more effective without ignoring innovative of the content being taught. 

The way to become more motivated and familiar with the development of education in the 

science and technology field become the owner touch of the students and learners to know 

more about the application of knowledge that learned by the students, or of the development 

of science that become the trending topic nowadays. The development of the creativity level 

that supported the learning process can be improved by using the existing facilities and 

learning from nature and the environment. In Japan the practical learning system and 

understanding requires a demonstration or model are the most thing that develop by the 

education reseacher, one of the reseach is  PDL (Personal Desk Laboratory) system. PDL 

system clearly proving that this system is more effective and innovative in the way to support 

the learning process in order to make the learning process as a vehicle for self-development 

learning and knowledge that learning by the learner. PDL provide an enough large space for 

the development of students' creativity and innovation by utilizing existing facilities or objects 

around them to be a relevant model which is used as a model / practicum that suit to the the 

content being taught at the time. Effectively, PDL system will be able to motivate students to 

develop thinking and creativity and also to improve the scientific attitude of the students, in 

order to make the students able to solve the problems that finds during the learning process. 

 

Keyword: Physics Kit Practicum, PDL System, Scientific Attitude, Problem Solving 

 

INTRODUCTION 

Physics in learning can not be transacted through the transaction information only. In-

depth understanding can only come through practice skills through experience. If this can be 

done in the learning process in the classroom, then the notion of a difficult physics can be 

reduced or even eliminated. Submission of physics learning should as far as possible to bring 

the students into real life. By using real-life situations, students will find physics more relevant, 

more actively involved and motivated in learning (Popescu & Morgan, 2007). 

Demonstrations and experiments are an effective teaching method, because it helps 

learners to seek answers to their own business based on facts (data) is correct. Learners can 
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grasp concepts concretely, acquire skills in problem solving and research, and have a positive 

attitude towards science through laboratory activities (Ozek & Selahatin, 2005). Based on the 

research results Karsumi (2012) to optimize learning through laboratory activities can improve 

students' reasoning and thinking which can further improve learning achievement. 

Someone learning outcomes are determined by various factors that influence it, both 

internally and externally. One external factor is the availability of study aids that can make it 

easy for learners to learn, resulting in better learning. Limitations of the study aids or practical 

tool for this effect on student interest. Therefore it is necessary to optimize the use of props or 

tools in teaching physics lab. 

Physical characteristics based problem-solving skills can be trained through efforts to 

resolve the problem with the scientific method. A student must have a critical attitude shown 

during the study in order to find the symptoms or identify any problems so that students will 

be able to solve the problem of the problems it finds. Laboratory activities both practical and 

experimental facilitate the development of all aspects of learning include products, processes, 

and attitudes. Students solve problems through the process of identifying problems, develop 

hypotheses, predict the consequences of hypotheses, conduct experiments to test the 

predictions and formulate simple general law organized from hypotheses, predictions and 

experiments. During this process takes place the students are accustomed to using scientific 

attitude. Habits are repetitive expected to grow into the character and internalized in students. 

Learning Physics today is focused on aspects of the product. Aspects of the processes 

and attitudes still neglected. PISA research results from 2000 until 2012 which stated that the 

ability of science students Indonesia is still low. This shows that the process of science, 

including the ability to solve problems and attitudes of science, including scientific attitude is 

still low. Learning in the classroom tend to emphasize the mastery kon¬sep and the exclusion 

of problem-solving skills (Hoellwarth, et al, 2005). Density of learning materials and 

curriculum demands lead teachers focused on delivering all the material in accordance with the 

scheduled time. Strategies to solve problems given at study only emphasizes on solving 

problems that require mathematical calculations (Ogilvie, 2009). Solving problems requires an 

understanding of physics is often neglected. As a result, students find it difficult to distinguish 

the two problem-solving strategies that are different from the same problem. Students are able 

to complete simple quantitative problems but not able to solve problems more komp¬leks 

(Redish, 2003). 

Laboratory activities is an appropriate method for improving the scientific attitude and 
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problem solving skills of students. However, the management of the Physics Laboratory in 

Indonesia have not been optimized. Constraints faced by most developing countries such as 

Indonesia is the lack of Physics lab equipment. DG Restra Dikmen in 2010-2014 reported that 

less than 25% of schools in Indonesia that meet the standards of Physics laboratory equipment. 

Practical implementation in schools rely on the tools produced by the factory with a high price. 

Various alternative solutions can be applied to resolve the issue. Teachers can develop practical 

kit with materials that are easily obtainable. Lab kit developed by PDL system (Personal Desk 

Lab) has various advantages such as: 1) cost-effective, 2) easily found in the neighborhood, 3) 

friendly to the environment, and 4) contribute to the economic development of micro-society. 

However, the physics lab kit that is still limited and not sufficient to meet the needs in school. 

The lack of equipment that is not one of the factors inhibiting practical activities. 

Schools rarely conducting practicum because the practicum is considered time consuming. 

Physics learning in school is used by teachers as effectively as possible to resolve the matter in 

accordance with the demands of the curriculum. In fact, the laboratory activities can be 

maximized to explain various physics concepts through lab kit. Kit practicum developed with 

the aim to convey the concepts of physics so it is more efficient place, time, and cost. 

In line with the development kit physics lab, scientific attitude and problem solving 

skills of students can be improved with PDL (Personal Desk Laboratory) system. Through the 

PDL system students have the space for the development of creativity and innovation. PDL 

system utilizing existing facilities or objects around to serve as a model / practicum relevant to 

the material being taught. Students are directly involved from the planning, determination of 

tools and methods, until the final stage of solving the problem. However PDL system has not 

been optimized in physics learning in school. 

Demands as professional teachers at least able to contribute more in addition to 

teaching duties. Teachers are able to innovate in order to support its work in the process of 

delivering the lesson. For physics teacher, a mandatory requirement able to use practical tools 

and develop if conditions at school facilities are still minimal. A teacher required creativity in 

managing the laboratory. 

 

DISCUSSION 

Science is the study of nature in attempt to understanding it and to form an organized 

body of knowledge that has predictive power and application in society. Science is based on 

observation and experimentation, relying heavily on carefully collected data, strong evidence, 
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and persuasive conclusions. Further, four themes or dimensions of science that should be 

evident in science instruction are:1) science as a way of thinking; 2) science as a way of 

investigating; 3) science as a body of knowledge; and 4) science and its interaction with 

technology and society (Chiappetta & Koballa, 2010). Learning is a process of reciprocal or 

the interaction of teaching and learning, the interplay between learners and teachers (Hamalik, 

2003). Learning physics is a reciprocal process of teaching and learning or the interaction 

between teachers, learners and learning environment through the scientific method to solve the 

problem so as to produce an understanding of facts, concepts, principles, laws, and theories 

related to natural phenomena. Learning physics involve learners in meaningful activities so as 

to create a positive attitude of students towards physics. 

Learning physics by applying both experimental laboratory activities and practical 

learning pack so that students are able to more quickly understand the material given. 

Experiments and practical activities also increase motivation for learning so that learning 

becomes fun. PDL (Personal Desk Laboratory) is a physics learning innovations developed by 

Japan and began to be implemented in Cambodia in 2008 (Sou., Et al., 2010). PDL system 

creates developments in science, fostering creativity and can be used for the advancement of 

physical education focused to produce a relatively inexpensive lab equipment (Sou, et al., 

2010). Use of materials is easy and inexpensive to create a practical tool can we meet in daily 

life. Former materials that are not used anymore afford us maanfaatkan again become a tool of 

learning physics lab. Scrap materials that we recycle into a ready-made materials (tools 

practicum) into alternative solutions for teachers and students are still constrained in school 

activities. 

PDL System can be taught to students by making the tool independently practicum. 

The tool is expected to develop the students' ability both motor and psychomotor, and is also 

expected to be a portable tool that can be brought home to the students. So that when problems 

students can solve independently or in groups when they are out of school. Students are 

expected to make the tool practicum using recycled materials is based on the guidance of 

teachers in the school, can make the tool as a means of independent lab. 

Problem-solving skills such as analysis, transfer and metacognition is one of the 

things highlighted in the revised bloom's taxonomy (Krathwohl, 2002) and aspects of 

understanding outlined by Wiggins and Mc Tighe (2005). Angelo & Cross (1993) includes the 

ability to solve a problem in one of the eight learning goals as a high-level thinking skills. 

Problem-solving skills means the ability to merefkelsikan, collect, analyze, and assess 
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information to make a decision right strategy used to deal with difficult situations or problems. 

Problem-solving skills required of students in the educational, professional and personal life. 

PDL system is implemented as a means of practical activities / experiments in learning 

physics through scientific stages in the troubleshooting process. So the problem solving ability 

during the process of thinking as measures seek proper settlement of finding a solution can be 

increased. Such steps starting from 1) Defining the problem, 2) explores the issues, 3) planning 

appropriate solutions, 4) implementing the plan, 5) carry out checks on the resulting solution, 

and 6) evaluate and reflect on solving problems that have been implemented (Wood et al., 

1997). 

Scientific attitude comes from the curiosity of students to learn and gain new 

experiences. Attitude assembled with science called scientific attitude. Attitude stems from the 

feeling (like it or not) that can be linked to a person's tendency to respond to things or objects. 

PDL system is a forum for creativity and innovation of students in learning. Practical activities 

ranging from design tools, manufacturing process and testing tools with simple ingredients can 

increase student motivation so that these activities can improve scientific attitude include: 1) 

want to know; 2) mengharagai / honest; 3) accept uncertainty; 4) critical reflection and caution; 

5) diligent, tenacious, and resilient; 6) creative for new discoveries; 7) think the open; 8) 

sensitive to the surrounding environment; and 9) in collaboration with others. 

 

CONCLUSION AND SUGGESTION 

CONCLUSION 

Role-based lab kit PDL (Personal Desk Lab) is a series of practical tools that are used 

to simplify the practical method by using equipment that is smaller and cheaper than usual. 

PDL system is applied in the learning process, so that the student becomes easier to understand 

the concept being studied and can improve problem-solving skills and scientific attitude. 

 

SUGGESTION 

The learning process that emphasizes the aspects of physics concepts, attitudes, and 

products. Trial activity is one of the learning process that is capable of forming the scientific 

attitude of students so that in addition to the concept of physics that can be obtained, students 

can explore the phenomenon of physics in everyday life through scientific methods and the 

products produce the student's ability to solve problems. PDL lab kit system one alternative 

solutions to help the achievement of competencies that exist in the process of learning physics. 
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Abstract 

 Education has big responsibility to educate a nation life.  Educating has to be meant 

that education are directed as an effort to form a human being Intelligent. Making the people 

being intellegent should be understood that education is directed in an attempt to form an 

intelligent human intellectually and morally. Thus, at every level of education, educators 

should encourage developing the values of Character Education. Character Education is not 

only charged on certain subjects, such as civics, religion, and morality. But, Character 

Education is the responsibility of all lecturers who handle their own subjects, including 

science lessons. Teachers/lecturers who teach science lessons should creatively integrate the 

values of Character Education in the learning. Many concepts of science can be packed 

involving the values of Character Education, such as the Law of Newton, Heat, resonance, 

Magnetism, and others. Inserting the values Character Education is in line with the 

Government efforts to form Indonesia gold Generation in 2045. It is stated in Curriculum 

2013 on the core competencies including: (1) accept, appreciate, and do religious values that 

was believed by, (2) have honest behavior (3) Discipline, (4) bear responsibility, (5) polite, 

(6) care, and (7) confident in interacting with family, friends, neighbors, and teachers 

 

Keyword: Education, Character, Science Lesson 

 

Introduction 

National education goals as mandated by the opening of the 1945 Constitution is to 

educate the nation and develop Indonesian people completely, which are the man of faith, 

devoted to God, and good character, have knowledge and skills, as well as social and national 

responsibility. Furthermore, the national education goals are affirmed in Law 20 of 2003 on 

National Education System. According to the law, the national education aims to develop 

students' potentials to become a man of faith and fear of God Almighty, noble, healthy, 

knowledgeable, capable, creative, independent, and become citizens who are democratic and 

responsible. Those national education goals are in line with the essence of education that is to 

equip individuals with the knowledge, skills, and values (Gutek, 1974; Heafford, 1967; 

Woolfolk & Nicolich; 1984). Considering the national education goals, it is clearly implied that 

establishing a human being intelligent and humane is really important. It means that the aspect 

of intelligence and character development should go hand in hand. Thought and effort related 

to that ways actually has been done by pounding father of this nation. 

However, in reality the condition of Indonesian today is much different from the noble 
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ideals formulated. In other words, the Indonesian people are now experiencing a moral crisis 

(demoralization). Demoralisation has plagued the society. Acts of corruption in various 

government agencies and other state officials are as evidence of a demoralized nation (Prayitno 

& Khaidir, 2011). Some cases of sticking, such as brawl between students, ethnic violence, 

drug abuse, deviant sexual behavior which led to increasing HIV/AIDS, vigilantism, 

harassment of women and children done by parents and teachers add the cases as the evidence 

of moral crisis generation of Indonesian. 

Because of those reasons, if we do not want to constantly experiencing various 

problems as mentioned above, the implementation of character education in schools can not be 

postponed again (Arends & Kilcher , 2010). Character education spirit is in line with the ideas 

of Pestalozzi, education leaders, namely humanize the human (Heafford, 1967). Character 

education should not only become the responsibility of the religion teachers, Civics teachers 

and moral education teachers, but all teachers should be obligated and responsible for 

organizing the educational character of teaching in every subject. In other words, character 

education must be integrated with subjects taught by each teacher, without exception, including 

science teachers. 

 

Discussion 

1. Science Learning and Instruction 

Learning is a process of behavior change. In the learning process, there are four things 

to do: learning to know, learning to do, learning to be yourself, and learn to live together. Those 

are in line with the four pillars of education delivered by UNESCO, namely learning to know 

, leraning to do, learning to be and learning to live together. Those ongoing are the process of 

lifelong learning (Billets, 2010; Walters, 2010). Lifelong learning can be done in any kind of 

subjects. One area of science that is quite rapid development is natural science (IPA). 

Natural Science relates to the natural way of finding out the nature systematically. 

Science is not just mastery of knowledge in the form of a collection of facts, concepts, or 

principles, but also a process of discovery. Science education is expected to be a vehicle for 

students to learn about themselves and the environment, as well as prospects for further 

development in applying it in everyday life (Suja, 2010; Suja, 2011). The learning process 

emphasizes on providing direct experience to develop not only competence, but also the 

dimensions of the character . 

Science is really needed in everyday life to meet human needs through solving 
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problems that can be identified. The application of science needs to be done wisely so as not 

to adversely affect the environment (Trust, 1998). Learning science is expected to have an 

emphasis on the “Salingtemas” learning (science, environment, technology, and society) which 

are directed to the learning experience to design and create a masterpiece through the 

application of scientific concepts and scientific competencies wisely. Thus science can benefit 

human life, economically, socially, and spiritually (Field, 2009). 

In general, according to BSNP (2006) science education aims at making students have 

the abilities, includes: (1) gain the belief in the greatness of the Almighty God by the existance, 

beauty and order of his creation; (2) develop knowledge and understanding of scientific 

concepts that are useful and can be applied in everyday life; (3) develop a curiosity, a positive 

attitude and awareness about the existence of a relationship of mutual influence between 

science, environment, technology, and society; (4) develop process skills to investigate the 

nature around, solve problems, and make decisions; (5) raise awareness to participate in 

maintaining, protecting, and preserving the natural environment; and (6) raise awareness to 

respect nature and all regularity as one of God's creation . 

Based on the above explanation, it can be seen that the learning objectives of science 

are the dimensions of the character that needs to be invested to the learners. Without developing 

character values in the learning of science, then science could potentially have a negative 

impact on life (Swami, 2004; Suja, 2010). Quoting a very popular Einstein's statement that 

"science without religion is blind, and religion without science is lame". The statement gives 

the message that science can indeed go hand in hand with religion. In this context, the 

development of the character should be done on aspects of science and religion. 

2. Character Education 

Education is a strategic choice that is used to improve the existance of a nation. 

Civilized nation is a nation that has strong character. Therefore, character education is really 

important to be instilled at every level of education. Megawangi (2007) and Munir (2010) state 

that the character is derived from the Greek that is charassein, which means to engrave up to 

form a pattern. Meanwhile, according to Indonesian Dictionary (2008) character is defined as 

a psychological traits, morals or manners that distinguish one person with another person. Khan 

(2010) asserts that the character is a personal attitude steady consolidation process results in a 

progressive and dynamic, the integration of the statements and actions. Thus, character 

education is the process by which a person's behavior or character, so as to distinguish between 

things that are good and bad and can apply them in life (Pring; 2005; Nurchaili, 2010; 
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Dwirahayu 2011: Rokhman, 2014). Character education is a holistic education process that 

connects the moral dimension and social sphere in a person's life (Adeyemi, et al., 2009; 

Raharjo, 2010; Prayitno & Khaidir, 2011). Based on those opinions, it can be concluded that 

the character can be defined as a pattern, be it mind, attitude, or action, which is inherent in a 

person with a very strong and hard to break in a person in everyday life. 

To facilitate the understanding of the character education, it needs an indicator of a 

person who has character. Relating to indicators/values that should be developed into a 

character, Megawangi (in Nurchaili, 2010) states that: (a) love of God and the universe and its 

contents, as well as the love of truth; (b) responsibility, discipline, and self-contained; (c) 

trustworthy and honest; (d) be respectful and polite; (e) has an affection, caring, and able to 

cooperate; (f) confident, creative, work hard, and never give up; (g) have a sense of justice and 

leadership attitude; (h) a good and humble; (i) have tolerance, love peace, and unity. 

Furthermore, Judiadi (2010) and Zubaidi (in Atmadja, 2011) describes 18 types idea of 

character education values that need to be developed, as the goal of character education which 

can be observed in Table 1. 

Table 1. Values and Description of Character Education 

No Value Description 

1 Religious Attitudes and behaviors that obedient in carrying out the teachings 

of their religion, tolerant implementation of the practice of other 

religions, and live in harmony with other faiths. 

2 Honest Behavior based on an attempt to make himself as a person who 

always trustworthy in word, action, and jobs. 

3 Tolerance Attitudes and actions that respects differences of religion, ethnicity, 

opinions, attitudes, and actions of others who differ with him 

4 Dicipline Actions showed orderly behavior and comply with various rules and 

regulations 

5 Hard work Behaviors that indicate an earnest effort to overcome various 

barriers to learning and assignments, as well as completing the task 

with the best 

6 Creative Think and do something to generate ways or new results from 

something that has been held  

7 Independent Attitudes and behaviors that are not dependent on others to 
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No Value Description 

complete tasks 

8 Democracy Way of thinking, acting, and acting the same rights and obligations 

judging himself and others. 

9 Curriosity Attitudes and actions which seeks to determine the depth and spread 

of something learned, seen, and heard. 

 

10 Nationality How to think, act, and sound that puts the interests of the nation and 

country above self-interest and group. 

11 Patriotism This way of thinking, being, and doing that show loyalty, caring, 

and high appreciation of language, physical environment, social, 

cultural, economic, political, and nation. 

12 Respect the 

achievement 

Attitudes and actions that encourage him to produce something 

useful for society, and recognize and respect other people's success. 

13 Friendly/ 

Communicative 

Actions that show a sense of fun to talk, hang out, and work 

together with others. 

14 Love Peace Attitudes, words, and actions that cause others to feel happy and 

safe on the presence of himself. 

15 Like Reading Habits take time to read a variety of literature that gives virtue for 

him. 

16 Care for the 

Environment 

Attitudes and actions which seek to prevent damage to the 

environment, and develop efforts to repair the environmental 

damage that has occurred. 

17 Social Care Attitudes and actions have always wanted members help other 

people and communities in need. 

18 Responsibility Attitudes and behavior of people to carry out his dutie, he should 

do, to ourselves, community, environment (natural, social, and 

cultural), the State and God. 

 

The values of character education above are abstracted into seven dimensions as 

contained on core competencies in elementary school curriculum in 2013. The seventh 

dimension can be seen from the core competencies include: (1) accept, appreciate, and the 
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teaching of his religion, (2) have honest behavior, (3) discipline, (4) responsibility, (5) polite, 

(6) care, and (7) confident in interacting with family, friends, neighbors, and teachers. The 

values of character education are already reflected in the Pancasila and the 1945 constitution 

(Siskandar, 2011; Utomo, 2011; and Court, 2011). 

Based on the description above, it can be concluded that education is a process of 

forming the character of private individuals to become better. Character education has a 

harmonious relationship between the moral and social sphere in everyday life . 

 

3. Integration of Character Education in Science Instruction 

The values of character education can be integrated into science lessons. Here are 

presented three examples of the integration of the values of character education into material 

science. 

a. Integrating Character Education Values in Teaching Newton’s Law 

One of the great world-known scientists in the 19th century is Sir Isac Newton. The 

laws that are expressed in the field of mechanics of motion is amazing, besides the law of 

gravity. As a law degree scholarship in science, it has been proven true. The legal position is 

above facts, concepts, principles, postulate and theory (Astawan and Sudana, 2014). Humans 

can learn the life from the natural laws discovered by Newton. One of Newton's law of motion 

states that "every object will remain at rest or move straight uniform if the resultant forces 

acting on it equal to zero." This law, then known as Newton's first law. Based on Newton's laws 

I mentioned, in terms of scientific study, it is not true to say the stationary object is definitely 

no forces acting. According to the first law of Newton, a stationary object is a result of no 

resultant force acting on it (style sum equal to zero). It is not true also to say that things move 

simply due to the resultant force acting on it. Therefore, the object does not move straight 

uniform due to the resultant force (resultant forces acting on the body is equal to zero), but 

because of the tendency of the body to maintain the original motion. The movement, not at all 

due to the resultant force from within the object itself, but due to the nature of inertia. 

What is expressed by Newton's first law, applies not only to the object alone, it also 

applies to human life. Humans are expected to learn from these natural events. As is known, 

by nature, humans are very comfortable with the situation that has been accustomed to 

experiencing. The situation is likely to be maintained, when there was no attempt to change it. 

That is, it takes an impulse to be done by someone, if you want to change a habit (comfort 

zone), especially change bad habits into better habits. For example, someone who has a bad 
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habit of reading (lazy), then that person is very comfortable with that condition. It is very 

difficult to eliminate the habit, to become a person who diligently read. In the first law of 

Newton, the event is called inertia (laziness to change). If someone wants to change the habits, 

it is a need of motivation to move. 

Newton's first law gives the message that good habits are retained, while the bad habits 

that can be converted into good habits when there is an attempt to change it. If it is a good 

habit, it will be difficult to turn into bad habits again, if there is no attempt to change it for the 

worse again. Exposure above, shows the integration of character values of discipline, 

perseverance/tenacious, and responsibility in science learning. 

b. Integration of Character Education Values in Teaching Calor 

In science as it is often learned from primary and secondary school level, there is a 

concept known as heat/calor. Colloquially refers as hot. Calor (heat) is one form of energy. The 

energy naturally flows from objects of higher temperature to a lower temperature object 

(Sunardi and Irawan, 2007). The concept can be interpreted in a human being that everyone 

always absorb energy from the environment. This can happen because the energy that exists 

outside humans (energy of the universe) is much greater than the energy that is in man. 

There are interesting things that can be seen from the concept of heat. In the concept 

of calor, there is a concept called "principle of black". According to the "principle of black", it 

is stated that the amount of heat (energy) received together with the amount of heat (energy) is 

released. This suggests that if one wants to receive something from the universe, then one must 

give something to the universe. The amount given will always turn received the same amount. 

That is, it might be interesting "universal energy" if not ever "energy release". The process of 

energy release and receive this energy can lead to changes in states of matter. This is in line 

with the concept of education that is important for lifelong learning so that the changes will 

continue to occur (Luppi, 2009). 

The esplanation of the concept of heat shows the integration of character values 

honesty, tolerance, social care, care for the environment, hard work, and friends of peace, 

friendship, spirit of nationalism, patriotism, and others. 

c. Integration of Character Education Values in Teaching Magnetic Concept 

Magnet is a familiar objects easily found in society. Magnet easily found in electronic 

equipment. Human can learn from the concept of a magnet. As is known that magnet is an 

object that can attract other objects similar to him. This indicates that something is going to 

pull something else that has a resemblance to him. The same thing is true of human being. 
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Human can indeed be described as a magnet, which will attract something identical with itself. 

This is in line with the concept of positive thinking. The psychologists suggest that everyone 

should think positively, to bring positive things. For example, the A and the B are both running 

from Singaraja to Denpasar. The route is exactly the same. For the A, during the journey that 

is the beauty of the lake encountered objections, the beauty of the temple ulun danu objections, 

the beautiful scenery in bedugul, and other things that make him calm. As for the B, during the 

journey such as not passing the things perceived by the A, the B only impressive on the seller 

there is a beautiful shop, there is a "clubbing" Nice, no gambling, and the like. 

  The illustration above shows that in fact what is encountered by a person is 

determined by himself. If one thinks about the good things, it is in line with the focus of his 

mind, the person will find good things along the way. In the contrary, if someone’s think is 

negative, then the negative things would be seen along the road traversed. 

Therefore, we must continue to keep the mind in order to stay positive, if you want 

something good to happen to yourself. As an expression of Mahatma Gandhi, that our self is 

what we think (Anandas Ra, 2004). That is, all came from the mind itself. Talking about the 

strength of mind in which many psychology books discuss and authors agree that it is true that 

thoughts have tremendous strength. There is even a wise man said over what could be 

considered by the mind can be realized. Character values that can be implanted through 

learning the concept of this magnet is tolerant, honest, responsible, respectful, and others. 

 

Conclusion and Suggestion 

Learning is a process of behavior change. Learning to be implemented through 

education. Education lasts a lifetime. Education must be able to equip students to have a strong 

character. Learning science contains dimensional character values that need to be invested to 

the learners. Without developing character values in the learning of science, then science could 

potentially have a negative effect on life. Character education is the process by which a person's 

behavior or character, so as to distinguish between things that are good and bad and can apply 

them in life. There are 18 educational value national character that needs to be invested in 

schools, they are: religious, honest, tolerance, discipline, hard work, creative, independent, 

democratic, curiosity, the spirit of nationalism, patriotism, cherish the achievements, 

friends/communicative, love peace, love reading, care for the environment, social care, and 

responsibility. 

Science teachers are expected to be creative in integrating the values of character 
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education in science learning. Some examples of scientific concepts that can be integrated 

character education are Newton's law, heat/calor, and the concept of magnetic. Character values 

that can be integrated on the material namely, religious, honesty, tolerance, discipline, hard 

work, curiosity, respect for the achievements, friends/communicative, love peace, love reading, 

environmental care, and social care. 
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THE DEVELOPMENT OF ANIMATED INTERACTIVE LEARNING MEDIA  

“CHEMIST TRIP” BASED ON CHEMO-EDUTAINMENT 
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Abstract 

The aims of this research were to develop learning media ”Chemist Trip” based on 

chemo-edutainment as source of learning on acid and bases for student in grade XI senior 

high school and to determine the quality of learning media ”Chemist Trip” by chemistry 

teachers.  

The development method that used was ADDIE method. The development procedure of 

media ”Chemist Trip” consist of five steps, that are planning step, organizing step, product 

development step, evaluating step, and analizing step. The early product was reviewed and 

commented by supervisor lecture and 3 peer reviewers and then revised. The revised product 

was evaluated and reviewed by reviewers (5 chemistry teachers) and Senior High School 

students. The result of the evaluation was analyzed to determine the quality of product. 

The result of this development research were learning media ”Chemist Trip” based on 

chemo-edutainment as source of learning on acid and bases for student in grade XI that can 

be applied on PC or laptop. Based on score from reviewers (chemistry teachers SMA/MA)  

an average score is 102,2 which in range score between 85 <𝑋̅ ≤ 105. The evaluation of this 

learning media has a good quality. Ideally percentage of this product is 81,76%. 

 

Keyword: acid and bases, Chemist Trip, chemo-edutainment 

INTRODUCTION 

Chemistry in senior high school not understand by student because it consist of chemical 

reaction, stoichiometry, and abstract theories[1]. The difficulties to understand a lesson will 

affect the interest of student to the lesson. If student not interest with the subject that they learn 

in chemistry, they will not interest with chemistry. Actually, chemistry is not difficult and it can 

be really fun. 

One of the chemistry subject in senior high school is acid and bases. Acid and bases 

consist of the theory of acid and bases, buffer solution, and hydrolysis salt. To attract the 

student, especialy in acid and bases subject we need an interactive learning media. The used of 

learning media based on chemoedutainment aims to make the student understand the leason 

easier and will effectively delivered. 

Chemo-edutainment is interesting and entertain learning media that can motivate the 

student to learn chemistry[2]. Chemoedutainment media can be show into animated interactive 

learning media that can entertain the student and make them happy to study chemistry. Learning 

process will be more meaningfull because the student not only heard but they feel the real 

learning with chemoedutainmen [3]. To be effective in teaching and learning, animations and 
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interactive educational simulations must be designed based upon what is known about the 

principles of learning[4]. Because studies show the potential positive effects of animations for 

learning and for developing representations, properly designed animations will provide 

instructors with new tools for teaching and learning science concepts. 

Media are human, material, or events that establish the conditions that enable the 

students to acquire the knowledge, skills, or attitudes[5]. Interactive is the user's ability to 

control or to determine the sequence of learning materials in accordance with the wishes or 

needs of users[6]. Learning media was created with Adobe Director. Director is software that 

works to combine the various media; images, animations, video, audio and text to create a 

product that is commonly called the multimedia presentation[7]. 

This instructional media called "Chemist Trip" because the theme chosen was a dream 

trip around the world to study acid-base. Instructional media "Chemist Trip" in accordance 

with chemo-edutainment concept because it can make the learning fun in chemistry. Most 

students have a dream to travel around the world. This can improve the spirit of students so 

that they do not get bored to learn the lesson. Development of instructional media interactive 

animation teaching materials chemistry of acids and bases can be done with create a chemo-

based learning media edutainment. Learning through the medium of interactive animations can 

give some advantage[8]. The first advantage is that the students can understand the lesson 

because the rendered animation and illustration. The second advantage is that the lessons easily 

acceptable with fun. The third advantage can arouse the interest of students to the topic being 

studied. Based on the description above background, the researchers intend to develop a 

learning media based interactive animation chemo-edutainment for acid and alkaline material 

which can make the learning becomes fun chemistry. The aims of Chemis Trip is to increase 

the interest of students to study chemistry. 

METHOD 

Model development in this study follows the ADDIE model[9]. Broadly speaking, there 

are five stages in this study, namely: planning, organizing stage, the implementation stage, the 

stage of product assessment, and data analysis stage. Subjects in the study assessment of this 

development are learning media "Chemist Trip" chemo-edutainment. The object of research 

assessment in this development is the quality of learning media "Chemist Trip" chemo-

edutainment. In this study, the researcher made learning media about acids and bases. Data 

obtained from this study is the assessment of data quality of products from the assessment are 
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5 people reviewer chemistry teacher and student assessment of 10 high school students of grade 

XI. Analysis of the data used in this study is the variable quality of the interactive animation 

"Chemist Trip" which has been made based on several criteria. Data obtained from this study 

in the form of score data (nominal). Statistically, the analysis can be performed with the 

following steps:a. Changing the value of the five reviewers in the form of qualitative to 

quantitative with provisions which can be seen in Table 1. 

Table 1. Table of Provision Scoring 

Kategori Skor 

Worst 1 

Bad 2 

Adequate 3 

Good 4 

Very Good 5 

Calculate an average score for each aspect of the product assessment "Chemist Trip" 

acidic and alkaline materials. 

a. 𝑋 =
∑ 𝑋

𝑛
 

X  = average score 

n = number of reviewer 

∑X = sum of score 

Changing an average score of learning into a qualitative value in accordance with the 

criteria of the assessment categories outlined in table 2. 

Table 2. Criteria Changing Quantitative Score Into Qualitative 

No. Rentang Skor ( i ) Kategori 

1. 𝑋 ̅> 𝑋̅i + 1,8 SBi Very Good 

2. 𝑋̅i + 0,6 SBi < 𝑋 ̅ 𝑋̅i + 1,8 SBi Good 

3. 𝑋̅i  0,6 SBi < 𝑋 ̅ 𝑋̅i + 0,6 SBi Adequate 

4. 𝑋̅i  1,8 SBi < 𝑋 ̅ 𝑋̅i  0,6 SBi Bad 

5. 𝑋 ̅ 𝑋̅i  1,8 SBi Worst 

𝑋̅i  =  ideal average 

Xi = 
1

2
 (ideal maximum score + ideal minimum score) 

SBi  =  standard deviation 

SBi = (
1

2
)( 

1

3
) (ideal maximum score – ideal minimum score) 

Ideal maximum score =Σ number of criteria  maximum score 

Ideal minimum score =Σ number of criteria  minimum score 
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d. Determining the quality of interactive animation "Chemist Trip" product by comparing the 

average score of the ideal assessment criteria. 

e. Calculating the percentage of media quality 

RESULT AND DISCUSSION 

In this study produced an instructional media such as a CD containing acidic and alkaline 

materials. Highlights on the CD is as follows: the theory of acids and bases, pH calculation, 

titration, buffer solution, and hydrolysis of salt. Moreover, the media are also learning about 

the practice which is an initial evaluation of the user's understanding of the acidic and alkaline 

materials after use of instructional media. 

Table 3. Quality of Chemist Trip 

Reviewer Indicator Total 

Content 

(8) 

Language 

(2) 

Appearance 

(8) 

Ease 

to Use 

(3) 

Chemo-

edutainment 

Content 

(4) 

I 36 8 29 12 15 100 

II 33 8 30 14 16 101 

III 32 8 32 12 16 100 

IV 32 8 30 12 16 98 

V 37 9 34 14 18 112 

Total 170 41 155 64 81 515 

Average 

Score 

34 8,2 31 12,8 16,2 102,2 

Ideal 

Maximum 

Score 

40 10 40 15 20 125 

Category Very 

Good 

Good Good Very 

Good 

Good Good 

 

Assessment of the quality of instructional media covering the 25 indicators divided into 

five aspects: feasibility aspects of content, language, presentation, ease of use, and the chemo-

edutainment point. The overall quality of the media that have made the quality of media that 

has been made is good (B) with a score of 102.2 out of a maximum score of 125, so it is in the 
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range of 85 ≤ x ≤105. The quality of each indicator can be seen in Table 3. Based on the 

evaluation of 5 the media reviewer , the overall quality of the media is good. Twenty indicators 

of good assessment category medium (B) and five great-value indicator (SB). In detail, the 

quality of the media can be categorized as follows: under the terms of the ease of use of this 

medium is easy to operate because obtaining a score of Very Good, based on the feasibility 

review of media content contains the goals and learning steps are clear, the material presented 

in accordance syllabus, easy to understand, and coherent. This is indicated by the contents of 

the components of the feasibility of obtaining excellent value. Based on the level of 

interactivity is well worth the media so it can be quite interactive. Based on the language, the 

language used is communicative. Based on the presentation component, this media has been 

well worth it. That is, the acidic and alkaline materials displayed attractively. Based on the 

chemo-edutainment point, the media is able to increase the interest of students in learning so 

that students interested in studying the materials acids and alkalis. 

The end product of this development study is the arrangement of instructional media 

"Chemist Trip" chemo-edutainment-based learning with media that is the subject of acids and 

bases in teaching high school chemistry class XI. Instructional media "Chemist Trip" chemo-

based edutainment consists of five main menus are basic competencies; material; exercises; 

instructions; profile. On the menu the material, there are 5 submenus material, namely the 

theory of acids and bases, calculation of pH, buffer solutions, hydrolysis, and acid-base 

titration. Exercises on the menu, there are 3 submenus material. 

The final product is an interactive animation learning media based on chemo-

edutainment. Chemist Trip has format Director (.apk) that can be operated using a PC or laptop 

with Windows XP operating miniml or above. Interactive animation instructional media 

"Chemist Trip" edutainment-based chemo-containing material and exercises on the subject of 

acids and bases. 

 

CONCLUSION AND SUGGESTION 

Based on the results of data analysis in this study, it can be concluded: 

1. Ability animated interactive learning media "Chemist Trip" chemo-edutainment-based 

teaching materials for high school students / MA class XI with the subject of acid and alkaline 

solution has been successfully developed in accordance with the categories of quality of media 

that has been determined through the analysis stages, design, development and implementation. 

2. The quality of instructional media to obtain an average score of 102.2 can be categorized as 
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Good (B) with a percentage of 81.76% product ideals so that used. 
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Abstract 

This study aims to develop a Science, Environment, Technology, and Society-based science 

teaching kit for science teaching and to determine (1) the feasibility of the product, (2) the effectiveness 

of the product to improve cross-disciplinary knowledge for 7th grade students in SMP Muhammadiyah 

8 Wedi Klaten. This study is a Research and Development with three phase development procedure. 

They are needs assessment, development and reasearch with normalized gain scores and analysis using 

Winsteps program. A SETS-based science teaching kit covering the syllabus, lesson plans, students 

worksheet, and authentic assessment instruments. The results showed the feasibility of products avowed 

excellent with a mean score of 4.59 out of range 0-5. All students in the experimental class have increased 

the value of cross-disciplinary knowledge and without misfit condition. Products implementation have 

a positive effect on the ability of cross-disciplinary knowledge which showed a significant difference 

between the experimental and control classes with the same initial ability. Thus, a SETS-based science 

teaching kit is proven effective to increase cross-disciplinary knowledge for 7th grade students in SMP 

Muhammadiyah 8 Wedi Klaten. 

 

Keywords: science teaching kit, SETS, cross-disciplinary knowledge 
 

INTRODUCTION 

The Results of the evaluation program for International Student Assessment (PISA) in 

2012 by the Organisation for Economic Cooperation and Development (OECD) placed 

Indonesia ranks 64th out of 65 participating countries. 

The average science score of OECD was 501, but the average science score of Indonesia 

only got 382 (OECD, 2013, p.19). PISA showed that education in Indonesia was very worrying. 

The ability of Indonesian students have not reached the high order thinking skills and they were 

short of expectations of the demands of the 21st century competencies. 

The science learning-oriented competence in 21st century has an important role to 

improve science literacy. In the 21st century competency requires the students to think in high 

levels, critical thinking, master information technology, collaborate, and communicative. This 

developed learning aims to meet future needs and to go to the golden generation of Indonesia 

in 2045. The competence of the 21st century can be divided into three major groups (Kereluik 

et al, 2013, p.129), namely: the foundational knowledge (to know), meta knowledge (to act) 

and humanistic knowledge (to value). Foundational knowledge is divided into three 
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competency that is cross-disciplinary knowledge, core content knowledge, and digital / ICT 

literacy. Competence of the 21st century is expected to be achieved through the learning process 

especially in the schools. Therefore, we need a comprehensive and meaningful learning process 

according to the level of development of students thinking. 

The students of junior high school were not able to think partially. That children between 

the ages of 6-14 years were not enough to learn only in the classroom to got the knowledge  

that they needed (Doğan, 2010, p.139). Learning in the classroom should be compatible with 

real life that constructed in their minds. At this age range we need a holistic learning science. 

Holistic learning is interdisciplinary learning which links the various disciplines aspects. 

Indonesian was recommended interdisciplinary learning that was based on Science, 

Environment, Technology, and Society (SETS). A SETS-based science teaching kit is learning 

that integrates environmental aspects of science, technology, and society in science. Science 

learning will be close to their daily life so that the student power retention will increase. 

Integration of science in SETS expected to increase the competence of the 21st century of the 

foundational knowledge, eexsprcially cross-disciplinary knowledge. 

The improving science learning-oriented competence in 21st century will be done 

properly if the planning process prepared well. The plan is implemented in the form of a science 

teaching kit. The kit will control the direction of the learning process up with the scoring. If 

not maximum, planning processes and learning outcomes would also be no maximum. Thus, 

existence of a teaching kit where is something that must be prioritized, mainly for science 

teachers. 

Development of learning science relies heavily on the competence that would be 

achieved. These competencies associated with learning materials. The material energy in living 

systems for grade VII have not been packaged as an integrated science materials. This complex 

material would be very difficult to digest by junior high school students. A SETS-based science 

teaching kit will help students specifically studying energy in living systems that connect 

science, the environment, technology and society. With a SETS approach, learning science will 

be carried out which holistically according to kurikulum 2013 in Indonesia. 

Observations and interviews in a preliminary study obtained information that the 

condition of science learning in SMP Muhammadiyah 8 Wedi Klaten has not been as expected. 

The condition is characterized by the manufacture of the science teaching kit less than the 

maximum. Science teaching kit only acts as a complement to the administration of the course. 

This condition resulted in the learning process is less able to optimize the development of 
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student potential. 

Based on the problems that have been described, one of the alternative solutions to 

problems in science learning can be done by developing SETS-based science teaching kit. The 

science teaching kit is an instrumental input developed by teachers for competency of cross-

disciplinary knowledge. The competencies outlined in the syllabus and lesson plan. Therefore, 

it is necessary to study the development of SETS-based science teaching kit to increase cross-

disciplinary knowledge. 

RESEARCH METHOD 

Types of Research 

This study is a Research and Development (R & D). The resulting product is in the form of a 

SETS-based science teaching kit that consists of a Syllabus, lesson plans, students worksheet 

and authentic assessment instrument. Development procedure used is a modified version of the 

model development Borg & Gall. 

Procedure 

Procedure for the development of SETS-based science teaching kit can be divided into three 

phases such as need assasment, development and reasearch. Stage need assasment include field 

survey, analysis of curriculum, and study of the literature. The field survey by observation and 

interviews regarding the manufacture of the science teaching kit. The curriculum analysis is 

done by observing the matters related manufacturing science learning kit-oriented competence 

in 21st century. At this stage of the literature study conducted studies and mapping of 

competencies to be achieved. Learning science in junior high school level is expected to be 

delivered in holictic manner. The approach sets is one of learning approach to holistic 

education. The material energy in living systems are potentially to be delivered through SETS 

approaches. The matter will be reviewed from the aspects of science, environment, technology, 

and society. 

The stage of development is the development of products in the form of an initial draft 

of the SETS-based science teaching kit. Draft of products have been validated by experts and 

practitioners. Experts who validate an expert lecturers teaching science. Practitioner are science 

teacher as a potential user of the product. The results of validation experts and practitioners 

used as a basis for improving the draft revision of the product as the product I. 

The next revision of the products I tested the effectiveness against cross-disciplinary 

knowledge in the research stage. At this stage include a test in a small scale and large scale. On 
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a small scale trial product revision I implemented into the process of learning science. Products 

in the form of the syllabus and lesson plans are reviewed directly on implementation science 

learning in the classroom. Results of legability students worksheet and authentic assessment 

instruments used as product revision II. The revised product II is used for the process of SETS-

based science learning on a large scale trials.  

On a large scale trial, the revised of the product II is implemented in a wider scale 

respondents. A large scale trial using two classes of grade control and experimental design with 

nonequivalent control group. This trial aims to find out how products affect students learning 

outcomes. This design is almost the same as the pretest-posttest control group. The difference 

is the design of the nonequivalent control group choose the control and experimental groups 

are not random. Factors such as learning material, instructional time, and the teacher made the 

same between the two classes. Both classes seen an increase in cross-disciplinary knowledge. 

The large trial results from experimental class for evaluation and improvement of the product 

as a revisied product III. After a revision of the product III, a SETS-based science teaching kit 

into the final product. This development procedure presented in Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Prosedure to Develop A SETS-based Science Teaching Kit 
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Muhammadiyah 8 Wedi Klaten which is located on the northern highway number 1 Wedi, 

Klaten. 

Subject 

The subject of this research are 7th grade students by using 3 classes. VIIB class as a 

subject of small scale trial, VIIA class as an experimental class amounted to 21 students, and 

VIIC class as a control class amounted to 18 students. In addition, the selected subject 9th grade 

students to empirically test for the validity of pretest-postest problem. 

Instruments and Data Collection Techniques 

Techniques this research through interviews, observation, questionnaire, tests and 

documentation. Interview techniques are implemented in the framework of a preliminary study 

on the need assasment stage by using the interview guide. Observation techniques are 

performed by using instruments such as the observation sheet, successfully lesson plans, and 

assessment of student attitude during the process of science learning with the material energy 

in living systems. Question form techniques are applied by validation sheet instrument to 

validate the SETS-based science teaching kit, to know the readability SETS-based student 

worksheet and to assess competencies cross-disciplinary knowledge. Tests techniques are 

implemented on measurement of cross-disciplinary knowledge by using the reasoning of 

multiple choice instruments. Furthermore, documentation techniques are implemented to 

record the performance of students during the process of science learning by using sheet 

portfolio instrument. 

Data Analysis Techniques 

Data analysis techniques can be divided into four such as the feasibility of the product, 

the successfully lesson plans analysis, the improvement cross-disciplinary knowledge analysis, 

and reliability analysis by using the Winsteps program.  

The feasibility of the product to analyze qualitatively and quantitatively. Validator 

produce critics and suggestions as qualitative result. Exsprcially students worksheet, the 

feasibility of the product is also seen the readability by 7th grade students. Quantitative results 

in the form of score from the validator on the validation sheet. The score is converted based by 

categorization (Widoyoko, 2013, p. 238). Authentic assessment instruments specifically the 

reasoning of multiple choice  use the Winsteps program. The results obtained should be referred 

by categorization (Sumintono & Widhiarso, 2013, p. 109). This analysis review item reability, 

person reability, and alpha cronbach.  

The percentage of the successfully lesson plan known by using the formula 𝑃 =
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∑ 𝑋

𝑛
𝑥 100% with ∑ 𝑋 is the total score and 𝑛 is the number of components of the succesfully 

are observed. After known successfully percentage value, the value is then converted by 

categorization (Akbar, 2013, p. 157). 

Analysis of the improvement of cross-disciplinary knowledge using normalized gain 

method with the formula (𝑔) =  
%𝑝𝑜𝑠𝑡−%𝑝𝑟𝑒

100−%𝑝𝑟𝑒
. The normalized gain obtained from the value of 

the pretest and posttest were subsequently seen the improvements and categorized according 

to (Hake, 1998, p.65). 

 

RESULTS AND DISCUSSION 

A SETS-based science teaching kit is a product of education within the framework of the 

process of science learning with the integration of environmental aspects, technology, and 

society. Products developed according to kurikulum 2013 with the material energy in living 

systems for 7th grade students. The material is packed in the integration of SETS. Students build 

knowledge based on four-dimension by analyzing the issue SETS. The issue such as increase 

of fuel price, preservatives and food coloring, as well as go green programs reflected on 

students worksheet. A SETS-based science teaching kit developed to meet the characteristics 

modified from several experts, among others, (1) to observe the issue SETS, (2) ask the 

questions, (3) analyze the issue SETS, (4) presents the results of the analysis, and (5) presented 

the results of the analysis. 

 

The Feasibility of SETS-Based Science Teaching Kit 

The feasibility of the product can be known after the analysis of data obtained from the 

validator. There are two expert lecturers who holds a doctorate as a validator. In addition, two 

science teachers also participate assess and evaluate the product as a practitioner.  

Product validation performed by using sheets of validation. The sheet of validation 

contains several aspects for each component of a SETS-based science teaching kit. Assessment 

of each aspect consists of 5 scale. In addition, the validator and practitioners were given a space 

advice as input criticisms or suggestions. At the end of the validation sheet contained 

suggestions and conclusions on the overall. The results of the qualitative assessment of expert 

lecturers and science teachers stated that viable products tested to the field with a slight revision 

of the advice. Quantitative assessment scores converted products using criteria Widoyoko 

(2011, p238). The assessment results as shown in Figure 2. 
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Figure 2. Assessment Product by Validator  

 

Once assessed and validated by a validator, a draft revised product appropriate 

suggestions. The reasoned of multiple choice tested empirically grounded to students who have 

obtained all the energy material in living system. The matter was tested on 33 students. The 

results of data analysis using the program Winsteps describe the quality of the items based on 

criteria Sumintono & Widhiarso (2013, p.111). Once analyzed, the product was revised in 

accordance with the number of reserved the less meet the criteria. Revisions can be either 

rearrange the sentence stem, the selection of alternative answer as well as the preparation of 

appropriate stem with alternative answers. 

The feasibility of the students worksheet view readability by 7th grade students of with a 

questionnare. It is intended to obtain information that can be understood SETS-based students 

worksheet appropriate with thinking development level for 7th grade students. The readability 

score of students worksheet using a scale of 5. The questionnaire has a positive and negative 

statements to minimize the respondent’s lack of response.  

Based on readability questionnaire has produced a sequence of items easily approved up 

to difficult items approved. Indicators of each item that is easily approved by the respondents 

until the difficult items approved by the respondents, (1) the presentation of simple, clear, and 

easy to understand, (2) the material supporting the involvement and willingness of students to 

participate actively in problem solving, (3) the presentation of the material in a simple and 

clear, (4) the suitability of learning objectives with material, (5) the presentation of the material 

in a systematic and logical, (6) pictures and graphics are clear and easy to read (7) the clarity 

of the title, description, instructions, and questions, and (8) the accuracy of the layout of 

images, tables, and questions. 
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The analysis of the data related to the readability SETS-based students worksheet 

produce items reability of 0.92 with an excellent category, person reability of 0.55 with a weak 

category, and the alpha cronbach 0.63 by sufficient category. An excellent reability item 

indicates that the item fall into the classification of very good, however the structure of the 

items still to be revised for the numbers 1, 2, 3, 5, and 9. Items that require revisions have Pt 

Mean Corr is outside the accepted terms, which is 0,4-0,85. The results of person reability 

showed a weak category that describes the respondents gave not maximal responses. This 

condition is due to a negative statement proved to confuse students. This situation can be 

resolved if the students actually read the statement in the item carefully. Alpha cronbach scores 

as reability test has achieved sufficient categories. In connection with the questionnaire 

response for data readability SETS-based students worksheet with respondents 38 students of 

SMP Muhammadiyah 8 Wedi are quite justifiable truth. 

The Effectiveness of The Product to Improve Cross-Disciplinary Knowledge 

Cross-Disciplinary Knowledge is basic knowledge to look at a issue from several points 

of view on the material, exsprcially SETS-based for the matter of energy in living systems. The 

characteristics of the process integration of these dimensions include, (1) focus on one single 

discipline; (2) connecting one field study of science with other fields of study; and (3) using 

divergent or convergent method to select and categorize several ideas (Pennington, 2008, p. 8). 

The effectiveness of SETS-based science teaching kit to improve in cross-disciplinary 

knowledge can be known the normalized gain score. The normalized gain score can be 

determined with analyzing the pretest and posttest. The results obtained subsequently by 

criteria Hake (1998, p.65). Results of the data analysis increased cross-disciplinary knowledge 

in an experimental class and a control class shown in Figure 3. 

 

Figure 3. The Categorization Improvement of Cross-Disciplinary Knowledge 

Nilai; 
Tinggi; 9

Nilai; ; 0

Nilai; 
Sedang; 9

Nilai; ; 8

Nilai; 
Rendah; 3

Nilai; ; 8

St
u

d
e

n
ts

 A
m

o
u

n
t

Gain Score Categorization

        High                   Medium                 Low 



 

209 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

 

Figure 3  shows the analysis of pretest and posttest of students. An experimental class 

and a control have significant differences, exsprcially high category. There are 9 students rise 

higher in the experimental class, but  control class was absolutely no improvement. In the 

medium category improvement, an experimental class have more than the control class with a 

difference of one student. In the low category improvement, an experimental class less than the 

control class. Based on the analysis by using the program Winsteps, minus value retrieved by 

control class with a score of -0.15 and-0.27. This situation illustrates that the pretest value by 

2 students is higher than the posttest value. 

Based on the analysis that has been done, all students in the experimental class has 

increased. There are 2 students are not increased in the control class. Thus, it can be concluded 

that a SETS-based science teaching kit can be classed as effective for improving cross-

disciplinary knowledge 7th grade students of SMP Muhammadiyah 8 Wedi Klaten.  

Nowadays the development of science and technology very rapidly. This situation 

encourages science teachers to create a students centered-based science learning. One way is 

through an interdisciplinary approach. According to Iofciu, Miron & Antohe (2013, p. 591) 

suggest that teachers can use a virtual experiments, informatics tools, and educational software 

in science learning. More said by Doğan (2010, p. 139) that children between the ages of 6-14 

years are not enough to just learned in class to have the knowledge they need. Thus, the 

competencies of cross-displinary knowledge will be awakened to its full potential by junior 

high school students.  

Cross-displinary knowledge can also be seen from the students response in the form of a 

self-assessment questionnaire. Students fill out a questionnaire with the options yes or no. The 

results of data analysis based on self-assessment questionnaire is presented in Figure 4. 



 

210 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

 

Figure 4. Self-Assessment Cross-Disciplinary Knowledge 

 

Figure 4 shows the order item level are easily approved up to difficult items based on a 

total score using Winsteps program. Item number 4 has the most total score that illustrates that 

this item is easily approved by respondents. For the item number 5 belongs to the most difficult 

was approved by respondents on the questionnaire. The sequence of items with indicators from 

easy approved up to difficult items approved in energy materials in living systems: (1) put the 

ideas related to aspects of society, (2) use the connected model to find the relationship between 

aspects of science and technology, (3) use the connected model to find the relationship between 

aspects of science and society, (4) use the connected model to find the relationship between 

aspects of science and environment, (5) put the ideas related to aspects of environment, (6) put 

the ideas related to aspects of technology, (7) put the ideas related to aspects of science, (8) use 

the divergent and convergent method in SETS to select and classify ideas, (9) use the converges 

method in SETS to select and classify ideas, and (10) use the divergent method in SETS to 

select and classify ideas. 

Data analysis of self assessment cross-disciplinary knowledge produce item reability of 

0,74 with weak category, person reability of 0,40 with weak category, and alpha cronbach of 

0,44 with bad category. A weak item reability criteria illustrates that item on the self-assessment 

questionnaire is quite good quality, but the structure item should be revised for item numbers 

4, 7, 8, 9, and 10. These 5 items have a Pt Mean Corr which are outside the terms are accepted, 

that is equal to 0.4-0.85. However, the criteria in Winsteps program for this research such as 

item reability, person reability and alpha cronbach does not have a misfit condition. 
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Person reability shows a weak category, meaning that the respondents gave responses 

that are not maximal. A very weak person reability causes the value of alpha cronbach as well 

as the criteria reability test is not good. This condition is due to the 7th grade students of SMP 

Muhammadiyah 8 Wedi unfamiliar thinking broadly, so that the integration of environmental 

aspects, technology, and society in students is still low. This situation can be given a solution 

to accustom students to be active in science learning. The active students will have many 

questions related to materials science. These questions can depart from everyday life in various 

aspects of life, such as the environment, technology as well as society. 

 

CONCLUSSION AND SUGGESTION 

This research develop a educational products, namely a SETS-based science teaching 

kit. A SETS approach to facilitate the integration between science, environment, technology, 

and society aspects. The feasibility of the product declared worthy by the excellent category 

with a mean score of 4.59 out of range 0-5. The effectiveness of the product to improve Cross-

disciplinary knowledge is proven because have a positive influence for 7th grade students of 

SMP Muhammadiyah 8 Wedi, Klaten. All students in the experimental class have increased the 

value of cross-disciplinary knowledge and without misfit condition. 
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Abstract 

The learning of chemistry which becomes increasingly complex in the 21st century 

demands the students to develop a number of cognitive as well as psychomotoric skills 

throughly. There are skills which students have to master such as analytical thinking skills 

and science processing skills. However, in reallity, there are many obstacles faced by the 

teachers to measure those two variables. Therefore, a test which is able to measure the ability 

of the students both in cognitive and psychomotoric and to optimalize the potency of the 

students is needed. The objective of this study is to solve the problem of assessment in 

chemistry learning which only measures thinking skills on lower level and gives little 

attention on science processing skills of students. The interview results conducted towards 

chemistry teachers in several SMA/MA in Yogyakarta, show that the teacher have not been 

fully assessed in correct manner in practical learning procces. On the other hand, one of 

competencies which teachers must possesed is to develop assessment instruments. Moreover, 

there are a lot of learning results, instruments used by the teachers which have not been able 

to measure the students analytical thinking skills and science processing skills effectively and 

efficiently. A good assessing instrument is an instrument which is able to develop the 

students’s ability to solve the problems, to find solutions, as well as to increase their analytical 

thinking skills through chemistry learning based on science processing skills. Therefore, the 

measurement of analytical thingking skills and science process skills of the students 

integratively has to be conducted to embrace the demand of 21st century chemistry learning. 

 

Keyword: measurement, analytical thinking skills, science process skills 

 

INTRODUCTION 

Assessment is a very important thing in learning process. Assessment will be meaningful 

in learning process if the result of assessment being used and followed up correctly by theachers 

(Muhson et al,. 2015). Assessment has to be more than a test of final learning process, and so 

has to be integrated part of a learning that capable to inform, guide, and increase the learning 

result of students (Purnomo, 2013; Isandespha, 2013). This is appropriate with Pantiwati’s 

research (2013) as explained that assessment is capable to increase students’s cognitive ability 

in school. So that learning process and learning result assessment are two components that 

can’t be separated.  

Learning result assessment aims to evaluate students’s result attaining, thoroughly from 

cognitive dimension (knowledge), affective dimension (attitude), also psychomotor dimension 
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(skill). One of the learning activities that can train the students to develop their three 

competencies is practicum activity in laboratory (Sunyono, 2008). Practicum activity requires 

process skills approach, because through skills process, students are able to solve the problems, 

so students will discover and develop the fact, concept, and scientific developing (Jelita, 2013). 

Subali (2011) explained that science process skills are cognitive skills that can be 

measured using written test. One kind of written test assessment is commentary question. The 

excess of commentary question is capable to measure various aspects of students’s science 

process skills, so that commentary question possessed potency to be developed as science 

process skills instrument (Fatmawati, 2013). 

Students’s learning result assessment on cognitive and psychomotor dimension are often 

found problems. A problem that is often to be occurred for example, teachers choose the form 

of class assessment without considering about how would they assess and what would they 

assess (Wenno, 2010). Beside that, science process skills assessment haven’t be done by 

teachers optimally.  Based on the results of Suwandi’s research (2011) that teachers’s capability 

in preparing and doing assessment aren’t enough, even so there are many teachers that don’t 

have sufficient understanding about assessment system.  

Presentation of questions that dominantly using short answers that are only limited by 

knowledge, understanding, and application will make used of students’s ability to solve low 

level cognitive questions (Sastrawati et al., 2011). Yet in the 21st century, students are demanded 

not to only have lower order thingking, but extended to the capability of higher order thingking 

(Istiyono et al., 2014). Beside that, learning results instrument that used by teachers for daily 

tests or used by schools for general tests haven’t fulfilled the conditions as a good test (Mardapi 

et al., 2011). 

Based on that explanation, there is a need to measure analytical thinking skills 

objectively all including various science process skills aspect in chemistry practicum learning 

in laboratory. This is because the laboratory activities are effectively able to develop intellectual 

ability, scientific inquiry, and students’s skills in solving problems (Hastuti, 2014). 

 

DISCUSSION 

Chemistry Learning on 21st Century 

21st century is a new era of science development in every sector. The challenges of 21st 

century that more and more complex are affected problems on lowering cultural awareness and 

quality of education problems. Every problem needs solution through learning. Slameto (2003: 
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2) expressed that learning is a process or effort that did by someone to obtain a new change of 

behavior as a result of his own experiences in interaction with his environment. That behavior 

changes are: 

a. Conscious changes, someone that is learning, will sense the changing that is occured inside 

himself; 

b. Continuous and functional changes in learning, an occured changes inside someone that 

will cause next or another changes and it is useful for his life or the next learning process; 

c. Positive and active changes in learning, more and more effort to learn the more and better 

changes he will get. Active means that changes won’t be happen by itself, but it is because 

of that individual’s effort; 

d. Non temporary changes, behavior that occurred after learning will be permanent; 

e. Changes in purposed and focused learning, behavior changes are occurred because there are 

goals to be achieved; 

f. Changes included all behavior aspects, if someone learned something he will experience 

behavior changes thoroughly in attitude, skill, knowledge, and etc. 

Meager (Sumiati & Asra, 2009: 10) explained that the purposes of learning are intention 

that was communicated through statement that describes about changes that are being expected 

by students. Futhermore, Daryanto (2005: 58) explained that the purposes of learning are 

intention that describes knowledge, ability, skill in the form of observable and measurable 

behavior. 

21st Century is a civilization that needs competency to be able to interact with other 

people and to work in a group. The characteristic of 21st Century in the world of education is 

development of technology and science that needs to be supported by adequate skills. Trilling 

& Fadel (2009: 48) explained that the main skills that need to be develop to face againts 21st 

Century, are: 

a. Problem solving skills; 

b. Communication and collaboration skills; 

c. The skills to be active, innovative, and to equip himself with science; 

d. Creative and analytical thinking skills. 

 

 

Analytical Thinking Skill 

Fauziyah et al. (2013) described that analytical thinking as a thinking skill that should 
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be using a logical approach towards a single answer. Logical-analytical thinking is often to be 

called as convergent thinking, it is because this thinking method has tighten tendency and 

aimed a single answer. Kind of questions that have the capability to analyze are often being 

used to measure students’s high level cognitive skills based Bloom’s taxonomy. Bloom et al. 

(1956: 18) grouped cognitive taxonomy into six divisions, they are recognition, 

comprehension, application, analysis, synthesis, and evaluation. Anderson et al. (2001) revised 

Bloom’s taxonomy and divided into six cognitive domains, they are recollect, comprehension, 

application, analyze, evaluate, and create. 

Bloom (Edwards & Briers, 2000) clarified cognitive domain into two divisions, they are 

higher order thinking skills and lower order thinking skills. Capability that are belonging to 

lower order thinking skills are included recollect, comprehension, and application. Capability 

that are belonging to higher order thinking skills are included analyze, evaluate, and create 

(Anderson et al., 2001: 30). 

Analytical skills included the skill to elaborate an information into smaller element with 

purpose to clarify the meaning (Pardjono & Wardaya, 2009). Therefore, students need to be 

trained about how they capable to express the reason of relationship of a thing and capable to 

create structured solution, so that their analytical skills are progressing. This is appropriate with 

Carr & Sparks’s opinion (2011), it is expressed that conscious thinking skills have relatively 

limited capacity in the brain, so that need to be trained with various scientific approaces. In 

other words, analytical thinking skills can be trained with exercise. More often doing exercise, 

students will be more trained in analytical thinking. Learning design that are capable to train 

students in analytical thinking is through a practicum based chemistry learning. Generally, 

practicum activities are special characteristic of chemistry learning, so that practicum is 

inseparable from the chemical learning to obtain laboratory experiences, investigate 

experiences, attitudes improvement toward chemistry and science process skills (Susilaningsih, 

2012). 

 

Science Process Skills  

Science process skills are thinking skills that often used by scientists to develop the 

knowledge of problem solving (Özgelen, 2012). Al-Rabaani (2014) stated that science process 

skills are capable to improve the knowledge to build students’s skills in obtaining and 

developing that knowledge. Process skills approach is learning approach which  accentuates 

students’s learning process, activity, and creativity in case of obtaining knowledge, skill, value, 
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and attitude (Mulyasa, 2005: 99), along with applicating it in daily life (Karsli & Şahin, 2009). 

Science process skills development enable the students to build and solve problems, critical 

thinking, also to decide and find the answer of their curiosity (Karamustafaoğlu, 2011).  

There are seven kind of skills that are developed through learning activities based on 

science process skills approach, they are (Hamalik, 1995: 150-151): 

a. Observing; students should be able to use their senses, such as seeing, hearing, touching, 

smelling, and feeling; 

b. Classifying; students have to be skilled to know the differences and similarities of their 

observation results of an object, and conduct classification based on specific characteristic, 

purpose, or particular interest; 

c. Interpreting; students have to own skills to interpret facts, data, informations, or events; 

d. Predicting; students have to own skills to relate data, facts, and informations; 

e. Applicating; students have to be able to applicate the concepts they have learned and 

mastered into a new situation or experience; 

f. Research planning; students have to be able to determine the problems and variables which 

will be studied, the purposes, and the scope of the research; 

g. Communicating; students have tobe able to arrange and communicate the report 

systematically and communicate their results, both learning process or learning results to 

the other students. 

Subali (2011) expressed that the science process skills are cognitive skills which can be 

measured using written test. The form of written learning result test can be commentary 

questions or multiple-choice questions. The purpose of learning result tes measurement are to 

obtain informations and students’s skills accurately (Bauer, 2000).  

 

Integrated Measurement  

According to Allen & Yen (1979: 2) measurement is determining number on the 

individuals in a systematic way that reflects the nature (characteristic) of the individual. Miller 

(2008: 2) defined the measurement as quantitative description of students’s individual 

achievement on a single test or  multiple tests assessment. Basically, measurement is a number 

determining activities of an object systematically or related to the finding or determining 

process of quantitative values (Mardapi, 2008: 2). Carin (Nasution, 2007) proposed that 

measure is quantitive observation by comparing it to the standards. In the world of education, 

as stated by Cangelosi (1995: 21) measurement is the process of collecting data through 
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empirical observation. Therefore, the integrated measurement is the process of collecting data 

with giving number or value for students in cognitive  and psychomotoric dimension can be 

integrated through learning outcome in integrated assessment. Cognitive dimension in 

chemistry learning is analytical thinking skills, while psychomotor dimension is science 

process skills. 

 

CONCLUSION AND SUGGESTION 

Based on the results of literature review, it can be concluded that the challenges of 

chemistry learning in 21st century which is more complex demands the students to develop 

amounts of cognitive or psychomotor skills. The success of chemistry learning is determined 

through an integrated measurement of students’s abilities and skills. The urgency of integrated 

measurement in chemistry learning is the key of success of learning process. This is because 

the measurement is made of effective and efficient combination between students’s analytical 

thinking skills and science process skills. Therefore, in order to prepare young generation with 

high competitiveness, the chemistry teachers have to applicate the integrated measurement of 

analytical thinking skills and science process skills at once to solve the problems through 

chemistry learning. 
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Abstract 

In recent years teaching Science, Technology, Engineering, and Mathematics (STEM) 

becomes an important issue in education trend in developed countries such as America, 

Britain, and Japan, but in Indonesia is newly introduced. One of the highlights of STEM 

learning is learning models that can be used by teachers to implement integrated with STEM 

learning so as to improve scientific literacy. 

This paper aims to synthesize the results of research on learning models that have been used 

in STEM learning. The meta-analysis was used to synthesize several research reports in terms 

of the models support STEM teaching and learning model preliminary investigation using 

project-based learning and virtual lab by connection STEM into learning. Results of a meta-

analysis showed that the learning models that can be used in integrated learning STEM 

includes model problem-based learning, inquiry-based learning, project-based learning, and 

learning cycle 5E; and the results of preliminary investigation using project-based learning 

and virtual lab associated with STEM can increase the scientific literacy of students. This 

research can proceed with designing a STEM-based virtual lab to improve the scientific 

literacy of students that will be much choice learning model that can be used through STEM 

approach in schools Indonesia  

  

Keyword: models of learning, STEM, scientific literacy 

 

INTRODUCTION 

The development of science and technology (Science and Technology) affects almost 

the whole of human life in various fields. To be able to master science and technology, the 

quality of human data sources should be increased through improving the quality of teaching 

in schools. Education is not only aimed at providing subject matter alone, but emphasize how 

to invite students to discover and construct their own knowledge so that students can develop 

life skills (life skills) and ready to solve the problems encountered in life.  

Various product of the development of science and technology has been used by 

students, both in the form of the most simple to the most advanced to facilitate them in the 
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learning process. Not only limited use of technology course, the student is expected to create 

new technologies with its creativity. In order for students to make a new product developed 

then learning is no longer monolithic but more integrative. One way to achieve this goal with 

the education Science, Technology, Engineering, and Mathematics (STEM). 

STEM become an important issue in adult education this trend, in addition to the STEM 

has been applied in developed countries such as America, Britain, and Japan. Bybee (2013) put 

forward the goal of STEM education, so that students have the scientific literacy and 

technological apparent from reading, writing, studying, and doing science so that when they 

later plunge in society, they will be able to develop competencies that have been held for 

dealing with problems in daily life related STEM disciplines. 

STEM education refers to the concept of integrating technology design/engineering in 

the teaching and learning of science in the school curriculum (Sanders et. Al, 2011). Students 

who obtain STEM integrated learning have better learning outcomes. Lam, P., et al (2008) 

reported that in STEM learning students are involved in contextual learning and hands-on 

learning activities that motivate students to learn and acquire new knowledge. Has many 

research reports about STEM has been done using a variety of learning models, but is still 

limited empirical evidence that sought to determine the effectiveness of the implementation of 

the learning model STEM among others, by using the model of Project Based Learning (PBL) 

(Laboy-Rush, 2010) , Problem Based Learning (El Sayary, A.M.A, 2014), Inquiry Based 

Learning (Sahin, A in Capraro, et al. 2013), 5E (Engagement, Exploration, Explanation, 

Extension, Evaluation) (Morgan, JR, et al, in Capraro, et al, 2013). In addition, one way to help 

and facilitate the students to display capabilities integrated science literacy STEM is an 

experimental method based virtual simulation (August, S. E, et al, 2011). Therefore, the 

researchers conducted an analysis of international articles and preliminary investigation in an 

attempt to obtain a description of the characteristics of the learning model that has been used 

in STEM learning. Based on the background described, it can be arranged two research 

questions as follows: 

1. How do the characteristics of learning models that have been used in integrated learning 

STEM? 

2. How can the effectiveness of virtual lab in which integrated with STEM learning to 

improve the scientific literacy of students? 

The aim of this study was to conduct an analysis of models of integrated STEM 

learning by knowing the characteristics of each model of learning that is integrated with STEM. 
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In addition, this research into a preliminary investigation of the use of virtual lab as a reference 

in developing STEM-based virtual lab. This study used a descriptive approach to the analysis 

of models of integrated STEM learning and quasi-experimental methods to study the 

effectiveness of the introduction of virtual lab is integrated with STEM. 

Data collection consisted of two parts, the first is obtained from the analysis of models 

of integrated STEM learning from a variety of articles that can be accessed via the internet that 

are open access, so we get 4 articles that discuss learning models integrated STEM. The second 

was obtained from a preliminary investigation to determine the effectiveness of the integrated 

virtual lab STEM by way of trying out virtual lab of PhET simulation of the University of 

Colorado topic of the greenhouse effect at a school that consists of experimental class and 

control class. 

The data analysis of this study consists of two parts, the first qualitative data analysis 

for data usage models integrated STEM learning by looking at the characteristics of these 

learning models. Secondly, with the analysis of quantitative data that saw the normalized gain 

from the results of pretest and posttest student using a virtual learning lab that is integrated 

with STEM, then the values are converted to an effect size to see the effectiveness of integrated 

virtual lab in STEM learning. The following are the effect size based grouping Cohen (1988) 

with the following categories presented in table 1 : 

Tabel 1. Category Cohen about the effect size 

No Rentang Kategori 

1 ES  0.2 Weak 

2 0.2  ES  0.5 medium  

3 0.5  ES  0.8 strong  

4 0.8  ES  Very strong 

 

DISCUSSION 

Results of the analysis consists of two parts. First, the analysis of several international 

articles related to learning models used in integrated STEM learning, in which the articles are 

research reports that can be accessed from various international journals. This analysis aims to 

determine the characteristics of the models integrated STEM learning. Second, analysis of the 

effectiveness of the integrated use of virtual lab STEM by trying out the class VII SMP IT 

Adzkia in Sukabumi, West Java Province to see the effect size of the use of virtual learning lab. 



 

225 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

For more the data can be described as follows: 

1. Integrated Learning STEM Models 

Analysis of international articles that have been carried out by means of meta-analysis 

of international articles about learning models integrated STEM presented in Table 2 as 

follows: 

Table 2. Analysis Research STEM Learning Models 

Researcher Year Models of teaching Sintaks  

Laboy-Rush  2010 Project Based 

Learning 

- Reflection 

- Research (S, T) 

- Discovery (E) 

- Application (T, E, & M) 

- Comunnication  

El Sayary, A. M. A 2014 Problem Based 

Learning 

- Orientation problems 

- Organizing issues to examine 

(E) 

- Helping independent and 

group investigation (T) 

- Develop and present the 

artifact and exhibit (T & M) 

- Analyze and evaluate the 

process of the problem 

Sahin, A 2013 Inquiry Based 

Learning 

- Ask 

- Investigate (S & E) 

- Create (S, T, E, M) 

- Discuss  

- Reflect  

Morgan, J. R, et al 2013 Learning Cycle 

Type 5E 

- Engagement (S & E) 

- Exploration (S, T, E, M) 

- Explanation (S) 

- Elaboration(S, E) 

- Evaluation 

Description : 
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S : Science; T : Technology; E : Engineering; M: Mathematics 

 

From the research El Sayary, A.M.A (2014) concluded that STEM education can suit 

all different learning styles when Appropriate pedagogy, technology, and content are combined 

(Capraro, Capraro, and Morgan, 2013; Access STEM, 2008; Bell, Gess-Newsome & Luft, 

2008). This is Because The STEM disciplines are focused on some teaching strategies such as; 

guided inquiry (Minstrell & Van Zee, 2000), constructivism learning (Mayer, 2004), project-

based learning (Mosier, 2013), problem-based learning (Massa, N. et al, 2011), and the 

integration of technology (Capraro, Capraro, and Morgan, 2013; Clark & Ernst, 2007).  

Association learning models that can accommodate STEM approach to build scientific 

literacy is based on the characteristics of STEM. Characteristics of learning models that can be 

accommodated by the STEM approach with collaborative learning, constructivism, starting 

from problems and creativity in solving real world problems (Capraro, Capraro, and Morgan, 

2013). More clearly illustrated in figure 1 below : 

 

 

 

 

 

 

 

 

Figure 1. Characteristics of learning models to approach STEM 

From the above picture can be seen the relationship between models of STEM learning 

approach that includes collaborative learning, constructivism, creativity, and problem solving 

are the ultimate goal of all is to solve problems with creativity. 

 

2. Preliminary Research on the effectiveness of virtual lab in improving the 

integrated STEM Scientific Literacy 

The effectiveness of the STEM integrated virtual lab of preliminary research results 

can improve the scientific literacy of students to see the magnitude of the effectiveness of using 

a virtual lab effect size seen through Ngain scientific literacy of students during the pretest and 

posttest. effect size can be calculated using the formula proposed by Cohen as follows: 
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𝛿̅  = Effect Size 

 𝑌𝑒̅  = mean experiments class 

 Yc = mean control class 

 SDc = Standar Deviation control class  

From the statistical analysis and calculations using the formula above, the statistical 

results are presented in table 3 below: 

Table 3. Statistic Results 

Description  Control Class Experiments class 

Mean 0.0497 0.1938 

SD 0.21093 0.18435 

Ngain 0.075 0.253 

Normality (P-Value K-S) 0.007 

(Tidak Normal) 

0.350 

(Normal) 

Mann-Whitney test P-Value (2 tailed) = 0,040, P-value/2 < α  

(0,020 < 0,05) 

Effect Size 0.68 

 

To determine the influence of the use of virtual labs for science literacy of students, 

then calculated using the formula effect size. From the calculation of effect size, ES obtained 

at 0.68 which is included in the robust criteria. It can be concluded that the use of virtual lab is 

integrated STEM positive effects with strong criteria to improving the scientific literacy of 

students. 

In the a preliminary investigation that has been done by using a virtual lab that has 

been done is integrated STEM with with all the coverage STEM subjects as indicated by the 

use of information technology in the virtual lab is used, the design of virtual lab and 

mathematical concepts in the form of binary numbers on a virtual software lab the. For the next 

will be designed with the STEM-based virtual lab of integrating it directly into the virtual lab.  

 

CONCLUSION AND SUGGESTION 

Results of analysis of four articles on integrated models of STEM learning shows that 

𝛿̅ =
𝑌𝑒̅ − 𝑌𝑐̅

𝑆𝐷𝑐
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learning can improve scientific literacy of students with learning model characteristics in the 

syntax indirectly integrated with STEM.  

Results of a preliminary investigation using a virtual lab associated with STEM 

positive effect of increasing scientific literacy of students with strong category. Through STEM 

learning, students have a science and technology literacy apparent from reading, writing, 

studying, and doing science so it can be equipped to live in a society and solve the problems 

faced and ready to face the challenges of the 21st century.  

Results of analysis and a preliminary investigation of this article can be a guide for 

teachers and researchers to develop models in teaching STEM learning to students. It also can 

be a reference for researchers in developing STEM-based virtual lab.  
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Abstract 

Meaningfulness in science learning obtained by students through scientific literacy that are 

useful in solving problems in their life. This study aims to determine the increase science 

literacy and student responses to the project-based learning. The resulting project students in 

the form of a miniature greenhouse in the investigation of events greenhouse effect. Quasi-

experimental method used in this study using the matching-only pretest-posttest control group 

design. Experimental class treatment given project-based learning, while grade control using 

scientific approach. Science literacy assessment using framework PISA (Programme for 

International Student Assessment) by TIMSS (Trends in International Mathematics and 

Science Study) developed by researchers through scientific literacy expert lecturers 

judgment.Increased literacy student experiment class and control class seen from the 

difference between pretest-posttest and normalized (N-gain). N-gain control experiment class 

and first tested for normality, of a statistical test using SPSS 16 is obtained data is not normal 

so followed by non-parametric statistics. Mann Whitney test was obtained from the P-value 

(two-tailed) 0.037, obtained P-value/2 < α (0.0158 < 0.05). It can be concluded that the 

scientific literacy experiment class with a miniature greenhouse project was significantly 

different than the control class. The response of students to project-based learning, among 

others: students enjoy learning science, students interested in learning project-based learning, 

and the seriousness of the students in the study greenhouse effect. Research can be continued 

using a virtual lab or linking technology in learning. Project-based learning can be integrated 

using the approach of Science, Technology, Engineering, and Mathematics (STEM) in the 

learning of science. 

 

Keywords: scientific literacy, project-based learning  

 

INTRODUCTION 

The essence of learning science is not just to remember and understand the concept 

discovered by scientists. Moreover, learning science provide direct and meaningful learning 

experience that can be applied in everyday life. Meaningfulness in learning science can be 

obtained through the scientific literacy of students that are useful in solving problems in life. 

Scientific literacy in PISA (Programme for International Student Assessment) is "the ability to 

engage with science-related issues, and with the ideas of science, as a reflective citizen" 

(OECD, 2013). 

Characteristics of scientific literacy has four interrelated aspects, namely: (1) context: 
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recognising life situations involving science and technology; (2) knowledge: understanding the 

natural world on the basis of scientific knowledge that includes both knowledge of the natural 

world, and knowledge about science itself; (3) competencies: scientific demonstrating 

competencies that include identifying scientific issues, explaining phenomena scientifically, 

and using scientific evidence; (4) attitudes: Indicating an interest in science, support for 

scientific inquiry, and motivation to act responsibly towards, for example, natural resources 

and environments (OECD, 2013). 

The ability of students to use knowledge and understanding of science as a basis for 

making decisions in life can not be separated from the learning process in the classroom. The 

learning process that supports science literacy accommodated in the learning model used. 

Learning science on 2013 national curriculum has provided guidance in the selection of 

appropriate learning model with a scientific approach. Learning model may include: project-

based learning (PjBL), problem-based learning (PBL), or discovery learning. Selection of 

learning models submitted to the teacher to adapt to the characteristics of teaching materials. 

Project-based learning is a model student-centered learning and provide meaningful learning 

experiences for students. Student learning experience and builds upon the concept of products 

produced in the process of project-based learning. 

Project-based learning is a learning model that uses matter as a first step in collecting 

and integrating new knowledge based on experience in the activity significantly. Through the 

PjBL, the process begins with the inquiry raises questions guide (a guiding question) and 

guiding students in a collaborative project that integrates a wide range of subject in the 

curriculum. PjBL is an in-depth investigation of a topic that is valuable to the real world 

attention and effort students (Kemdikbud, 2014). 

Johnson & Lamb (2007) states that: project based learning focuses on creating a 

product or an artifact by using problem-based and inquiry-based learning Depending on the 

depth of the driving question. There is a link between problem-based learning (PBL) and 

inquiry-based learning (IBL) in PjBL. PBL focuses on real-world problem solving, and inquiry 

learning focuses on problem-solving skills, while the PjBL focused on creating a product or 

project in the build concept. 

Implementation of project-based learning in learning the science of research results 

can improve the cognitive learning (Baran & Maskan, 2010), forming attitudes and behavior 

care about the environment (Kilinc, 2010; Tseng, et al, 2013), science process skills (Özer & 

Ozkan, 2012), and effective learning (Cook, et al, 2012; Movahedzadeh, et al, 2012). Project-
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based learning is more appropriate in interdisciplinary learning because it naturally involves 

many different academic skills, such as reading, writing, and mathematics and fit in building 

conceptual understanding through the assimilation of different subjects (Capraro, et al, 2013). 

Global warming is a major topic of the causes of global climate change caused by 

increasing concentrations of greenhouse gases in the atmosphere. The greenhouse effect is the 

greatest contribution to air pollution. Events of the greenhouse effect caused by human activity 

itself including the burning of fossil fuels and deforestation which results in increased 

concentrations of greenhouse gases in the atmosphere. Greenhouse gases trap heat energy that 

the earth's temperature to rise rapidly. Scientists predict that the complex ecosystems that have 

developed and diversified over tens of millions of years can not be maintained (Hewitt, et al., 

2013). Awareness of the importance of preserving the environment needs to be imparted to the 

students early as a preventive measure in the face of environmental issues that occur. Therefore, 

a miniature greenhouse project is expected to improve the scientific literacy of students. 

Project-based learning taught by showing examples of tools or media to be used as a 

reference in the manufacture of a project by the students themselves. Furthermore, students 

design the project tools or media in the group, conduct investigations, make observations tables 

and presents it in the form of graphs, and draw conclusions based on the data. 

Based on the background described, it can be arranged two research questions as 

follows: (1). what is the current increase scientific literacy of students through project-based 

learning, and (2). how the students' responses to project-based learning. 

 

RESEARCH METHOD 

This study used a quasi-experimental (Sugiyono, 2013) with the design of the 

Matching-Only pretest-posttest control group design (Sukamdinata 2010; Fraenkel, et al, 

2011). Matching class in this study assumed that the class has the same characteristics (not 

significantly different). Subject taken as much as two classes were selected by purposive 

sampling technique (Fraenkel, et al, 2011; Sugiyono, 2013) in SMP IT Adzkia Sukabumi, West 

Java. Selection of experimental class and control class based on the advice of the teachers in 

the study with reference to the ability of the students. 

Experiments done by providing learning with PBL model of the experimental class and 

learning by using the usual lesson of teachers in schools with a scientific approach to the control 

class. The second class are given a pretest and posttest are expected to measure the scientific 

literacy of students in the second grade before and after learning gets greenhouse effect. Design 
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studies conducted as shown in Table 1 below. 

Table 1. The Matching-Only Pretest-Posttest Control Group Design 

Matching Class Pretes Treatment Posttest 

Eksperimen O X O 

Kontrol O C O 

Description:  

O : pretest-posttest 

X : treatment through PjBL  

C : regular learning done in school (scientific approach) 

Based on the table it can be seen that the problem given the pretest and posttest is about 

the same. Science literacy assessment framework using PISA (Programme for International 

Student Assessment) by TIMSS (Trends in International Mathematics and Science Study) 

developed by Researchers through scientific literacy expert judgment. Matter of scientific 

literacy are 25 questions with multiple choice form developed by the researchers chose TIMSS 

last three years of 2003, 2007 and 2011. Before being used in research, scientific literacy matter 

tested prior to class IX as many as 30 students. The trial results were analyzed using the 

program about literacy Anates version 4.0.9 obtained validity xy correlation coefficient 0.62 

(high category) and reliability 0.77 with high interpretation (Arikunto, 2012). 

Student response data is processed, analyzed, and performed statistical calculations to 

determine the increase scientific literacy of students. While the student response data is 

converted in the form of scores of each statement for the whole student responses are averaged 

and expressed as a percentage achievement. 

 

RESULT AND DISCUSSION 

Accessible scientific literacy students with literacy problems develop appropriate 

framework PISA (Programme for International Student Assessment) by TIMSS (Trends in 

International Mathematics and Science Study). Two classes used in this study, the experimental 

class and control class. Experimental class treatment given project-based learning, while grade 

control using the usual lesson of teachers in schools with a scientific approach. 

Scientific literacy assessment developed using framework PISA (Programme for 

International Student Assessment) by TIMSS (Trends in International Mathematics and 

Science Study). Two classes used in this study, the experimental class and control class. 

Experimental class treatment given project-based learning, while grade control using the usual 
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lesson of teachers in schools with a scientific approach. 

Increased scientific literacy experimental class and control class seen from the 

difference between pretest posttest and normalized (N-gain). N-gain (Hake, 1998) 

experimental class and control beforehand tested for normality, of a statistical test using SPSS 

16 is obtained data is not normal so followed by non-parametric statistics (Mann Whitney) with 

a value of α = 0.05. Statistical results are presented in the following table. 

Table 2 Test Results Statistics 

Class N-gain P-value (K- S) Conclusion 

Eksperiment 0.194 0.200 Normal 

Control 0.050 0.000 Is not Normal 

 

Mann Whitney test was obtained from the P-value (two-tailed) 0.037, compared to the 

value of α = 0.05 to P-value / 2 <α (0.0158 <0.05). It can be concluded that the scientific literacy 

class students experiment with a miniature greenhouse project was significantly different than 

the control class. Similar results were also obtained from the study Baran & Maskan (2010), 

the students Whom the project-based learning approach was applied to were more successful 

when students Whom Compared with the traditional method was applied to. Through project-

based learning, students can develop the skills they need for the 21st century competitive world, 

such as technology skills, proficient communication and problem solving (Bell, 2010). 

Based on indicators of scientific literacy in the aspect of knowledge greenhouse effect 

associated with aspects of the environmental context, indicators of competence which is used 

as a reference in the development of about scientific literacy, namely: identifying scientific 

issues (9 questions), explaining phenomena scientifically (9 questions), and  using scientific 

evidence (7 questions). Achievements obtained scientific literacy of students in the learning 

project-based learning are presented in the following graph.  

 

Figure 1 Graphics Competence Enhancement of Science Students 

Based on the graph, an increase in the average achievement of students' science literacy 
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on indicators identifying scientific issues (50.00%), explaining phenomena scientifically 

(45.56%), and using scientific evidence (51.43%). Positive increase scientific literacy of 

students to answer the question pretest posttest wrong to be right. These results indicate that 

the application of PjBL on the theme of the greenhouse effect is still not maximally increase 

the scientific literacy of students. Students are still not accustomed to solve the problems in the 

form of discourse/literacy problems. But overall, the increase in scientific literacy experimental 

class better than the control class. 

The response of students to the project-based learning miniature greenhouse is divided 

into three indicators. Based indicators suggest a sense of excitement to science: students feel 

happy when learning to use a miniature greenhouse (85%), through a miniature greenhouse 

pupils more aware of the importance of protecting the environment (91.25%), and learning to 

use a miniature greenhouse needs to be applied at school ( 87.50%). Indicators show interest 

in PjBL: students are motivated to understand the theme of the greenhouse effect (82.50%), 

studying with miniature greenhouses can help learn the concept (86.25%), and learning by 

means of miniature greenhouses can shape the attitudes Creative (93.75%). Indicator shows 

the seriousness studying environmental themes: learning by means of miniature greenhouses 

can be used as containers to understand the concept of a more simple and practical (83.75%), 

more students understand the material greenhouse effect by learning using practical tools 

(87.50%), students able to work together in groups to carry out investigations (88.75%), and 

the students really enjoy togetherness and cooperation within the group (88.75%). The response 

to the project-based learning students are presented in the following graph. 

 

 

Figure 2. Graph Responses Students Towards Project-based Learning 

The response of students to project-based learning, among others: students enjoy 

learning science (87.92%), students interested in learning project-based learning (87.50%), and 

the seriousness of the students in the study greenhouse effect (87.19 %). 
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CONCLUSION AND SUGGESTION 

The conclusion of this study, that the scientific literacy class students experiment with 

a miniature greenhouse project was significantly different than the control class. The response 

of students to project-based learning, among others: students enjoy learning science, students 

interested in learning project-based learning, and the seriousness the students in the study 

greenhouse effect. 

Research can be continued using a virtual lab or linking technology in learning. Project 

based learning can be integrated using the approach of Science, Technology, Engineering, and 

Mathematics (STEM) in the learning of science. 
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Abstract 

Science education is embodiment in introducing natural science to students through variety of 

teaching and learning activities. Which is seen as an essential part of science education, chemistry 

education is aimed to expresses the important of linking local and global issues in learning, relates school 

science to daily lives, and highlights the research and development in chemistry that turned out to be 

major impact to the learning paradigm. Chemistry teachers are required to be able to further optimize 

performance through packaging the attractive and meaningful learning in order to form independent and 

excellent students. At least, there are three characteristics of meaningful chemistry learning, such as 

design context-based teaching and learning, construct and strengthen students' knowledge, and attention 

to the response and suggestion from students in learning process. 

Chemistry learning in the 21st century is empirically testing the readiness of teachers as attempt 

to build the qualified atmosphere of meaningful learning. Teachers must be focus on studying the 

psychology of students that are based on ethnoscience, mastering the content of teaching and practical 

skills, and are able to emphasizing TPCK (Technology Pedagogy Content Knowledge), also connections 

among macroscopic, submicroscopic, and symbolic world. 

Nowadays, the rapid development of chemistry learning can be proved by number of trends 

such as inquiry based student centered instruction, e-learning, blended learning, flipped chemistry 

classroom with peer instruction, and learning chemistry apps on android and iOS. This invention can 

inspire and empower teachers to more involve students’ participation in active learning competencies 

for future global chemistry. 

 

Keywords: enhancing competencies, meaningful chemistry learning 
 

INTRODUCTION 

Challenges in science education in the 21st century continues to be a major concern of 

education’s experts in the world. Especially in chemistry education, educators do not just rely 

on a substantial content, but also need to investigate the importance of the development in 

learning process. Osborne (2013) states that the failure to transform science education to 

answer the learning needs of the 21st century is consequence of the weakness of the scientific 

thinking, so Dunbar (2000) suggests the approaches to determine the cognitive process that 

underlie the scientific thinking, such as perform the problem solving and investigate the 

character of the students. This approach allows for new discoveries in chemistry education. 

Turiman et al (2012) adds to answer the challenges of science learning, especially in science 
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and technology, students need to be equipped by the skills to optimize the power of students in 

the era of globalization. These skills can be realized through the study of science literacy and 

science process skills. 

Integration of ICT ( Information and Communication Technology ) in science learning 

can be used as an alternative in an effort to promote the distinctive character of chemistry 

education in order to form the atmosphere of meaningful chemistry learning. Pisapia (2003) 

affirms that the main goal of the integration of ICT is the use of technology in teaching 

chemistry to introduce , facilitate, and assist in improving the thinking skills and mastering the 

content. ICT development is as reminiscent of  chemistry teachers to understand the nature of 

science and important role of chemistry education by packaging a concept of  joyful learning. 

The learning process is expected to produce best learning outcomes from student centered 

learning that tends constructive, directing students toward higher order thinking skills, and 

establish being independent and excellent students. 

 

DISCUSSION 

A. Characteristics of Meaningful Chemistry Learning 

Bakhshi & Rarh (2012) revealed that the chemistry education is a formal education 

in teaching and learning of chemistry that involves critical components that include 

curriculum, syllabus , the learning process, and the final exam as evaluation of learning. 

Student centered learning in this modern era is not separated from the vital role of ICT that 

provides a variety of solution to solve problems in chemistry and help to improve the quality 

of chemistry learning. 

 Chemistry education tried to introduce concepts that are closely related school 

science and can be applied in daily lives. Cheung (2007) asserts that one of the objectives 

of chemistry education is to develop positive scientific attitude on students through teaching 

chemistry in school. When the negative scientific attitude appears on students, studying 

chemistry seemed under pressure and this is known as chemophobia. Eddy (2000) adds that 

the fear of chemistry will have a negative impact on student performance . Furthermore, 

disclosed Keeves & Margestern (1992) that this fear will lead to a lack of interest in 

chemistry learning. 

Chemistry education is formed from the development of a social-cultural context, 

experiment, theoretical, and professionalism that are designed attractive for students. All of 

context serves as connection between real-life applications with chemical concepts that 
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support learning and framework for the development of new knowledge in research. 

Chemistry education should focus on understanding and interaction between the context 

and concepts. The development of chemistry education in the international scope was no 

doubt and is becoming major focus of educational research in the world, such as in Germany 

and United Kingdom (Driessen & Meinema, 2003: 7). 

Westbroek (2005: 69-70) suggested the three important characteristics of meaningful 

chemistry learning that can be described as follows. 

1. Learning Context 

Chemistry teacher should introduce the appropriate context by providing different 

concepts and meaningful, so as to motivate students. 

2. Need to know 

Chemistry teacher should be able to handle questions as the basis for the beginning 

of the student's knowledge, rebuilding students' prior knowledge, providing a place to 

improve student engagement in the learning process because students will find any 

important points that have been studied. Naaman & Kaveick (2014) adds that the 

students learn to conduct an investigation in the context of science, understanding the 

nature of science and the development of scientific knowledge, as well as the relevant 

skills. 

3. Attention to Students’ Feedback 

This section is related to the need to know, means that chemistry teachers must be 

prepared to receive a response and have a chance to attention for details to all the 

suggestions of students, especially students that are very critical to the content. Students 

will feel the advices that will be given  are important and  making more motivated for 

control of chemistry competence. 

B. Readiness of Chemistry Teachers in Improving Meaningful Learning 

NSTA (National Science Teachers Association) expressed  that  science teachers 

must have four essential competencies, such as teaching pedagogy, content, social 

interactivity, and personality. Furthermore , Tarvin (2015) revealed that the chemistry 

teacher who succeed must be able to know  dan investigate  the needs of students, develop 

skills, and establish good communication with students. 

Chemistry teachers should be able to understand the important global issues in 

evaluation of learning that includes students’ psychology, the content that will be taught, 

and skilled in designing and develop subject specific pedagogy for students’ need and the 
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latest technological developments. 

1. Understanding the Importance of Ethnochemistry Learning 

The uniqueness of the students is major concern in the learning that must be 

understood by chemistry teachers . This diversity can be influenced by many things 

such as cogntive style, motivation, interests, habits, and prior knowledge, that allow 

students to respond differently. Teachers must know the character of the students 

during learning process. This condition can be observed by teachers through students’ 

attitudes during the learning activities, such as how students learn to understand the 

concepts, understand the aimed of problems to be solved, analyze the problem with a 

variety of methods, make decisions, with-draw conclusions, and solution was found as 

the best solution for communicated to the teacher and peers. 

Chiu et al (2013) explain that the chemistry was challenging, abstract, and only 

intended for students with a level of understanding and mastering the content, so the 

chemistry is still studied as a beginning  urgent subject in various departments such as 

medicine and pharmacy. Teachers can seek methods ,strategies, and specific 

approaches to understand the initial conditions of students’ psychology in learning, so 

that it can be used to overcome the difficulties of students. 

2. Mastering the Content  

The development of chemistry education has given contribution to chemistry 

teachers in pedagogy and linking between chemicals used to date, both in teaching and 

research in chemistry. Personal’s academic ability, high curiosity, independence, and 

creativity are examples of attitude that must be owned by chemistry teachers. This can 

be used as a source of strength of chemistry education that can be used to improve the 

competencies of students through inquiry based learning, problem solving skills, and 

provide enrichment content for the preparation of various competition as weapon to 

compete and produce students’ character. Mastering and teaching chemistry is 

important, should not be ignored in order to minimize the occurrence of 

misconceptions. 

Hofstein and Naaman (2007) revealed that the laboratory experiences has been 

recognized for promoting the goals of science education including improvement the 

students' understanding of the concepts and applications, practical skills, problem 

solving skills, habits of scientific thinking, and understanding of the interest and 

motivation of scientists in founding new knowledge. 
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3. Integration of ICT in Chemistry Education 

Mishra and Koehler et al (2008) emphasizes the concept of TPCK  (Technology 

Pedagogy and Content Knowledge ), there is a relationship between the chemistry 

content, technology and pedagogy. Some specific chemistry content such as chemical 

bonds, molecular shape, intermolecular forces, and functional groups require 

visualization in explaining, that known as  submicroscopic world and have been 

adapted to the learning objectives to be achieved. This section characterizes the 

relationship pedagogy with ICT. Sutrisno (2011 : 28-31) explains that ICT can improve 

the understanding of chemistry teachers in an attempt to demonstrate, explore, and 

explain aspects of student learning effectively through simulation. In addition, ICT can 

help chemistry teachers and students to access information easily, quickly, and 

improve the skills of inquiry in students . 

Chemistry teacher design the chemistry learning’s script through a lesson plan. 

Until now, many teacher still use the lesson plan based on classic design, which tend 

to be patterned the teacher centered in classroom practice. Now, already promoted 

some designs of integrated ICT lesson plan to introduce the teachers and students about 

importance of ICT applications in the classroom. 

Lozano & Watson (2013) succeeded in developing STAUNCH                         

(Sustainability Tool for Assessing Sustainability in Universities ' Curricula Holliticalle 

) that can provide a systematic method for chemistry educators in understanding, 

evaluating the strengths and weaknesses of the chemistry’s curriculum and designing 

strategies to promote the development of students’ learning. 

Sukor et al (2010 ) have developed the instrument that called as century 

chemistry skills test, which is equipped with components, such as assessments of 

digital age library, inventive thinking, effecetive communication, high productivity, 

religion, health, and civic to observe the learning outcome and compare them based on 

different socio-economic status. The investigation carried out on 48 students in 

Malaysia and the results showed that students with high socio-economic status gives 

higher scores than students with low socio-economic status. 

C. Trends of Chemistry Education in the World 

Recently, Variety in Chemistry Education/Physics Higher Education Conference 

(ViCEPHEC) was held at the University of Nottingham, UK. This seminar report the 
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results of learning development in chemistry education in the world . Seery (2015) 

summarizes the results of the seminar discussion in this following description . 

1. Heron explained about innovation in teaching chemistry. Learning treated to a 

demonstration on a specific topic and see the increasing scores after learning  through 

the correct instructions, while a class consisting of several small groups trying to 

predict the results of experiments, teachers observe and assess changes in student 

performance after instruction. 

2. Wright stated that in discussing the various approaches used by students for the 

assessment of chemical lab report delivered online through a virtual laboratory .The 

emphasis is centered on improving the feed back’s experience by using the assessment 

rubric. 

3. HOTS applications in the 21st century has been found in the many activity in chemistry 

laboratory. Mistry reveal the experiences when students are asked to design an 

experiment, students become more critical, including liquid-liquid extraction and find 

a suitable solvent for recrystallization. Hardy explained that not merely assessment of 

student performance, but colleagues also play an important role. Assessment by the 

peers also can motivate students to be mutual reflection. 

Garcia & Torregrosa (2015: 303) confirms that the main purpose of student 

centered learning is not just finding the right answer, but the way of teacher to investigate 

the process of scientific thinking of students and involve students in the discovery of 

scientific principles. Guided inquiry method tends to emphasize to the students to 

understand the concepts for themselves and a great responsibility for learning. Teachers 

only act as a catalyst, direct interaction in student learning activities, and discussion, not 

as the source of all information. 

The process involves students can be done in a way to motivate students to use 

technology in a meaningful learning. The e-learning models can be integrated into the 

curriculum of chemistry in order to visualize and connect the macroscopic aspects, 

submicrospic, and symbolically world. Furthermore, introduced the concept of blended 

learning that promotes chemistry’s curriculum, teaching techniques, assessment of student 

performances, and report  the feed back. Blended learning emphasizes a holistic manner, 

not just the acquisition of knowledge and skills, but also to enable students to become 

independent learners. 
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Chemistry flipped classroom is one of new method that have been  introduced by 

chemistry educators in teaching chemistry. Bergmann & Samm (2012) states that the 

flipped classroom chemistry can build new mindset, navigate the attention of the teacher 

and put attention on students in learning. This method of learning is done outside of school 

times (usually using video) that presents the subject content, while the system of face to 

face learning in the classroom is used only for discussion. Three things to note in chemistry 

flipped classroom such as prior knowledge is ripe to explore concepts, each student will 

do the very best work for every time in active learning, and enable continuous the learning 

path. Seery (2015) adds that flipped chemistry is integrated into the chemistry education 

in order to develop an active learning environment and improve student engagement in 

learning. 

The concept of  flipped chemistry classroom with the design of peer instruction 

has the main purpose, which is to help students to develop their prior knowledge, facilitate 

the involvement of students in terms of controlling themselves in accordance with the 

conditions studied (Ambrose et al., 2010 & Bransford et al., 2000), collect feed back the 

difficulties and misconceptions students, and help teachers to make decisions based on the 

data in order to improve learning in classroom. 

Sait (2015) explains that there are at least eight media that can be used by 

chemistry teachers in improving interactivity student learning, which includes periodic 

table apps, elemental, atoms in motion, 3D molecules: edit and test, ChemSpider, chairs 

conformation, chemist-virtual chem lab and Education in Chemistry apps that can be 

accessed and downloaded through android and iOS. This eight media is highly 

recommended to chemistry teachers to further enhance the concept of memorable learning 

and precise elaboration. 

CONCLUSION AND SUGGESTION 

Improving the quality of chemistry education can be realized with the efforts of 

teachers in learning activities, one of them can be realized by  the concept of meaningful 

learning. Student centered in chemistry learning is considered very suitable to be applied in the 

learning process of students with balancing the cognitive, psychomotor, and affective  

dimension. The urgency of chemistry teachers’ competencies  are required such as the ability 

to understand pedagogy and psychology of students, mastering the content of teaching, and are 

able to integrate ICT into the curriculum and chemistry learning will determine students’ 

competencies to be measured and achieved. The involvement of students in a variety of student 
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centered learning programs such as guided inquiry learning, e -learning, blended learning, 

flipped classroom chemistry and chemistry learning to use the application from android and 

IOS have been a part of researchers in the world to introduce the importance of understanding 

the nature of chemistry in daily lives. 
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Abstrak 

Science education in the 21st century has a greater challenge than previous centuries. The 

rapidly evolving science resulted in the advanced technology. The achievement of 

increasingly advanced technology, have a significant impact on the social life of the 

community. Various kinds of inventions that facilitate people's lives increasingly emerging. 

Technology increasingly sophisticated paper producer, Of course people feel happy because 

getting their needs, manufacturers will make a profit in abundance. But, what about the 

environment? Environments provide abundant raw materials for the industry, there are that 

renewable, some take a long time to be renewed, and those that can not be renewed. Science 

education is expected to provide insight for learners to be more wise in the use of technology. 

Science education based on SETS approach is the answer to the problems and challenges 

that exist in the 21st  century. Science education based on SETS approach is combines four 

main elements such as Science, Environment, Technology, and Society at one subject matter. 

 

Keyword: Education, Environment, Science, Society, Technology. 

 

INTRODUCTION 

Science education in the 21st  century has a greater challenge than previous 

centuries. Increasingly rapid technological advances taking an important role for science, for 

example, before the invention of the microscope, scientists could only examine the extent 

of biological morphology and anatomy of every living creature. But, after the invention of the 

first microscopes (1559) by Zacharias Janssen (Community, 2007), scientists have a new 
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perspective on science. They started to do a thorough research morphology, anatomy to 

physiology of each living species. 

Technology continues to develop in all fields, such as microscope technology. 

The development of the microscope technology starting from compound microscope, a 

microscope Galileo, Hook microscope, the microscope elektrom until the invention of the 

Atomic Powered Microscope (Atomic Force Microscope ) in 1986 (Community, 2007). At the 

begining, scientists could only see limited Allium ceppa cell wall , but along with the 

development of microscope technology, now scientists have been able to examine the dNA of 

Allium ceppa. 

The achievement of increasingly advanced technology, have a significant impact on 

the society social life. Nowadays people become addicted to gadgets such as handphone, 

powerbank, laptop, Internet, etc., the technology has become a necessity for the society 

lifestyle because they can facilitate human communication, facilitate their work, and they can 

find out information quickly. 

Advances in technology also have an impact on the advancement of science. Various 

kinds of inventions that facilitate people's lives increasingly emerging. Industrial world also 

take advantage of the public demand to acquire its own benefit. For example, the paper 

industry. Technology increasingly sophisticated paper producer is able to produce thousands 

of sheets of paper of various sizes in a short time. Of course people feel happy because getting 

their needs, manufacturers will make a profit in abundance. However, what about the 

enviromenmental impact? 

Nature and environment provide abundant raw materials for a wide range of products. 

Raw materials are sourced from nature are renewable, some take a long time to be renewed, 

and those that can not be renewed. Natural forced constantly to meet the needs of human 

life, especially the raw material of various kinds of products, resulting in the destruction of 

nature. natural resources (environment) as one of the elements that determine the economic 

development of the region, therefore natural resource (environment) management efforts 

should be made, because of the limited availability of natural resources (Solihin et al. 2007). 

Human needs is one of the reasons for manufacturers to continue to produce ready-

made goods that use natural resources (Diantaris, 2015). For example, in the paper industry 

requires wood as the main raw material, wood from trees is a natural resource that requires a 

long time to be renewed. If the paper industry greedy clearcut trees in the forest, the course 

will lead to environmental damage Science education is expected to provide a good 
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understanding and correct for learners to be more prudent in the use of technology, learn 

science, interact with each other, as well as to process and treat nature properly. Learning 

science based on SETS approach provide answers to all the above problems, because  this 

learning model is combines four main elements such as Science, Environment, Technology, 

and Society at one subject matter. 

 

DISCUSSION 

Sains education based on SETS approach 

Amirshokoohi (2010) states that teacher candidates are expected to raise issues related 

to the environment in the learning process of science, and should be able to relate it to 

advances in technology and human needs. Meanwhile Akcay, et al (2010) explains that the 

learning process based on science, environment, technology and society can enhance 

students' understanding of the use of science concepts they are learning to be applied to the 

student life activities. Based on that explanation, the learning of science that uses SETS 

approach is able to meet the needs of learners will be useful knowledge for their lives. 

Science education using SETS Approach that combines four essential elements for 

education in the 21st century, such as the Environment, Science, Technology, and social 

communities . This is consistent with the explanation Binadja (2005) which states that science 

education using SETS approach is an associate learning activities are reciprocal between the 

elements of science, environment, technology, and society in a material being taught. 

Permbelajaran SETS itself is a learning methodology that is productive for students because 

it can significantly increase student achievement (Yoruk et al. 2010) . 

According Binadja (1999) goals of science education using SETS approach that are, 

1) more emphasis to acquire learning and not teaching activities; 2) obtain encouragement and 

accept the initiative and autonomy; 3) pay attention to students as living beings who have the 

desire and purpose; 4) students gain more experience when learning takes place; 5 ) assistance 

to develop a curiosity of nature and all things; 6) education pay attention to the mental models 

learners; 7) emphasizes the need or importance of performance and understanding. Science 

education using SETS aprroach can be done by the method of discussion, observation, 

interviews, field trips, experiments, stories, problem solving, question and answer, 

brainstorming, etc. ( Binadja, 1999). 

The learning process of science using SETS approach begin by asking learners to 
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think about the possible repercussions that occur in the process of transferring science into a 

form of a particular technology, then ask them to explain the relationship between the concepts 

being studied by science, environment, technology, and social society. Next ask them to look 

for the benefit or disadvantage of using a technology by utilizing the science concepts being 

studied for the environment, society ( Binadja 2005-a). Furthermore Binadja (2005-a) 

describes a vision of education that use the sets of learners expected to be able to produce a 

product in the form of appropriate technologies that harness science for the benefit of society, 

economically valuable to society, but do not damage the environment. 

 

 

TECHNOLOGY 

Bioremidiation 

 

 

 

 SCIENCE            

Environmental Pollution 

 

 

 

 

Diagram 1: The linkage between elements in the material SETS Environmental Pollution, 

adopted from Binadja (2005-b) 

The diagram above shows the mutual relationship among the four elements. The 

diagram illustrates bioremediation technologies that can be used to  reduce environmental 

problems. Excessive use of pesticides that will have an impact on land degradation, it is 

necessary for bioremidiation technology to solve environmental problems. in addition to the 

use of pesticides, plastic waste also causes environmental damage, to the public are given an 

understanding of how to utilize plastic waste become economically valuable recyclables. 

Teaching and learning process in the matter of environmental pollution that provide 

insight for students to be able to prevent damage to the environment, knowing the 

technology 

SOCIETY 

Use of waste plastics to 

improve the local 

economy 

 

ENVIRONMENT 

Pesticide use Excessive 

impact on the land Demage 



 

251 

 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

resulting from that subject matter, students can also design a product recycling 

economically 

valuable. Accordingly Binadja (2005-b) reveal the advantages of science education that 

uses the approach sets, such as: 

a.   Experiences and learning activities of the students will always be relevant to the 

level of 

development of learners 

b.   Selected activities conformed to the wishes of learners 

c. Whole learning more meaningful for students so that learning outcomes will last a 

long time 

d.   Approach SETS cultivate the thinking skills of learners 

e. Presents a pragmatic activities that are appropriate to the problems often 

encountered in the environment of the learners 

 

The effectiveness of learning SETS 

Application of learning science by using SETS approach effectively increasing interest in 

learning (Fitniati, 2010), the curiosity of students (AJAP. Et al. 2013), the activities and the 

mastery of concepts (Nurkholis, 2011), and the achievement of learners (Hotimah, 2008; 

Mubarokah, 2009 ; Fitriany, et al. 2012; Minarti, et al. 2012; Mahardiani, et al. 2012; 

Rukhoyah,2012; handayani et al. 2014). Based on a wide variety of reports, science 

education that using SETS approach appropriately used for the learning process . 

 

CONCLUSION AND SUGGESTION 

Based on the discussions and explanations above, the environmental factor is one of 

the important factors of concern for education in the 21st  century. If the environment is 

ignored, excessive exploited to meet human needs using advances in technology and science, 

it will cause 

environmental damage. Environmental damage will have a significant impact to human life. 

Science education using SETS approach capable of providing an understanding for learners 

to be more wise in using technology, provide an understanding of learners to be able to make 

the product appropriate economic value for society based on science that they learned, so as 

to cultivate the environment wisely . 
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Abstract 

This research is aimed at analyzing the velocity of motion of an object with the aid of 

technology. By using the application videopad to develop an understanding of 

mechanical concepts, learners are given the opportunity to build on their own 

knowledge through real world experience. To this end, a physics learning medium, 

i.e., a mechanical toy car, was developed following the principle of utilizing elements 

from the environment as a primary learning resource. As a subject matter physics is 

characterized by both difficult as well as easy concepts, such that not all concepts can 

be understood by learners only by reading, listening or showing. This learning 

medium was used to measure the velocity of a moving object by manipulating the 

trajectory of the toy car. This toy car, which was made out of a recycled drinking 

bottle, uses a DVD motor as an engine with a battery as power source. The method 

used was to allow the car to move along the prepared track, accompanied by 

progressive changes in the mass of its load. The motion of the car was video-recorded 

in mp4 format, then analyzed using videopad to determine the time and the distance 

taken. This learning medium was also designed to be able to explain some physical 

concepts related to mechanics, including one-dimensional motion, circular motion, 

motion dynamics, energy and work, as well as momentum and impulse. 

 

Keyword: Mechanics, velocity, video pad, real world problem 

 

A. Introduction

Educational development today refers to the use of technology (computer/ software) as 

a tool in learning. Computers are used to analyze the data, eliciting stimuli for experimental 

subjects, deliver teaching programs, and a variety of other tasks. Technology has a relationship 

with the creation or engineering solutions for the natural and man in dealing with problems and 

challenges of the environment. This research utilizes software VideoPad as a form of 

technology to solve the problem of the motion of objects, in other words, technology and 

science cannot be separated. Putting science learning in a context of environment and people's 

lives are associated with the technology, will make science and technology more relevant to 

real life off all the students.  
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One of the goals of physics is to study the motion of objects, how fast the object is moving. 

Mechanical concepts describe the motion of objects. Studying the motion of objects means 

dealing with that part of mechanics which is kinematics. If this motion is related to the forces 

that cause it and to the properties of the moving object, then we are dealing with dynamics. 

The powered toy car that was developed takes advantage of the learner’s real world as a 

source of learning, and as such it is hoped that it can help the learner associate concepts in 

physics with daily experiences. Learning becomes more meaningful. 

An object’s motion is very closely related to the distance traveled, time of travel and 

velocity. In this research a toy car’s velocity of motion will be analyzed using the application 

videopad, which shows the distance traveled by the object and its time of travel, so that the 

velocity of the object may be obtained. 

 

B. Theoretical Review 

Real world problems is one of the alternative solutions which in this case is used as a 

way to introduce the students to the real problems in understanding the concept of physics. In 

addition, real-world problem is used as "proving" of the problems posed. In this research, 

students were directed to analyze the motion of objects with various dimensions of magnitudes 

related. To facilitate the learners are in a real world situation, the media is used in the form of 

a toy car engine. Learners are directed to solve problems and build knowledge (concept of 

physics) which can be found from experiments engined cars through assisted data analysis 

software videopad. 

In analyzing an object’s velocity of motion through the video pad application, it is hoped 

that many other physical concepts can be explained that are closely connected with mechanics, 

namely kinematics and dynamics. These powered toy car experiments were designed to explain 

some concepts in physics, among them being: 

a. Motion in one dimension  

Including distance, displacement, speed, velocity, linear motion, acceleration, uniform 

acceleration and deceleration. Distance and displacement are related physical quantities, and 

although they have the same dimension, each has a physical meaning that is different from the 

other. The same is true for speed and velocity. Through this toy car medium the velocity of an 

object will be analyzed with the following equations: 

 

Velocity equation: 
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Note: 

+    = acceleration 

- = deceleration 

b. Circular motion 

Every object in motion always has velocity, even though the velocities of each object 

may be different. This is true also for circular motion. Every object in circular motion has two 

velocities; that is, a linear velocity and an angular velocity. Each of these velocities is different, 

although they are both important in the process of circular motion. Concepts on circular motion 

will be analyzed through the motion of the toy car’s wheels. 

  Angular velocity equation: 

                              R

v


 

c. Motion Dynamics 

Motion dynamics describes the causes of an object’s motion. Sir Isaac Newton expressed 

his three laws of motion. In this experiment, Newton’s Second Law will be especially explained 

with the manipulation of the toy car’s mass load. 

Newton’s Second Law:  

                                     maF   

d. Work and Energy 

There are two special requirements regarding the definition of work in physics. First, the 

force applied to an object should cause the object to be displaced by a certain distance. Second, 

for a force to be able to apply work onto an object, that force must have a directional component 

that is parallel to the displacement. Through this toy car experiment, the relationship between 

work and change in kinetic energy will be explored. 

Work equation: 

FsW   
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Kinetic energy equation: 

2

2

1
mvEk   

e. Momentum dan Impulse 

Momentum and impulse comprise one of the concepts of physics that is closely related 

to everyday life.  The collision between two objects can be explained using the concept of 

momentum and impulse. Collisions between two objects may be categorized as perfectly 

elastic, partially elastic or inelastic. In these experiments, partially elastic collsions will be 

shown.  

Momentum equation: 

mvp   

The impulse that is applied to an object is equal to the change in momentum experienced by 

the object; that is, momentum is reduced.  

0mvmvpI t 
 

The videopad application used in this research is one example of utilizing technology in 

learning physics that can help analyze the velocity of an object in motion. Video pad was 

developed by NCH software and published on the 16th of  December 2006. This application 

has a capacity of 3.4 Mb with a type of video editing software and can be easily accessed 

through www.nchsoftware.com/videopad. 

 

C. Research Methodology 

1. Experimental Plan 

a. The powered toy car was designed for the purpose of explaining concepts of mechanics 

where its velocity is the measured variable. 

b. This powered toy car’s design principle is similar to the children’s toy car Tamiya, which 

uses a DVD motor as an engine. 

c. The toy car’s motion is recorded in mp4 format and then analyzed using the video pad 

application which will show the distance traveled and the time of travel.  
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Figure 1. A powered toy car 

 

 

Figure 2. A track for the toy car 

 

2. Instrumentation and Materials 

a. Recycled bottle 

b. Straw 

c. Bottle cap 

d. Sate stick 

e. Triplex 

f. Wooden Beam 

g. Nails 

h. Hammer 

i. Saw 

j. Ruler 

k. Scissors 

l. Cutter 

m. Alteco glue 

n. Double-sided 

tape 

o. DVD motor 

p. Battery 

q. Video Pad 

application 

 

3. Ways of procuring instruments and materials: 

a. Materials a to f can be obtained from the surrounding environment based on the principle 

of utilization of recyclables. 

b. Instruments g to l are tools that are often used in everyday life, so one may use those that 

are available at home 

Alteco glue, double-sided tape, DVD motor, and a battery may be purchased from a school and 

office supplies shop and an electronics store with the following price details:  
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Glue Rp 3.000,00 

Double-sided tape Rp 2.500,00 

DVD motor + cap Rp 5.500,00 

Battery Rp 9.100,00 

 

3. Variable Identification 

a. Independent Variables : Track-distance. 

b. Control Variables: Power source, mass of the toy car, wheels. 

c. Dependent Variables: The toy car’s velocity of motion 

 

1. Step Research 

a. Prepare tools and materials needed, as described above. 

b. Stringing tools and materials as shown in the picture both for toy car  and trajectory. 

c. Weigh the mass of the car. 

d. Measure the radius of the wheel. 

e. To determine the velocity of these car, is done by moving it to the track prepared; flat 

surface and an inclined plane to analyze the velocity of  linear motion and uniformly 

accelerated motion. Car’s massa and radius of the wheel is controlled variable. At the end 

of the track, the car can be left into a wall or barrier to the collision resilient portion. 

Movement of cars was recorded using the mp4 file format. Results recording was later 

included in the videopad application. Through this application can be observed how much 

time is required by the object to take a certain path length. To obtain more accurate 

observations, we can do it by cutting motion video toy car at certain moments desired. 

Based on the observed data, then we can analyze large velocity of the object.  

f. The next step is, the cars are added to the load with a certain mass. Through the analysis 

of the velocity of these cars can be obtained initial and final velovity ( tvv dan  0 ), angular 

velocity   , acceleration  a , force  F , work  W , kinetic energy  kE , and 

momentum  p . 

D. Result and Discussion 

1. Result  
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a) Data Result  

1) Linear Motion 

Based on experiment about linear motion, we have data: 

Mass of car ( m )  = 0.55 kg 

Radius of a wheel ( R ) = 0.015 m 

Time and track length can be shown by data in table 1. 

 

Table 1.  Observed Data of Linear Motion    

No t (s) x (m) 

1 1,000 0,119 

2 2,000 0,226 

3 3,000 0,311 

4 4,000 0,428 

5 5,000 0,561 

 

By using  the data from experiment, we can make a graph that represent the relation  of 

displacement and time: 

 

Displacement-Time Graph 

D
is

p
la

ce
m

en
t 

(m
) 

 

 Time (s) 

 

2) Slowed Uniform Accelerated Motion (Negative Acceleration) 
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Initial velocity or “first velocity” 0.111  0 v  m/s. 

Time and track length can be shown by data in Table 2. 

 

Table 2. 

Observed Data of Slowed Uniform Accelerated Motion (-) 

No t  (s) x  (m) 

1 1 0.100 

2 2 0.176 

3 3 0.230 

4 4 0.268 

5 5 0.292 

 

From data of experiment, we can make   a graph that represent the relation of displacement 

and time: 

 

Displacement-Time Graph 
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3) Accelerated Uniform Motion (Positive Acceleration) 

Initial velocity or “ first velocity” 0.111  0 v  m/s. 

Time and track length can be shown by data in table 3. 
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Table 3. 

Observed Data f  Accelerated Uniform Motion (Positive Acceleration) 

No t  (s) x  (m) 

1 1 0.123 

2 2 0.268 

3 3 0.435 

4 4 0.616 

5 5 0.855 

 

From data of experiment, we can make a graph that represent the relation of displacement and 

time: 

Displacement-Time Graph 

D
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(m
) 

 

 Time (s) 

b) Analysis 

1) Linear Motion 

Based on observed data ,the relation of variable in GLB can be shown as: 
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Table 4. Observed Data in Linier Motion 

No 
v 

(m/s) 
 (Rad/s) 

kE

(J) 

p

(kgm/s) 

1 0.119 7.933 0.389 0.065 

2 0.113 7.533 0.351 0.062 

3 0.104 6.911 0.296 0.057 

4 0.107 7.133 0.315 0.059 

5 0.112 7.480 0.346 0.062 

 

2) Slowed Uniform Accelerated Motion (Negative Acceleration) (-) 

Based on observed data on slowed uniform accelerated motion , the relation of variable can be 

shown as: 

Table 5. Observed Data in Slowed Uniform Accelerated Motion (-) 

No t  (s) x  (m) v (m/s) a (m/s2) 

1 1 0.100 0.089 -0.022 

2 2 0.176 0.066 -0.023 

3 3 0.230 0.042 -0.023 

4 4 0.268 0.023 -0.022 

5 5 0.292 0.004 -0.021 

3) Accelerated Uniform Motion (Positive Acceleration) (+) 

Based on observed data on accelerated uniform accelerated motion , the relation of variable 

can be shown as: 

 

Figure 3. Data Analysis Using VideoPad 
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Table 6. Observed Data in Accelerated Uniform Accelerated Motion (+) 

 

 

 

 

 

 

No 
t   

(s) 

x  

 (m) 

tv  

(m/s) 

v  

(m/s) 

 a  

(m/s2) 

  

(Rad/s) 

F  

(N) 

 W  

(J) 

kE  

(J) 

 p

(kgm/s) 

1 1 0.123 0.135 0.024 0.024 1.600 0.013 0.002 0.0002 0.0132 

2 2 0.268 0.157 0.046 0.023 3.067 0.013 0.003 0.0006 0.0253 

3 3 0.435 0.179 0.068 0.023 4.533 0.012 0.005 0.0013 0.0374 

4 4 0.616 0.197 0.086 0.022 5.733 0.012 0.007 0.0020 0.0473 

5 5 0.855 0.231 0.120 0.024 8.000 0.013 0.011 0.0040 0.0660 
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Abstract 

Education should not merely transfer the science but also build healthy 

behavior character. The era of globalization makes it easy to access information about 

sex that is obtained through the internet, electronic media, CD pieces and comics. 

Access from varies media is packaged in such a way so that the acts of sex are 

considered ordinary and pleasant. If it is allowed, the destruction of the nation's next 

generation will be getting worse. One of the way to  behave on this phenomenon is 

by providing sex education in schools through the learning biology on the material of  

reproductive system using STS. STS in the study of biology is a learning model that 

is associated to science, technology and social that gives meaning to biology as part 

of science that contains knowledge of the reproductive system that is closely related 

to sex education. The STS can provide the understanding of sex education early so it 

can be used as scrip in building individual character, social skills, establishing the 

values of self-reliance and responsibility, as well as the leader of the environment 

of the future. 

The methods of this research are literature studies by considerations or support 

from leaders/experts and supported by research results. The effort that can be achieved 

in the application of STS is that students will obtain sex education, prevention of sex 

begun from the environment for example school, parents and the community. 

 

Keywords: STS, biology learning, sex education 

 

INTRODUCTION  

Sex in Indonesian dictionary  means the different of male and female  gender. 

Rintyastini (2006:4) said that, “sex is everything related to gender, including intimate 

relationships between men and women”. So sex itself means anything relating to gender 

including intimate relationships. For Indonesia people, sex  feel taboo, especifically talking 

about sex with children. But in fact sex education is important to taught since an early age.  

Sex education for for early age is very important  (Susanto: 2015), which is one 

way to reduce or prevent the sexual abuse (Sarlito, 2004: 182), sex education also  more 

than just the study of human sexuality in biology or social, for the purpose of sex education 

including encouraging the sort of skills or prowess, attitudes, trends, behaviors and critical 

reflection on personal experience (J. Mark, 2006: 10). Therefore, a sex education needs to 

be given early and become the responsibility of all parties. 

 Sex education explicit does not exist yet, but sex education has been included in 
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several subjects, including biology, religion and Counseling. through the biology material 

of the reproductive system, a strategy that can be used one of them is a learning strategy of 

science, technology, and social. Through STS sex education can be given in the science, 

technology and social. 

DISCUSSION 

Today  have alot of  occur  sexual abuse, not only adult affict  but also children. 

Sexual abuse  all of  them  head  for  sexs behavior,  taken  unilaterally and not expected 

by the person who is the target, with the result that  negative reactions such as shame, anger, 

hatred, offense, to victims person  (Reviani et al: 2012). Because  today  easier  to get 

information  about sexs. One of the type sexual act of despisin that is sexual violence. 

Sexual violence is the practice of sexual intercourse which is carried out by means of brute 

force, contrary to the teachings and values of religion and violates applicable law 

(Nainggolan: 2008). Coordinator of the National Commission for child protection, Arist 

Merdeka Sitrait States 58% of violent crime on children is sexual violence followed by 

murder (Republika Online: 2015). The victim in this incident the girls or boys. Cases that 

occurr  because of the lack of  knowledge about the symptoms that  lead to acts of child 

sexual abuse, and lack of  parent  guidance  about security to keep personal area (Maslihah: 

2013). 

Knowledge of sexual abuse can be obtained from  be present  sex education. Sex 

education  in addition  to explain  about  these aspects but also explain the anatomical and 

biological  aspects  of  psychological  and  moral (Safita: 2013) This statement gives 

meaning that sex education is an approach  to teaching about sexual problems  in order to 

avoid abuse of the sexual. Sex education goes gradually in accordance with the child's 

development. The purpose of sex education given at an early age among others, provide 

lessons about gender roles, especially on topics such biological pregnancy, menstruation, 

puberty, etc. Give to comprehension about attitudes and interactive manner with the 

opposite gender. To prevent the occurrence of  sexual perversion, able to distinguish 

between forms of abuse or sexual violence and what is not, a deterrent so that children do 

not become victims or perpetrators of harassment or sexual violence, and cultivate an 

attitude of daring to report the event or become victims of sexual violence (Choirudin: 

2014). 

Sex education in Indonesia has not become a subject but to seek government 

schools in the subjects of biology on the subjects of the reproductive system. Knowledge 

of the reproductive system began to come from elementary and junior high school in 

science subjects. Discussion of the reproductive system in humans in the school curriculum 
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in 2013 discussed in class XI. Material reproductive system include among others; Core 

competencies 3. Understand, implement, and analyze knowledge of factual, conceptual, 

procedural, and metacognitive based on curiosity about science, technology, arts, culture, 

and humanities with human insight, national, state, and civilization-related causes of 

phenomena and events and applying procedural knowledge in a specific field of study 

according to their talents and interests to solve problems. Basic Competence 4:13 

Presenting the results of the analysis of abnormalities in the structure and function of organs 

that cause human reproductive system disorders through various forms of media 

presentation .. In the learning material presented syllabus consists of the structure and 

function of cells in the reproductive system in men and women, the process of formation 

sex cells, ovulation and menstruation, fertilization, gestation and birth, breastfeeding, 

family planning, disorder / disease that occurs. Teachers should discuss this matter with 

cargo entering character education and the effects of sexual harassment and sexual violence 

so as to avoid sexual deviance behavior (Rahmawati: 2013). 

In accordance with the increasingly rapid globalization it should support the 

learning strategies in the classroom. STS is an approach movement for change in education 

that can develop the relationship between science, technologi and society in learning. This 

approach always institute  to environmental conditions or  facts  and  using the environment  

as a source of learning. STS approach is conceptually based on three things, namely the 

relationship between science, technology, and society. By paying attention to these 

linkages, the learning process can be more meaningful biological and instill the concepts 

of biology taught much easier. STS is one way to assist students in identifying the issues 

and problems of science and technology that are relevant in the daily life of society. 

STS in biology learning on the reproductive system as a matter of sex education 

early age 21st century generation of this approach in teaching biology meant that concepts 

in learning can support the formation of knowledge, attitudes, and skills to what is learned 

(Aprilia: 2014). STS applied in biology learning linking science, technology and social that 

contains knowledge about the reproductive system that berkaitkan closely with sex 

education. Linking science learning biology in which biology is one of the subjects 

including science clump. Biology is one of the subjects in which there are materials 

reproductive system. Technology that can not be separated from the 21st century to be a 

medium in teaching biology at the material reproductive system so petrified berlangusng 

learning. While society linking the environment directly with the facts and issues regarding 

sexual abuse, so the impact on the environment which arise can be a lesson to it can also 

learn the cause and how to avoid them from sexual abuse. 
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Discussion of sex education is meant is to include information on the impact that 

occurs in sexual abuse and how to avoid them. Below are given some examples of 

applicable from the integration of sex education in the teaching of biology in the material 

reproduction according Rahmawati (2013: 6) put forward (1) the teacher explains how the 

development of sexuality in adolescence (2) the teacher explains how to keep keseharan 

reproductive organs (3) sex education was very spacious, not only about issues of sex and 

sexual intercourse. But in it there is the development of the entire human body, human 

relations (among family, friends, boyfriends and marriage), personal abilities (including 

about values, communication, negotiation and decision-making); sexual behavior, sexual 

health (including contraception, prevention of Sexually Transmitted Infections (STI), 

HIV/AIDS, abortion and sexual violence), and culture and society (on gender, sexuality 

and religion). 

Efforts that can be achieved in the implementation of TSTS is that students will 

get sex education, prevention of sexual starts from the environment such as schools, parents 

and the community and the STS can provide insight into early sex education so that it can 

be used as a stepping-stone to build individual character, social skills, shaping the values 

of independence and responsibility, as well as leaders of the future. 

CONCLUSION AND SUGGESTION 

CONCLUSION 

STS is an approach that deals with science social technologies that need to be 

considered by all elements of both the parents, teachers and the community in providing 

an understanding of child related to early sex. Schools also have a very important role for 

students, providing an understanding of early sex through the eyes of biology at the 

material reproductive system, so that students understand and be able to establish 

themselves and become a person who fully in keeping itself. Sex education in biology 

learning needs to be improved, in terms not only learning but the nature of the learning that 

must be understood. The reproductive system is a matter of biology that studies the rules 

and reproductive functions in humans, the students know the reproductive system and by 

the STS approach can shape a generation of anti promiscuity.  

SUGGESTION 

Sex education is not a taboo anymore when this question in the catapult. But 

already we teach sex education to children from an early age, and started from the family, 

and dibaringi with existing learning in school and in the world community 

pengablikasiannya, thus children understand and do not abuse the things that adversely 
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affect him. Childhood is the golden age, this period children malleable and time it was also 

active children asked, the role of parents in membimbingan children sex education is very 

important, school teachers play an active role in learning to sex education, especially taught 

on subjects biology, when both these provisions has been established that when the children 

are in society, children are more responsive and sensitive to the events occurring around 

him. We are very instrumental in shaping the generation became the generation virtuous, 

faithful and devoted, the destruction of a State dikarnakan destruction of a generation, 

therefore let bagun solidarity so that we avoid the generation of free sex.  
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Abstract 

The aims of this research are to develop and implement biology learning materials based 

on metacognitive strategy. The learning material were develop by using 4-D model. This 

research involved two classes: X-1 and X -2 of SMAN 1 Driyorejo, and students as the 

subjects of this research. Validating, documentation, observing, and giving questionnaire 

were implemented to collect variety information during implementation of the learning 

materials. The findings of this my research showed that the learning material are valid, 

practical, and effective in empowering students both in honesty and learning outcomes. 

There were several obstacles occurred during the implementation of the learning 

materials. Students were confused of new task and the strategy, also they were not familiar 

to correct theirselves and admit their  mistakes. Alternative solution were given by 

providing guidance and information to students about learning using metacognitive 

strategy, so that students are expected to be easier to follow the learning and by awaring 

students about  meaning of honesty and creating analogies that are easy to understand by 

students. 

  

Keyword: learning material, metacognitive, honesty 

 

 

INTRODUCTION 

Honest is the behavior that is based on an attempt to make himself as a person who 

always trustworthy in word, action, and jobs. Honesty will be reflected on the behavior 

followed by a straight heart (sincerely), speaking in accordance with reality, to live up to 

the evidence and truth. Honesty is one element of spiritual power, noble character, and 

personality (Emosda, 2013). The main purpose of an education construct honesty, because 

honesty is the basic capital in the common life and key to success (Nindiasari, 2011). 

Based on observations conducted by researchers (2013) students who did not study 

before the test or studied when there will be a test course, will feel not ready to give the 

correct answer. Results of learning observation (November-December 2014) reinforces is 

the statement. Dishonesty students could be seen at the time of collecting papers, students 

copying other people's work without mentioning the source, during the test many students 

are still who cheat friend bench, or see the answers in a book that he owned, and less able 

to admit mistakes and shortcomings owned. It is an indicator of the honesty of students is 
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still low. Therefore, honesty is very important for implanted and trained continuously 

started from an early age appropriate curriculum in 2013 (Kemendikbud, 2013). 

On of the approaches that can practice students honesty, is the metacognitive 

approach. The metacognitive approach make learning based on metacognitive grow honest 

attitude (Susantini, 2009a). Metacognitive learning is useful for students. Because 

metacognitive can significantly improve learning outcomes and develop the good character, 

such as honesty, brave to admit mistakes, and can appraise yourself (Susantini, 2009b). 

Students who use metacognitive skills have a better achievement than students who do not 

use metacognitive skills. This will be realizable, if students are able to think about the 

process of thinking that has been held, to identify good learning strategies and their 

attention to learning consciously (Ho and Kelly, 2010). Based on the background of the 

problems that occur, the researchers intend to develop a learning device that is expected to 

practice honesty students. 

 

RESEARCH METHOD 

The developed learning material include: 1) Lesson Plan (RPP); 2) Understanding 

Self- Assessment Form (LPPD); 3) Textbook for Student (BAS); 4) Assessment of learning 

outcomes instrument. The learning materials was develop used 4-D model (Thiagarajan 

and Semmel, 1974). Definition and design stage was conducted in September to February 

in Post Graduate Science Education, Unesa. The development stage through trial was 

conducted in class X-1 and    X-2 SMAN 1 Gresik Driyorejo, semester 2014/2015. 

Research subjects were 72 students of class X-I and X-2. 

The variables associated with this study were: 1) the learning material based on 

metacognitive; 2) the validity of the learning material; 3) the practicality of learning 

materials, include: a) implementation of Lesson Plan, b) the activities of the students; and 

4) the effectiveness of the learning material, include: a) an increase of learning outcomes, 

b) completeness honesty of students, and c) students response. The research instrument that 

was used is the validation sheet, RPP implementation of the observation sheet, student 

activity observation sheet, student attitude observation sheet, and the student questionnaire 

responses. Validating, documentation, observing, and giving questionaire were 

implemented to collect variety of information during implementation of the learning 

materials. Data were analyzed using descriptive quantitative and qualitative. 

 

RESULT AND DISCUSSION 
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Results of the validation of developed learning material, include: 1) Lesson Plan 

(RPP) got score 3.61 (the category of very valid); 2) Understanding Self-Assessment Form 

(LPPD) got score 3.64 (the category of very valid); 3) Textbook for Student (BAS) got 

score 3.54 (the category of very valid); 4) Assessment of learning outcomes instrument, 

such as: the knowledge test instruments got score 3.9 (the category of very valid) and test 

instruments of reflective thinking skills students got score 3.86 (the category of very valid). 

The results showed that the Lesson Plan, Understanding Self-Assessment form, Textbook 

for student, and learning outcomes assessment instruments were very valid to be used as a 

guide for students and teachers in the learning process after being revised based on advice 

of the validators. 

The validity of a learning material in its development was based on some analysis, 

include: 1) analysis of the curriculum, which refered to: a) the core competencies, b) basic 

competence, c) indicators, and d) the formulation of learning objectives so was adjusted to 

the content of the curriculum in 2013; 2) The analysis of students examined the 

characteristics of students (such as age, level of maturity, ability, background of 

knowledge, and level of cognitive development of students; 3) analysis of the task and the 

concept of matter; 4) analysis of the objectives that want to be achieved, which refered to: 

metacognitive strategies.  

Implementation of learning material was observed by two observers. There were 

three activities in the Lesson Plan, namely preliminary, core, and closure activities. The 

stages was succesfully carried out and the percentage of the overall feasibility of the two 

classes Lesson Plan is 91.25 % with a very good category (Ratumanan & Laurens, 2011) 

(Figure 1). 

 

Figure 1. The overall results of implementation of lesson plan on trial in class X-1 and X-

2  
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The high average score with excellent category was caused by all the learning stages 

implemented and some other things that supported, as follow: First, the teacher asked 

student into to pray to construct awareness and a sense of gratitude as a form of expression 

of admiration for the greatness of the God before learning began, attracted the attention of 

students with focuser, motivated students with submission of authentic problems 

ecosystems, explained the purpose of learning. This indicated that teachers successfully 

guided students to prepare, focus, and actively participate in learning. 

Motivation encourages and promotes students to imitate the model and attract the 

attention of students so that students feel that it is important to learn (Barakatu, 2007). This 

is in accordance with the invention of learning theory by Bruner. It suggests that students 

should learn through active participation in acquiring the experience of learning (Slavin, 

2009). 

Second, on the core activity,  teachers can carry out the phases of metacognitive-

based learning, as students work Understanding Self-Assessment Form independently, 

which serves to determine the level of confidence, then students working on Understanding 

Self-Assessment Form, cooperatively in order to compare the prior concept to a new 

concept obtained from the discussions student books, presentivy the results of focus group 

discussions in class, making inferences, carrying out self-assessment. 

Third, the teacher guide to summarize the learning materials. Students posed an 

opinions about the concept acquired and teachers facilitated and mediate in order to create 

networks of knowledge appropriating learning objectives. In this way it could help students 

to put the new acquired concepts into long-term memory. Nur (2005) stated that the way to 

save the concepts  in the long-term memory to using  repetition or coding. 

Fourth, the teacher could manage time well. This indicats that it occured significant 

increase of the aspect of the classroom condition aspect during learning in accordance with 

the used lesson plan. It was confirmed from the results of direct observation during the 

implementation of learning and student questionnaire responses that students was happy 

because they fell more actively for obtaining  a meaningful concept. Dewey described 

learning as something that was done by someone and considers that the experience and 

investigations are essential in meaningful learning (In'am, 2012; Martinez, 2006). 

The observation result of student (Figure 2) explained that the positive activity 

consistently increased each meeting. In'am (2012) and Susantini (2009a) state that 

metacognitive learning strategies is used by teachers are able to force students to be more 

active during learning activities, students are taught to ask themselves, instilling the basic 

of scientific thinking on students so that students can learn think about the thinking 
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processes of their own. 

 

 

 

 

 

 

 

Figure 2. The observation of student activity on trial in class X-1 and X-2 overall 

Description: 

CO 1: Listening/paying attention to the teacher explanation/other students; CO 2: 

Working in Understanding Self-Assessment Form; CO 3: Reading Understanding Self-

Assessment Form /teaching materials; CO 4: Discussing the task; CO 5: Taking notes ; CO 

6: Making a report of the result of research; CO 7: Presenting the results of the group; CO 

8: Posing an idea/opinion; CO 9: Asking; CO 10: Answering  and responding questions; 

CO 11: Self Reflection; CO 12: Summarizing learning materials; CO 13: Behavior that is 

not relevant to the teaching-learning process. (CO: Category Observations) 

Student during discussing task were conditioned to feel challenged and motivated to 

solve existing problems in Understanding Self-Assessment Form. Biggs et. al (1997) 

suggest Understanding Self-Assessment Form can trigger the students' prior knowledge, 

identify misconceptions, give students the opportunity to explore material. This condition 

can train students to be honest in their work, aware to the error theirself, and express 

opinions. 

Making  reports activity, presenting the results of the group discussion, and 

expressing their opinion increased. This was because the observer saw the dominant 

activity in learning processes based on metacognitive was discussing in the task to obtain 

the answer from question. 

Activity of asking teacher, finishing task; and performing activities that were not 

relevant from the first until the third meeting decreased significantly. The role of the teacher 

in this metacognitive learning became the facilitator and guided students who were still 

getting difficulties in the investigation and the completion of the task. Blakey and Spence 

(1990) stated in metacognitive based learning teacher is a facilitator in developing the 

students metacognition through learning activities, through helping and developing 

students in terms of implementing learning strategies, good habits, as well as metacognitive 

behavior. 
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Activities of working Understanding Self-Assessment Form then discussing the task 

indicate that metacognitive learning could stimulate students to optimize the minds of 

students to regulate themselves by doing the plan, directing, and evaluating on the hand 

book. Looking at the results of tests, students who were less active during the learning 

process to get a good achievement (B-, B, and B +).  

Pilot project learning material development could consistently improve learning 

outcomes, especially knowledge aspects of student, with average n-gain of class X-1 and 

X-2 was 0.87 and 0.88 respectively categorized the high category (Hake, 1999) and the 

students met learning mastery requirement average scores were 96.94% for class X-1 and 

95.56% for class X-2 (Gronlund & Linn, 1995). 

The student learning mastery showed that students have mastered concepts that have 

been taught, including subchapters of definition, component, and the types of ecosystems; 

food chains and food webs; as well as the biogeochemical cycle and succession. Test for 

knowledge aspect contained 13 indicators of learning, which divided into 10 items for 

multiple choice questions and 15 questions in essay form the new Bloom's taxonomy 

(revised by Anderson & Krathwoll  was used to level the questions objectives (C1 

(remember) to C6 (create)). 

The findings of the pilot project did not only improve learning outcomes aspects of 

cognitive, but also attitude of honesty student. Attitude of student honesty characterized by 

indicators: 1) does not cheat in doing the test, 2) do not plagiarism (taking/copying other 

people's work without mentioning a source in finishing each task), 3) expressioning of 

something is appropiate the facts, 4) reporting items found , 5) reporting the data or 

information is appropiate the facts, 6) admit mistakes or shortcomings owned. Honesty of 

students on average of 72 students were observed for implementing learning metacognitive 

strategies was 98.22% for X-1 and 97.67% for X-2 during the three meetings with the 

excellent category (Kemendikbud, 2013). 

Improved attitude of honesty of students at each meeting can be concluded that 

learning to use metacognitive strategy can practice honesty of students. This indicates that 

using metacognitive strategy students can be more honest in our words, actions, and work, 

although there are some students who are not honest because nature and habits the students 

who have not been able to do honest in our words, actions, and work. Attitude dishonesty 

two students in class X-1 and one student in class X-2 showed relationship between 

observations of student attitudes (Table 1) and recapitulation of student honesty 

questionnaire (Figure 3). 

Table 1. Percentage of honesty attitude of students to each meeting of the observations 
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Class 
Percentage of Honesty Attitude of Students (%) 

1st Meeting 2nd Meeting 3rd Meeting 

X-1 75 81,25 91,67 

X-2 75 84,72 98,61 

Recapitulation of honesty questionnaire (Figure 3) showed the percentage of 

completeness honesty of students between 98.22% for X-1 and 97.67% for X-2 (very good 

category), if it was seen from overall indicators of honesty character. In particular, 

indicators 1 some students feel was still cheated jobs friend, indicator 2 some students feel 

was still taking/ copying other people's work without mentioning source in finishing each 

task, indicator 5 some students feel have not been able to report data appropiate the fact 

(still there is element of manipulating data), and indicators 6 some students still could not 

admit mistakes and shortcomings owned. 

 

Figure 3. Percentage of completeness honesty of students between classes X-1 and X-2 

was seen from overall indicators of honesty character 

Based on observations of honesty attitude students during the learning (Table 1) 

classified as developing, although not all students thrive because only limited 3 meetings. 

Metacognitive strategy is a strategy that can help students aware the mistake and fix it with 

asking questions to yourself (Peirce, 2003). Awareness misconceptions so unwilling to 

admit mistakes is one of the indicators of honesty. 

Honesty can indicate how these students organized cognitive processes through 

empowering metacognitive skills. This statement is reinforced by the results of research 

Susantini (2004) that the benefits of metacognitive strategy in line with Curriculum 2013 

on Core Competence/Basic Competence on aspects of social attitudes which can foster the 

attitude of honest and brave to admit mistakes. The data of research and the findings to 

some sources, it can be stated the biology learning material based on metacognitive strategy 

that developed can practice or empower honest attitude. This statement is also strengthened 

by the analysis of student’s responses towards the use of learning package and instructional 

strategy of metacognitive (Figure 4). 
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Figure 4. The results of the data analysis on the student responses on trial in class  X-1 and 

X-2  

The Figure 4. describes the positive response of students from class X-1 and X-2 

during the implementation of both learning package and instructional metacognitive 

strategy; each of which is 98.52% and 99.23% respectively. In overall trend, as much as 

98.87 % of students from both classes classified the aforementioned strategy and the 

learning package as very well done.  

The aspects found in student’s responses have high percentage are: 1) a new 

character; 2) learning biology through this way makes students feel enthusiastic, happy, 

interested, and motivated to follow the path of the material being studied; 3) Such a learning 

biology makes students understand the material with easy; 4) I look back on my prior 

concept of understanding self- assessment form before determining “whether my initial 

concept is different with a new concept I have just learned”; 5) I can identify what has been 

learned, what has yet to master, and further self-development plan based on the learning 

needs that have been identified.  

The data of analysis of student’s responses also mentions that there were some 

students incapable of sustaining their attention in long term. The possibility of it was 

influenced by external factors such as environmental disturbance inside and outside the 

classroom. Alternative of solution is given such an environment, several ways can be 

employed as follows: 1) Designing physical infrastructure for learning, especially the 

classroom itself; 2) managing a positive classroom environment. According to Everston et 

al. as cited (in Santrock, 2011), there are four principles that can be used in managing the 

class, including: a) reducing the density in the passing (make accessible to students), b) 

ensuring that teachers can easily see all the children, c) teaching materials and equipment 

must be easily accessible to children, d) ensuring that students can easily see all the class 

presentation. 

The analysis of students response towards the development and implementation of 

learning material showed positive responses. This result was consistent with the results of 

Yasir (2013); In'am, (2012); Susantini (2009a and 2009b); Indana (2009); Paris and King 

in Slavin (2009); and Corebima et al. (2006), which stated that the use of metacognitive 
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strategies to increase cognitive, metacognitive, and thinking skills achieve positive 

response from students. 

There were several obstacles occurred during implementation of the learning 

materials. Students were confused to the new task and strategy, and they were not 

accustomed to correcting and admitting mistakes themselves. Alternative solution offered 

are given: 1) to providing guidance and information to students about how to use 

metacognitive strategy so that they are able follow learning process with easy, 2) 

constructing students aware about  meaning of honesty and was awareness providing aceess 

analogies that  are easy to understand by the students. 

 

CONCLUSION AND SUGGESTION 

 

Conclusion 

Based on the analysis and discussion, the conclusion can be made that the Biology 

learning material based on metacognitive has already been valid, practical, and effective to 

empowering student in honesty. 

 

Suggestion 

Some suggestions can be put forward by the researchers based on the results of 

research that researchers need to illustrate clearly to students and teachers about learning 

based on metacognitive; introduction to the beginning of thinking skills that will be drilled 

could be done at a specific time, so that during the learning process of students hadn’t 

trouble completing Understanding Self-Assessment Form and conduct an investigation; 

other researchers need to create a conducive learning environment to support learning 

activities so that other researchers are expected to appear in ways that can increase student 

attention, besides focuser (Class-Yess, Teach Ok); other researchers need to provide more 

guidance and emphasizing self-correction of students to train students think reflectively 

and students are expected to recognize one's own faults, weaknesses and deficiencies that 

can train students assess themselves (self assessment); it should be further research on the 

biology of other material and with the development of the attitude of other students. 
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Abstract 

This paper aims to describe the effect of connected, sequenced and webbed model in 

science learning to understanding concept, motivation to learn and generic skills. 

Connected model focus on making connection one topic to the next, one concept to 

another and a skill to related skill. Connecting concept of the science learning can enhance 

generic skills students. Sequenced of topics, chapter and unit can dictate the curricula 

priority. Teacher can make the critical decision about content of science priority to 

improve the understanding concepts. Webbed represent the thematic approach to 

integrating several disciplines in science. An advantage of the webbed is the motivational 

factor that results from selecting high-interest themes.  

 

Keywords: connected, sequenced, webbed, understanding concept, motivation and 

generic skills 

 

INTRODUCTION 

Defining and identifying 21st century skills is now a big role for commercial and 

educational organizations. Core subject knowledge, learning and innovation skills, 

information, media, and technology skills, life and career skills, adaptability, complex 

communication/social skills, problem solving, self-management/self-development, and 

systems thinking are but a few of skills that need to mastered. (Binggeli, 2011). 

Curriculum of educational geared to provide skills and expertise to survive in 

conditions that are filled with various changes, competition , uncertainty, and complexity 

of life. Curriculum structured to deliver graduates who are competent, intelligent in 

building social integrity , and to realize national character (Depdiknas, 2006: 1). 

Skills and life skills necessary to be imparted to the students from the beginning to 

follow the educational process so that they are familiar with it. The more often the teacher 

teach life skills and expertise in the learning process , the students will be more skilled to 

use it. The learning process of this kind is expected to give birth to graduates who are 

competent and ready to compete in a variety of conditions. Skills and life skills in question 

are generic skills ( Yeung, Ng & Liu, 2007) required in obtaining employment, career 

development and continuing education to a higher level. 

The learning process is generally still oriented toward mastery of concepts that 
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students are less motivated. Students assume that the concepts taught not to be used when 

searching for a job after graduation. Integration of generic skills when teaching a concept 

is expected to motivate the students to follow the learning process. The concepts taught in 

school may only be used by a minority of students, but the generic skills acquired while 

studying the concepts in the classroom can be used by all students for jobs after graduation. 

Therefore , we need a learning model that combines generic skills with a mastery of 

concepts as well as to motivate the students to follow the learning process. 

Integrated learning model is one model of curriculum implementation are 

recommended to be applied to the junior high school education. The learning model is 

essentially a learning approach that allows students either individually or in groups actively 

seek, explore, and discover concepts and principles in a holistic and authentic. 

There are ten ways or models in an integrated learning plan: (1) Fragmented, (2) 

Connected, (3) Nested, (4) Sequenced, (5) Shared, (6) Webbed, (7) Threaded, (8) Integrated 

(9) Immersed and (10) Networked (Fogarty, 1991). Three models with the potential to be 

applied in an integrated science teaching: connected, sequenced and webbed. This model 

relate to characteristics concept science, motivation to learn and generic skill. 

 

DISCUSSION 

Dimensions of science that should be evident in science instruction, a way of 

thinking, a way of investigating, a body of knowledge and interaction with technology and 

society.  Science as a of thinking including beliefs, curiosity, imagination, reasoning, cause-

and-effect relationships, self-examination and skepticism, objectivity and open-

mindedness. Science as way of investigating including observing, collecting data, 

developing a hypothesis, experimenting and  concluding. Sciences as a body of knowledge  

including of facts, concepts, principles, laws, theories and models (Chiapetta & Koballa, 

2010).  

Science is an organized body of knowledge about nature. It is the product of 

observations, common sense, rational thinking, and (sometimes) brilliant insights. Science 

covers the field of study of physics, chemistry, biology, earth and astronomy (Hewitt, 2007: 

1). Science is a way of learning about our physical universe. Science including physics, 

chemistry, astronomy, geology, and biology as well as the study of applied science which 

include technology, health and environment (Trefil & Hazen, 2010: 20). 

Science education should foster deep content knowledge through active intellectual 

engagement emulating disciplinary practices and thinking; 21st-century skills focus on 

developing broadly applicable capacities, habits of mind, and preparing knowledge 
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workers for a new economy (Windschitl, 2009). Teaching science is not just about teaching 

a body of facts, skill and processes but must also be about teaching the next generation to 

think about and reflect of the impact that science has on our lives, our work and our society 

(Buxton & Provenzo, 2011). 

 

Integration Model of Learning 

Jacobs (1989 ) suggests integration curriculum for content design: discipline based, 

parallel discipline, multidisciplinary, interdisciplinary units/courses, integrated day and 

complete program as presented in Figure 1.  

 

Figure 1: Continuum of Options for Content Design (Jacobs, 1989 ) 

The discipline-based content design option focuses on a strict interpretation of the 

disciplines with separate subjects in separate time blocks during the school day. No attempt 

for integration is made, in fact, it is avoided. Traditional approaches to subjects such as 

language arts, mathematics, science, social studies and art are the usual fare. When the 

curriculum is designed in a parallel fashion, teachers sequence their lessons to correspond 

to lessons in the same area in other disciplines The goal is a simultaneous effect as students 

relate the studies in one subject with the others. Teachers working in a parallel fashion are 

not deliberately connecting curriculum across fields of knowledge. The complementary 

option suggests that certain related disciplines be brought together in a formal unit to 

investigate a theme or issue.  

 

In Interdisciplinary design, periodic units or courses of study deliberately bring 

together the full range of disciplines in the school’s curriculum. The main point is that the 

designers attempt to use a full array of discipline-based perspectives. The units are of 

specific duration: a few days, a few weeks, or a semester. Integrated day is a full-day 

program based primarily on themes and problems emerging from the child’s world. 

Complete program is the most extreme form of interdisciplinary work. Students live in the 

school environment and create the curriculum out of their day-to-day lives. 

Drake & Burns (2004 : 8-13) suggests three models of integration in the learning, 

multidisciplinary integration, interdisciplinary integration and transdisciplinary 
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integration. Multidisciplinary approaches focus primarily on the disciplines. Teachers who 

use this approach organize standards from the disciplines around a theme. There are many 

different ways to create multidisciplinary curriculum, and they tend to differ in the level of 

intensity of the integration effort. Multidisciplinary integration consists of interdisciplinary 

approach, fusion, service learning, learning centers/parallel disciplines and theme-based 

units. In interdisciplinary integration, teachers organize the curriculum around common 

learning across disciplines. They chunk together the common learning embedded in the 

disciplines to emphasize interdisciplinary skills and concepts. The disciplines are 

identifiable, but they assume less importance than in the multidisciplinary approach. In the 

transdisciplinary approach to integration, teachers organize curriculum around student 

questions and concerns. Students develop life skills as they apply interdisciplinary and 

disciplinary skills in a real-life context. Two routes lead to transdisciplinary integration: 

project-based learning and negotiating the curriculum. 

A teacher can easily work with the 10 models (Fogarty, 1991) over time to develop 

an integrated curriculum throughout the school. Beginning with an exploration within 

single disciplines (the fragmented, connected, and nested models), and continuing with 

models that integrate across several disciplines (the sequenced, shared, webbed, threaded, 

and integrated models), the continuum ends with models that operate within learners 

themselves (the immersed model) and finally a cross networks of learners (the networked 

model). 

 

 

Figure 2. Integrate the curriculum (Fogarty, 1991) 

The connected model of the integrated curriculum is the view through an opera glass, 

providing a close up of the details, subtleties, and interconnections within one discipline. 

While die disciplines remain separate, this model focuses on making explicit connections 

within each subject area connecting one topic, one skill, one concept to the next; connecting 

one day's work, or even one semester's ideas, to the next. The key to this model is the 

deliberate effort to relate ideas within the discipline, rather than assuming that students will 

automatically understand the connections. In middle or secondary school, for example, the 
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earth science teacher could relate the geology unit to die astronomy unit by emphasizing 

the evolutionary nature of each. This similarity between the two units men becomes an 

organizer for students as they work through both. Teachers help students make connections 

by explicitly making links between subject areas. 

The sequenced model views the curriculum through eyeglasses: the lenses are 

separate but connected by a common frame. Although topics or units are taught separately, 

they are rearranged and sequenced to provide a broad framework for related concepts. 

Teachers can arrange topics so that similar units coincide. In the self-contained classroom, 

for example, can accompany the unit on spiders. Exponential number in match can parallel 

the Lorentz Force of science. Following the sequence of the textbook may work well in 

some cases, but it might make more sense to rearrange the sequence of units in other cases. 

The new sequence may be more logical if it parallels the presentation of other content 

across disciplines. 

The webbed model of integration views the curriculum through a telescope, 

capturing an entire constellation of disciplines at once. Webbed curriculums usually use a 

fertile theme to integrate subject matter, such as Inventions. Once a cross-departmental 

team has chosen a theme, the members use it as cross-disciplinary units of study, one can 

also use a book or a genre of books as the topic, to organize the curriculum thematically. In 

departmentalized situations, the webbed curricular approach to integration is often 

achieved through the use of a generic but fertile theme such as Patterns. This conceptual 

theme pro vides rich possibilities for the various disciplines. While similar conceptual 

themes such as Patterns provide fertile ground for. 

 

Understanding Concept and The Sequenced Model 

Concept is a category classifying objects, events and characteristics based on the 

same form (Santrock : 2009, 3 ). Concept is an abstract idea which the general of fact or 

specific experience (Martin et al, 2005: 22 ). A concept is an abstraction of the events , 

objects or phenomena that seem to have certain particular properties or attributes in 

common. According to Bruner, Goodnow and Austin, a concept has five important 

elements that: name, definition, attributes ,values and examples (Chiapetta & Koballa, 

2010: 113). There are six stages to generalize and separate concepts: (a) name the concept, 

(b) defines the concept, (c) mention the relevant properties, (d) states the nature of which 

is not relevant, (e) mentioned example and (f) mentions that not an example ( Schunk , 

2012: 414 ). 

Herron et al characterized the abstract nature of concept and their attributes trough 
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the notion of perceptibility. They described three classes of sciences concepts: (1) concepts 

with perceptibility instance and perceptibility attributes, (2) concept with perceptibility 

instance but with no perceptibility attributes and (3) concept with no perceptibility instance 

but with and no perceptibility attributes (Collette & Chiapetta, 1994: 65). 

Understanding concept of science is the ability to mastery of the abstraction of an 

object or event (event) of natural science learning through the names, attributes (symbols 

and units), definitions and examples as measured by achievement test and refers to the basic 

competencies specified in the curriculum. The sequenced model integrated in the field of 

science studies in parallel. Learning material presented in accordance with the order of the 

field of study in the curriculum. The main areas of study can be prioritized to improve the 

understanding concepts. 

 

Motivation and The Webbed Model 

Motivation is strength (power motivation), the driving force, or tools to build the 

willingness and strong desire for self-learners for active learning, creative, effective, 

innovative and fun in order to change behavior, both in cognitive, attitude and psychomotor 

, (Hanafi and Suhana, 2012: 26). Motivation as the internal processes that give behavior its 

energy and direction. These internal processes include your goals, beliefs, perceptions, and 

expectations (Dembo 2004: 10). Motivation is internal process that activates, guides and 

maintains behavior over time (Slavin 2006: 317). Motivation is the desire and energy that 

moves you to complete a task or reach a goal. Motivation comes primarily from within you, 

but sometimes external forces can provide the extra incentive to take action (Kirby & 

McDonald, 2009: 40). According to Maehr & Meyer, motivation is a theoretical construct 

used to explain the initiation, direction, intensity, persistence, and quality of behavior, 

especially goal-directed behavior (Brophy, 2010: 3). Motivation is processes that provide 

encouragement, direction and support behavior (Santrock, 2011: 438).  

Intrinsic motivation is typically defined as students engaging in actions for their own 

sake and without coercion such as satisfaction, interest, learning, and challenge. Extrinsic 

motivation occurs when students engage in activities for external reasons (outside of 

themselves) such as praise, grades, special privileges, and certificates or material rewards 

(Alderman, 2004 : 247). Motivation may be conceptualized as stemming from incentives 

that are either primarily internal or primarily external in origin. Another way of stating this 

is to speak of intrinsic motivation and extrinsic motivation. In intrinsic motivation, the 

primary d riving force stems from things such as the individual’s involvement in work or 

satisfaction with work products. In extrinsic motivation, the primary driving force stems 
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from rewards, such as salary and bonuses, or from constraints, such as job loss (Cohen & 

Swerdlik: 2009, 576).  

Measurements aspects of motivation and how to optimize student motivation can 

also be done using an index of motivation , that choice assignments, effort, persistence and 

achievement (Schunk, Pintrich, and Meece, 2012: 17). Keller draw up a set of principles 

ARCS model that can be used in the process of learning which includes attention, 

relevance, confidence and satisfaction (Siregar & Nara , 2011: 52). According to Imron 

there are six elements that affect motivation in the learning process of students is a goal or 

aspiration, ability, condition of the students, environmental conditions, the dynamic 

element of learning and the efforts of teachers in an effort to teach students (Siregar & Nara, 

2011: 53) . 

Motivation to learn is encouragement from within and from outside the student 

encouraging, shedding power, activate, guide and sustain behaviors that lead to the 

achievement of learning objectives measured by aspects of vision, attitude, effort, 

determination and achievements of student learning and environmental conditions. The 

webbed model integrated several concepts from disciplined in science through an 

interesting theme in order to increase motivation students to learn. 

 

Generic Skill and The Connected Model 

According to the National Skills Task Force generic skill can be used across large 

numbers of different occupations (Pumphrey & Slater, 2002: 8). Kearns (Yeung, Ng, & Liu, 

2007) defines generic skills as life and employability skills and attributes. Generic 

capabilities are, therefore, believed to be essential for both, continuing education and a 

successful career. According to Kamsah generic skills are employability skills used to apply 

the knowledge (Tawil & Liliasari, 2014: 86). Generic skills in general use in a variety of 

scientific work. Generic skills derived from the skill of the process by combining it with 

the natural components of skills learned in science contained in the structure of the 

assessment triangle concept or principle of nature (Hamdani, 2011: 235). 

Curriculum Development Council identified nine types of generic skills as essential 

components in schooling. They are collaboration skills, communication skills, creativity, 

problem solving skills, critical thinking skills, numeracy skills, information technology 

skills, self-management skills and study skills (Yeung, Ng, & Liu, 2007). 

Generic skills in Scotland: (1) knowledge and understanding, (2) practice-applied 

knowledge and understanding (linking theory to practice), (3) communication, ICT and 

numeracy skills, (4) generic cognitive skills-problem-solving, analysis, evaluation (5) 
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autonomy, accountability and working with others (Bowman, 2010). 

In the United States (NCVER, 2003), generic skills elements are: (1) 

basic/foundation skills (literacy, numeracy, communication) (2) higher order thinking skills 

(adapting to change, problem-solving, creativity, decision-making, learning how to learn), 

(3) interpersonal and team skills (communication, co-operation, negotiation/conflict 

resolution, leadership, and dealing with diversity) and (4) personal characteristics and 

attitudes (including politeness, perseverance, goal-setting, positive self-worth). 

Brotosiswoyo (Hamdani, 2011: 23) explains that the ability of generic science in 

science teaching can be categorized into nine components: direct observation, indirect 

observation, awareness of the scale of magnitude, symbolic language, framework logic-

abiding principle, inference logic, the law of cause and effect, modeling, and building 

concepts. Sudarmin (Tawil & Liliasari, 2014: 99 ) adds a component to ten abstraction in 

generic skills . 

Generic skills is the ability in scientific work relating to aspects of knowledge, 

attitudes and skills that can be applied in everyday life, work and continuing education. The 

connected model integrated the concepts and skills in science are connected with each 

other, the key concepts into core learning materials and other associated concepts serve to 

enrich the material and associated skills in the process learning concept. 

 

CONCLUSION AND SUGGESTION 

Connected model focus on making connection one topic to the next, one concept to 

another and a skill to related skill. Connecting concept of the science learning can enhance 

generic skills students. Sequenced of topics, chapter and unit can dictate the curricula 

priority. Teacher can make the critical decision about content of science priority to improve 

the understanding concepts. Webbed represent the thematic approach to integrating several 

disciplines in science. An advantage of the webbed is the motivational factor that results 

from selecting high-interest themes. 

Research is needed to determine the relationship between models connected and 

generic skills, model sequenced and understanding concept, model webbed and motivation 

to learn and the influence of the three models on generic skills, understanding concept and 

motivation to learn.  
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Abstract 

Competence developing of biology prospective student encourage instructional 

innovation with enter the learning strategy using online argumentation. This was implied 

to the need to review biology prospective teacher perception to the using of online 

information technology, and students expectation to the learning development by 

implementing online argumentation discourse. The survey was conducted for the students 

of Biology Education UPGRIS who will perform a field learning program. The survey 

was conducted on 52 students. The aspects surveyed through questionnaires including 

student’s perceptions to the using of information technology based online in daily life, 

the using of technology based online in academic activities, the using of technology based 

online in the arguments discussion activity as well as the expectations of the student's to 

development of technology based online to support learning activities by the strategy of 

argumentation 

 

Keyword: the perception of students, online information technology, online 

argumentation 

 

Preliminary 

Science as a process was a procedure that was used by scientists to acquire knowledge by 

conducting a study of natural phenomena. Study results of the natural phenomena then 

interpreted and further communicated scientifically (Berland, 2000). Activities were no 

less important was how the scientists were able to communicate and be able to convince 

the scientific community about the quality of the correctness of its findings. At this moment 

a scientist should be able to present strong support as justification for its findings. Thus, in 

constructing the science knowledge involves a social process. 

Language and communication have an important role as a means to build 

knowledge through social processes (Eduran, 2004). Osborn (2010) states that there was a 

shift in the science learning previous focused on student centered process based on inquiry 

to be more focused on the role of language and communication in practicing in the 

classroom. 

The paradigm shift implies that science learning in the classroom not only 

emphasize on practical work, but also involve students in the process of thinking through 
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a series of scientific discourse such as discussion, debate and negotiation (Kim & Song, 

2005). Communication skills to seek the support of very important process in science 

learning based on inquiry (Briker & Bell, 2008). Students need to be given the opportunity 

to actively engage in scientific discourse such as developing a hypothesis and arguing so it 

can use the scientific language or communicate scientific (Lemke, 1990). 

Argumentation discourse in the science learning context has been a central issue in 

the current studies (eg, Sampson & Clark, 2009; Chen, 2011). Aufschnaiter et al. (2007) 

states that there were three theoretical framework underlying the study of argumentation in 

science education. First framework, scientists involves arguments to develop and to 

improve the knowledge (Lawson, 2003; Aufschnaiter et al., 2007). The second framework, 

the public must use arguments to engage in scientific debate (Simon et al., 2003; 

Aufschnaiter et al., 2007). The third framework of the science learning process of students 

require arguments (Osborn et al., 2004; Aufschnaiter et al., 2007). 

Implementation and arguments discourse research in science learning have been 

made by some researcher. Argumentation has been integrated in inquiry learning known as 

the Argument Driven Inquiry (ADI). Research results of implementation Argument Driven 

Inquiry (ADI) shows the limitations of time learning which was longer. In the control class 

has completed 11 experiment activities, ADI group were recently completed six 

investigative activities. 

Developments in information technology online offers to lecturer and students 

access to more resources. Learning based online can encourage students to learn 

independently and collaboratively and involve social processes. The availability of 

teaching materials based online can provide facilities for students to examine data and 

evidence by constituting support theories scientificly, comparing different viewpoints 

about the phenomenon or science issues, analyzing and synthesizing the data to formulate 

conclusions, and communicating the findings to others across broad geographical distances 

(Vogel, et al., 2010). 

Information technology based online has the potential to give support in learning 

through inquiry and argumentation. Such support includes tools to synthesize primary 

sources (Linn, Bell, and Hsi, 1998). Online information technology provides an opportunity 

to share data and ideas (Feldman et al., 2000), visualize and analyze data (Edelson, Gordin, 

& Pea1999), and provide scaffolding to promote knowledge (Linn & Hsi, 2000). Learning 

based online, when properly designed, can be used to promote learning independently, thus 

reducing the number of lecturer guidance needed in the classroom (Bodzin and Cates, 

2003). 
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Based on this background implies that the ability of argumentation discourse in 

science learning was a part of social processes in exercising students to construct 

knowledge and exercising communication and critical thinking processes. Accommodation 

of social processes through argumentation in learning have barriers of learning time were 

longer. Technological developments based on line provides an opportunity for exercising 

argumentation ability, so that students are able to learn independently. 

Thus it takes a study to examine how perceptions and expectations of biology 

prospective teachers to the using of technology based online for exercising argumentation 

skills. This study was useful to describe the using of technology based online in daily life 

and illustrates the expectation of students in practicing argumentation ability in learning. 

Method 

Studies in order to describe the perceptions and expectations of biology prospective 

teachers towards the using of information technology based online for exercising 

argumentation ability using survey methods. The survey was conducted for the students of 

Biology Education UPGRIS who will perform a field study program. The survey was 

conducted on 52 students. 

Survey using a questionnaire instrument. Aspects that were asked through 

questionnaire to prospective teachers include utilization of information technology based 

online in daily life, the using of technology based online in academic activities, the using 

of technology based online in argumentation discussion activity as well as the expectations 

of the student's to the development of technology based online to support learning activities 

with argumentation strategy. The survey results were analyzed by descriptive statistics. 

 

Results and Discussion 

A. Results 

Biology prospective teachers in their daily lives have been utilizing information 

technology based online. Students have 96%  high frequency in using an online IT to 

support the activities in daily life. The using of information technology based online in 

daily life was represented in the graph in Figure 1 follows. 



 

298 
 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

 

Figure 1. Perception of students to use online IT in daily life 

The using of online IT by Biology prospective teachers used to support the 

academic activities such as searching for a scientific article to reference a college 

assignment, searching for information to support discussion. Survey result aspects of daily 

life that utilize online IT was presented in Table 1. 

Table 1. Frequency of the using of online IT to support daily life  

IT Online Utilization Aspects  Frequency 

Searching for scientific article to reference of lesson task  18% 

Searching for information to support discussion  16% 

Doing survey/research 3.80% 

Searching for entertainment  13% 

Online discussion 4.20% 

Socializing with social media  14% 

Online business  3% 

Exchanging information/ task  12% 

Searching inspiration and motivation  14% 

Etc  2% 

Online IT utilization also support the lectures. Based on the survey results show 

that many lectures frequently use IT online, amounting to 86%, and there were no or 0% 

lecture that never utilize IT online. It was like represented in figure 2. 

sering 
96%

kadang-
kadang

4%

tidak 
pernah

0%

Pemanfaatan IT Online dalam Keseharian
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Figure 2.Perception of prospective teachers to the using of online IT in the lecture. 

The benefits were felt by the student with using online IT lectures as presented in 

Table 2. 

Table 2.Frequency of online IT benefits to support the lecture activities. 

Benefits in using  IT online  Frequency 

Getting scientific information or journal quickly  33% 

Searching for discussion reference become easier and more 

practice  

22% 

Getting variety scientific reference as supporting text book   37% 

Etc 3% 

  

Based on the table 2 shows that according to the students in the lecture by online IT 

utilization requires them to be able to search for scientific information or journals, reference 

materials and scientific discussion that support the lecture. 

Online IT usage in the lecture has not fully followed by the argumentation. This was 

represented in figure 3. 

 

Figure 3.Perception of prospective teachers to use IT online for arguments discourse 

Based on the graph in Figure 3, the students admitted to the general student by 53% 

sering 
86%

kadang-
kadang

14%

tidak 
pernah

0%

Pemanfaatan IT Online dalam Perkuliahan

sering 
38%

kadang-
kadang

53%

tidak 
pernah

9%

Pemanfaatan IT Online dalam 
Argumentasi
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rarely did arguments discourse stated by utilizing IT online. There were several reasons 

why students rarely did arguments discourse by utilizing IT online. This occurred in table 

3. 

Table 3.Obstacles of online IT utilization in the arguments discourse. 

Obstacles in online argumentation  Frequency 

Comforting with arguments discourse in face to face 43% 

The culture to use online IT to search scientific information  12% 

Availability facilities that no support argumentative interaction  43% 

Etc 2% 

 

Based on the table 3 shows that there were psychological and technical constraints 

which faced by students so they rarely use IT online to do arguments discourse. Psychically, 

students more comfortable when doing discourse arguments directly, while technically the 

existing facilities have not been fully supportive interaction within argued. 

Student opinion to the development of courses that using online argumentation 

strategies presented in Figure 4. 

 

Figure 4. Biology student opinion towards developing lectures with online argument 

strategy. 

Based on the figure 4, 84% students states agree. This was because they has confidence in 

the benefits that can be obtained, as presented in Table 4. 

 

 

 

 

Table 4. Believe of students to the benefits lectures with online argument. 

Setuju
84%

Ragu
14%

Tidak 
setuju

2%

Perkuliahan dengan Argumentasi Online  
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Online arguments benefit aspect  Frequency 

Exercising to argue, negotiate  11% 

Giving opportunity to describe data and evidence  15% 

Exercising to think critically  14.00% 

Learning to make decision  7% 

Getting opportunity to ask evidences to the other opinion  7.60% 

Getting opportunity in work in group  7% 

Learning to use online IT  15% 

Assesing strength and weakness of other statements  9% 

Searching for support logically and scientifically  13% 

Etc 1% 

Based on these four images, 14% of students stated undecided and 2% of students 

stated disagree. This was due to several reasons. This was presented in Table 5. 

Table 5. Reason of student disagreement to the online arguments 

Online arguments benefit aspect  Frequency 

Aversion involved in arguing  14% 

View to the acception of critically  21% 

Become rambling in making decision  14% 

Spending a lot of time  21% 

Habitual working individually  14% 

Spending addition charge  7% 

Requirement to express  9% 

Based on the reasons shown in table 5, implies that there was a potential obstacles 

in the development of lectures that apply online arguments. The obtacles include social and 

psychological aspect in argumentation discourse. 

 

B. Discussion 

Online information technology has been widely used by Biology prospective 

teachers. 96% of students have high frequency in using online IT to support the activities 

in daily life. This implies that information technology provides the facility to the students 

to access more resources. 

The utilization of online information technology by students generally for academic 

support. It shows that information technology can developed for learning based online so 

it can encourage students to learn independently and collaboratively and involve social 
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processes.  

Students have confidence in the benefits of the using of online information 

technology to support online argument. It was possible to do, because students can examine 

data or evidences to support theories so it was scientific, comparing different viewpoints 

about the phenomenon or science issues, analyzing, and synthesizing the data to formulate 

a conclusion, and communicating the findings to the other traverse vast geographic distance 

(Vogel, et al., 2010). 

Online information technology gave opportunity to share data and ideas (Feldman et 

al., 2000), visualize and analyze data (Edelson, Gordin, & Pea1999), and provide 

scaffolding to promote knowledge (Linn & Hsi, 2000). Learning based online, when 

composed well, it can be promoted learning independently, so reduce the number of teacher 

facilitation which need in classrooms (Bodzin and Cates, 2003). 

The potential that could be expected can inhibit psychic and technical nature. In 

psychological, argument involves dialogical between two people or more, so that those 

have gotten used to engage the arguments, it was difficult to present evidence and evaluate 

the evidence submitted by the other. Technically, online arguments activities demanding 

the ability to use information technology. However, people should use the arguments 

discourse and engage in scientific debate to build their communities which has literate 

knowledge (Simon et al., 2003). 

 

Conclusion 

Students have a positive opinion to the utilization of online information technology in daily 

life, as a supporter of lectures and academic activities as well as supporting the activities 

of the argument. Expectation of students with lectures that take advantage of online 

argumentation strategies, students will get benefit from the increasing ability to argue that 

being able to think critically, make decisions, negotiate and scientific thinking to submit a 

statement supporting evidence. 
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Abstract 

 The study aims to investigate (1) the feasibility of natural sciences learning 

devices based on experiential learning model which is developed in the research, 

and (2) test the effectiveness of  the application of learning devices in improving 

the scientific literacy of  7th  grade students. This study was a research & 

development (R & D) using Borg & Gall model. The developmental procedure 

includes (1) conducting preliminary study, (2) planning the research, (3) 

developing prototype, (4) conducting validation and revision, (5) conducting  

preliminary field testing and revision, (6) conducting operational field testing, (7) 

revising final product, and (8) disseminating final product. The research 

instrument consisted of validation sheets, observation sheets, tests, a questionnaire 

about attitude of scientific literacy, and student response sheets. Validation was 

done by two expert lecturers and two science teachers. The research subjects were 

students of grade 7 in SMP N 1 Muntilan. Preliminary testing was done to 12 

students. Operational field testing with the pre-test-post-test control group design 

involving 22 students as the control group and 24 students as the experimental 

group. Data were analyzed using multivariate test done by SPSS 20 program. The 

result of this research showed that (1) learning devices developed  in the research  

was feasible ( in very good category)  for natural sciences learning of grade 7 

students in SMP N 1 Muntilan, and (2) the aplication of devices on natural science 

learning was effective in improving scientific literacy of students    (p =0.000). 

 

Keyword: natural science learning devices, experiential learning model, 

scientific literacy 

 

INTRODUCTION 

The world development of the XXI century requires the utilization of information 

and communication technologies in all facets of life. The ability to think critically, solve 

problems, and collaborate become an important competence in entering the XXI century 

life. Rotherdam and Willingham (2009: 1) states that in order to be successful, students 

must have the XXI century skills. Thesee skills will require more attention related to 

curriculum, teacher quality, and assessment. 

Kareulik, et al, (2013: 130) states that the XXI century competencies that must be 

mastered by the learner include: foundational knowledge (to know), meta knowledge (to 

act) and humanistic knowledge (to value). Competence of the XXI century must be owned 

by the students as a preparation to face global challenges. Competence of the XXI century 

must be included in the planning and implementation of learning. 

According to the National Science Education Standards (1996: 22) "Scientific 

literacy is the knowledge and understanding of scientific concepts and processes required 
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for personal decision making, participation in civic and cultural affairs, and economic 

productivity." Scientific literacy is comprised of three main dimensions, namely knowledge 

of key concepts, knowledge of the nature of science, knowledge of the interaction between 

science and society (Archer & Bradshaw, 2014: 168-169). PISA states that scientific 

literacy is composed of four domains, namely domain context, knowledge, competencies, 

and attitudes (OECD, 2013: 101). 

Research conducted by the Programme for International Student Assessment (PISA) 

in 2012 informed that the ability of science literacy learners Indonesia internationally in 

math, reading, and natural science is still very low, which Indonesia was ranked 64 out of 

65 participating countries, with the value of mathematics (62), reading (56), and natural 

science (63) (OECD, 2013: 19). Research Odja & Payu (2014: 40) concluded that the 

ability of scientific literacy of students in natural science concept is still in the low category 

(nominal). 

Refers to the Minister of Education and Culture Regulation (Permendikbud No. 68 

Th 2013) about the Basic Framework and Curriculum Structure for SMP/MTs, the low 

achievement of Indonesia learners in PISA among others, can be caused by a lot of test 

material in PISA are not included in the curriculum. 

Looking at the urgency of the demands of the XXI century and the low scientific 

literacy of students in PISA, it demands changes in education in Indonesia. BouJaoude 

(2002: 139) stated that the curriculum includes science knowledge, scientific 

investigations, the interaction of science technology and society, as well as the emphasis 

on science as a way of knowing can emphasize the aspect of scientific literacy. Furthermore 

BouJaoude (Ozdem, 2010: 14) explains that learning, assessment, quality textbooks, 

participation in scientific extra-curricular activities, and scholarly experience outside of 

school is an important factor affecting the level of scientific literacy. Similarly delivered 

Cansiz and Turker (2011: 364) that the curriculum is an important component of science 

education, its objectives and activities should be more emphasis on scientific literacy, 

which can result in changes in classroom practices in science classes to produce a man who 

mastered  

the science literacy. 

Curriculum implementation in 2013 is expected by the government to improve the 

achievement of Indonesia learners. Characteristics of the curriculum  2013 are student 

centered, interactive, multimedia-based, thematic-integrated (multidisciplines), scientific 

approach, authentic assessment (Permendikbud No. 68, 2013b) competency-based on 

attitudes, skills and knowledge (Permendikbud No. 54, 2013a). 
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Based on the results of field surveys in SMP N 1 Muntilan, it was found that the 

implementation of the curriculum of 2013 still has many constraints. Educators are still 

having trouble matching the basic competency (KD) and the material between the syllabus,  

teacher book and student book. Implementation of assessment especially attitudes and skills 

domain are still difficult. Educators are still face difficulties to develop themselves about 

learning devices using scientific approach. 

Scientific literacy is less understood by educators. Scientific literacy competence has 

not been included in the process of science learning. Learning is still dominated by the 

aspect of knowledge. Attitudes and skills aspects are still in low priority. Only students with 

middle to high IQ who has a good scientific literacy.  

Implementation of Curriculum 2013 which has not been satisfy causes poor ability for 

scientific literacy and problem solving of learners. Junior high school learners potentially 

for enhanced their scientific literacy. It is appropriate to research of Ozdem, et al (2010: 

14), which revealed that learners already have the level of scientific literacy average 

starting grade 6 and above. The level of scientific literacy is seen to increase in 7th grade, 

but a significant difference in improving the scientific literacy will be seen in 8th grade. 

Based on the problems found, it would require the development of junior high school 

science teaching devices that facilitate learners to improve scientific literacy. Experiential 

Learning Model (ELM) may be an alternative to increase scientific literacy of junior high 

school students. 

ELM is a learning model that is based on the theory of David Kolb. He stated that 

Experiential learning is "the process whereby knowledge is created through the 

transformation of experience". (Kolb, 1984: 38). Cycle ELM consists of four stages, 

namely concrete experience (CE), refective observation (RO), abstract conceptualization 

(AC) and active experimentation (AE). Learning starts from the actual experience of 

learners (CE), then performed reflection and observation (RO) to the experience of trying 

to find an answer, develops the questions of how and why it happened. In phase AC learners 

to try to conceptualize a theory or model of the experiences observed and integrate new 

experiences gained with previous experience. At the last stages AE, learners try to plan how 

to test the ability of a theory or model to explain the new experience were then (Sharlanova, 

2004: 37-38). 

ELM is suitable for improving scientific literacy. This is in accordance with the 

opinion of Grant and Dianne (Ogunkola, 2013: 272) which states that in order to improve 

the scientific literacy of learners, educators must: (1) identify the important topics in the 

curriculum, then invites students to add an appropriate topic of their interest; (2) involving 
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learners in reading research, and educators should be able to link the concept of science 

and social issues; (3) students are taught to read graphs, charts, data tables, and part of the 

data analysis and critical thinking. This strategy will help the students to be more aware of 

the world around and more empowered to make decisions through science. 

The aim of this study was to investigate (1) the feasibility of the ELM-based learning 

science developed, (2) the effectiveness of the ELM-based science teaching to improve 

scientific literacy. With ELM study is expected to be packed and train scientific literacy 

ability in science teaching so that learners' achievements increases. 

RESEARCH METHOD 

This research is a research and development (R & D). The product developed in the 

research are science learning devices based on experience learning model consists of 

sillaby, lesson plan, student job sheet, and test instrument. 

 The research was conducted at SMP N 1 Muntilan on March-May of academic year 

2014/2015. The subjects in the research are students of grade 7th of SMPN 1 Muntilan. 

Limited tryout involved 12 students. Field tryout was conducted by using pretest-posttest 

control group design, involved 22 students as the control group and 24 students as the 

experiment group. 

 Research procedur using Borg & Gall’s steps consists of (1) preliminary study, (2) 

planning, (3) draft development, (4) validation and revision, (5) limited tryout and revision, 

(6) field tryout, (7) revision of final product, and (8) dessemination of final product.  

 Preliminary study consists of field survey, curriculum analyse, need assessment. 

Field survey was done by interview about challanges and constraints on implementation of 

Curriculum 2013. Curriculum analyse was conducted to map contents of Curriculum 2013 

which its learning devices would be developed. Need assessment was intended to determine 

what would be needed on learning implementation based on Curriculum 2013. Planning 

consists of determining competency/goal of learning, specification and design of of 

learning devices which would be developed. Revision 1th  was conducted after theoritic 

validation by expert and teacher. Tryout was conducted to investigate the feasibility and 

effectivity of learning devices in increasing scientific literacy of students. 

Research instruments comprise of interview guidance, products assessment sheet, 

and instrument to measure scientific literacy. Data analysis technique involved analysis of 

feasibility of learning devices and  their effectivity for increasing scientific literacy. Product 

feasibility was analyzed using Likert scale (Widoyoko, 2011: 109) as seen at Table 1. 

Table 1. Feasibility of the product Category 
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Score (i) Category 

X > 4.20 Very good 

3.41 < X ≤ 4.20 Good 

2.61 < X ≤ 3.40 Moderate 

1.81 < X ≤ 2.60 Bad 

X ≤ 1.80 Very bad 

 

Item analysis of scientific literacy test using Quest Program. It using criteria INFIT 

MNSQ or INFIT-t value of item  between 0.77-1.33. 

The improving of scientific literacy were analyzed using normalized gain method 

with the formula (𝑔) =  
%𝑝𝑜𝑠𝑡−%𝑝𝑟𝑒

100−%𝑝𝑟𝑒
. The normalized gain obtained from the value of the 

pretest and posttest were subsequently seen the improvements and categorized according 

to (Hake, 1998, p.65) see Table 2. 

Table 2. Normalized Gain Category 

Interval Category 

(g) < 0,3 Low 

0,7 > (g>) ≥ 0,3 Medium 

(g) ≥ 0,7 High 

 

The effectiveness of  the application of learning devices in improving the scientific 

literacy of  7th  grade students were analyzed using anova test done by SPSS 20 program. 

RESULT AND DISCUSSION 

Natural science learning devices based on ELM is a learning device that emphasizes 

in four step learning: Concrete Experience, Refective Observation, Abstract 

Conceptualization, and Active Experimentation. The aim of devices is in improving the 

scientific literacy of students. The devices consist of learning plan, worksheets, and test 

instruments with material about pollution and global warming. This material is suitable for 

scientific literacy because it has become a global scientific issue that attracted of expert’s 

attention. Learning competencies in accordance with the learning curriculum of 2013. The 

device was developed through the stages of research development of Borg & Gall. 

The Feasibility of Natural Science Devices Based on ELM 

Product validation performed by using sheets of validation. Assessment of each 

aspect consists of 5 scale. The result of product validation can see in Table 3. 

Tabel 3. Validation Score 
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Product 
Score Average 

Category 
Expert Lecturers Science Teachers 

Lesson Plan 4.27 4.24 Very Good 

Student Worksheet 4.31 4.28 Very Good 

Scientific literacy test 4.47 4.47 Very Good 

 

Based on data from the assessment of expert lecturers and science teachers, it is 

known that the average score of validation of devices based on ELM is ≥ 4.24 and all 

product are "Very Good" category. Histogram validation results can be seen in Figure 1. 

 

Figure 1. Histogram Validation Results 

 

Empirical Test Analysis  

Test having tested on 42 students of class VIII. The empirical test data were analyzed 

by Quest program and the results obtained are shown in Table 4. 

Tabel 4. Quest analize Result 

Test Mean INFIT MNSQ SD 

Scientific literacy 1,00 0,17 

 

Wright & Masters (Subali & Suyata, 2012: 10) states that the Quest program, 

determining fit each testi (case / person) based on the value or the value INFIT MNSQ or 

INFIT-t items from 0.77 to 1.33. Thus, based on Table 5, it can be said on the whole item 

in accordance with the model Rash, sample testing in accordance with the items tested, and 

all the questions declared fit to limit acceptance of ≥ 0.77 to ≤ 1.30. The test is in good 

quality test items. 

Analysis of Scientific Literacy Gain 

Measurement of scientific literacy (SL) was conducted according framework for the 
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PISA Science Assessment (OECD, 2013 p. 111), where the measurements performed on 

domain competencies in the context and involves the application of knowledge. Indicators 

of scientific literacy competence is 1) to identify scientific issues, 2) explain scientific 

phenomena, and 3) use scientific evidence. While the attitude indicator of scientific literacy 

is 1) an interest in scientific issues, and 2) supporting the scientific investigation, 3) care 

about environmental awareness. 

The improving of scientific literacy students can be known from the value of the gain 

between the pretest to posttest. Based on the value of the gain between the pretest and 

posttest experimental class in Table 5, it is known that the ELM-based learning can improve 

learning outcomes, the ability of science literacy in the "medium" category.  

Table 5. Gain Pretest-Posttest of Experiment Class 

Test 
Average Gain 

score 
Category 

Pretest Posttest 

Scientific Literacy 58.8 77.1 0.43 medium 

 

Comparison of gain score of the experimental group and the control group in Table 

6 shows that the aplication of devices on natural science learning was effective in 

improving scientific literacy of students. 

Tabel 6. Gain Score Scientific Literacy  

Test 
Gain Score 

Control group Experiment group 

Scientific Literacy Attitudes 0.32 0.43 

 

ELM able to improve scientific literacy, namely: (a) the ability to identify scientific 

issues in category "Low". While (B) the ability to explain scientific phenomena in the 

category "High", and (C) use scientific evidence in the category "Medium" as shown in 

Table 7 and Figure 2. 

Tabel 7. Scientific Literacy Score 

 Scientific Literacy Pretest Posttest Gain Category 

The ability to identify scientific 70.1 77.1 0.2 Low 

The ability to explain scientific phenomena 59.0 96.5 0.9 High 

Use scientific evidence 66.0 83.3 0.5 Medium 
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Figure 2. Histogram of Scientific Literacy Competence 

 

Analysis of Science Literacy Attitude 

Results of measurement science literacy learners' attitudes before and after the ELM-

based learning in the experiments group can be seen in Table 9. 

Table 9. Comparison of Attitudes Science Literacy 

Group 
Average Category 

 
Gain  Category 

Pretest Posttest 

Experiment 3,28 3,38 Very Good 0,13 Low 

Control 3,20 3,24 Very Good 0,00 Low 

 

The attitude of scientific literacy of students in pretest and posttest included in the 

category of "Very Good", implementation of ELM learning device capable in improving 

science literacy attitude despite the gain value of 0.1 with the category of "Low". 

 

Analysis of The Effectiveness of ELM Learning Devices in Improving Scientific 

Literacy  

Before analyzing the data with Anova test, first tested the prerequisites, namely 

normality and homogeneity based on data values pretest and posttest gain control and 

experimental group. Based on an analysis using SPSS 20, indicates that the data were 

normally distributed and has a homogeneous variance, so it deserves to be analyzed with 

ANOVA. 

Based on the results of hypothesis testing with SPSS, showed that there were 

significant differences in the mean increase in scientific literacy learners who follow 

learning using the ELM-based science learning (experimental class) with a teacher-
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developed learning device (control group) with p = 0.000. This indicates that the device is 

effective ELM-based science teaching to improve scientific literacy of junior high school 

students. ELM-based science learning device has been tested the feasibility and 

effectiveness so it can be declared fit to be used as an alternative device in junior high 

school science teaching. 

CONCLUSION AND SUGGESTION 

Conclusion 

The result of this research showed that (1) learning devices developed  in the research  

was feasible ( in very good category)  for natural sciences learning of grade 7 students in 

SMP N 1 Muntilan, (2) the aplication of devices on natural science learning was effective 

in improving scientific literacy of students (p =0.000). 

Suggestion 

Natural science learning device based on Experiential Learning Model (ELM) with 

subject matter of pollution and global warming can be fully utilized by educators in 

improving scientific literacy of students in junior high school. It can be applied in preparing 

and developing the science learning in other materials that have the same characteristics. 
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Abstract  

The aim of this study is that to describe how importance of students’ high order thinking 

skills (students’-HOTS) development for teachers and pre-services. HOTS is very important to be 

developed because it has closely related to the critical and creative thinking skills and the ability of 

students in problems solving. One of the learning activities can develop students’ HOTS is Inquiry-

based learning. Inquiry-based learning is one of suggested learning of scientific approach which is 

in curriculum of 2013.This article examines the importance of HOTS, inquiry-based learning and 

its relation to HOTS. Inquiry-based learning can improve students’ HOTS through discovery 

activities and involve the students actively in learning through activities scientifically, such as 

formulating the problems and hypotheses, conduct experiments, writing the results of the 

experiment, analyze the data and draw conclusions from the result of analysis. After comprehending 

the importance of HOTS development and inquiry-based learning, teachers and pre-service are 

expected to be able to apply inquiry learning in teaching chemistry in the classroom, so that the 

teachers are able to increase students’ HOTS, thus students are able to survive in facing of global 

challenges. 

 

Keywords: HOTS, chemistry learning, inquiry-based learning 

 

 

INTRODUCTION 

Various fields in 21st century develop rapidly, especially in information and 

technology fields. It switches people’s paradigm on learning activity. That is a learning 

paradigm that provides information to be a learning media for students which  equip the 

students a space as wide as possible to devolve their knowledges and skills. The students 

are demanded to be independent in learning, to be up to date of technology progression, to 

be able in solving problems, and to possess the ability to think critically and creatively so 

that they can confront many kinds of global challenge. 

Citing from the Minister of Education of Singapore (MOE) statement, there are 

three competences that should be possessed by students that enable them to confront the 

challenges in 21 century, they are Civic Literacy, Global Awareness and Cross-Cultural 

Skills; Critical and Inventive Thinking; Communication, Collaboration and Information 

Skills (Minister Of Education Singapore, 2015). Thaiposri &  Wannapiroon (2014) explain 
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that the main purpose of learning in 21 century is content knowledge, specific skills dan 

expertise and literacies. Furthermore, it is stated in Undang-undang No. 20 Year 2003 about 

National Education System that the purpose of education is to create a studying atmosphere 

and learning process where the students actively develop their own potentials so that they 

would possess the strength of religious spirit, self control, personality, noble character, and 

skills that are required by the students, society, nation and state (Kemendikbud, 2003). 

Chemistry is a part of Science which is studied by the students. Generally, Chemistry 

discuss about law and theory of atom and molecule. The Chemistry learning of SMA/MA 

in Indonesia teaches the students some knowledge, understanding, and ability as the 

requisites to attain the higher level of education and enable the students to develop the 

science and technology. Some approaches can be applied to gain the purpose of Chemistry 

at school, such as inductive approach in a form of scientific inquiry process, work and 

behave scientifically, and communicate them. Chemistry learning emphasize more on 

giving a direct learning experience through a development of process skills and scientific 

attitude (Kemendikbud, 2006). Katchevich, Hofstein &  Mamlok-Naaman (2013) 

furthermore state that one of the Chemistry educations is to give the students the ability to 

built arguments, reasoning, and to think critically in a scientific context. Realted to the 

attainment of the purpose, Chemistry learning is not only to understand the concepts but 

more to shape the students’ thinking pattern. There are many thinkning pattern that should 

be developed  by the students, start from the basic-level thinking or lower-order thinking 

skills (LOTS) to the complex thinking or higher-order thinking skills (HOTS). The HOTS 

needs to develop in each individual so that the thinking pattern can be formed in acting, not 

only in learning scope but also in social life. 

King, Goodson, & Rohani (2011) explain that HOTS is skills to think critical, 

logical, relfective, metacognitive, and creative. HOTS will be possesses by someone when 

the LOTS is already possessed propitiously, such as discrimination, simple application, 

analysis and cognitive strategies. LOTS also related to the students’ former knowledge of 

some material subject. Thomas & Thorne (2010) explain that HOTS is a thinking skills on 

a higher cognitive level which not only relies on memorizing process, but also demand the 

abilities of relating, manipulating and transforming the possessed knowledges to think 

critically and creatively in an exertion of taking decisions and solving problems (Rofiah, 

Aminah dan Ekawati, 2013). 

The learning process that includes HOTS requires a clear communication of fact 

which can break ambiguity and confusion, and can increase the students’ thinking ability 

and scientific attitude. The learning program which is planned by the teachers in increasing 
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the thinking skills must involve the thinking skills model like applied thinking and it adapts 

to the talents that are required by the students.Some learning models can be applied to 

increase students’ HOTS, such as a learning model which is suggested in scientific 

approach of curriculum 2013. One of the suggested learning models is the inquiry-based 

learning.  

Inquiry-based learning is a learning model that is developed so that the students 

can find and apply various sources of information and idea in increasing their 

understanding to some certain problems or topics (Abidin, 2014:149). Vajoczki, Watt, Vine 

& Liao (2011) explain that inquiry is a process of learning and skills development. The 

inquiry process is related to the process of exploration, discovery, and finding the higher 

understanding. Inquiry learning is trusted can increase understanding and can develop the 

skills that required by the students to confront the challenges in 21st century (Harlen, 2013). 

In line with that, Wright and Burrows (Hendryarto dan Amaria, 2013) suggest that inquiry-

based learning can train students’ HOTS through the discovery activity and involve them 

actively in learning with scientific activities, such as formulating problems and hypothesis, 

conducting experiments, drawing research results, analyzing data and drawing conclusions.  

According to the explanations, it is suggested that the teachers should be able to apply the 

learning and give an access as wide as possible to the students in developing HOTS. 

 

DISCUSSION 

Higher Order Thinking Skills 
Thinking skills is a crucial dimension in education. Thinking skills can be defined 

as a mental process to integrate knowledge, skill and attitude in the exertion of 

understanding environment. According to the online Kamus Besar Bahasa Indonesia, skill 

is defined as someone’s proficiency in finishing an assignment, while thinking is a 

technique or a way to think. From the definitions above, it can be conclude that thinking 

skill is a skill or a proficiency possessed by everyone in finishing or solving assignments 

or problems related to the cognitive. 

Rofiah, Aminah dan Ekawati (2013) explain that HOTS is a thinking process which 

is not only memorizing and retelling the ascertained information. HOTS is an ability of 

relating, manipulating, and transforming the possessed knowledge to think critically and 

creatively in an exertion of taking decisions and solving problems. HOTS can be defined 

into three categories, they are HOTS as transfer, as critical thinking, and problem solving 

(Brookhart, 2010:3). Furthermore, Jhonson (Rofiah, Aminah dan Ekawati, 2013) 

emphasizes that HOTS possesses by someone generally has several aspects, those are the 
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ability to think critically, to be creative, and to solve problems. 

Brookhart (2010:5) states “higher-order thinking is approached as the “top end” 

of Bloom’s (or any other) taxonomy: Analyze, Evaluate, and Create, or, in the older 

language, Analysis, Synthesis, and Evaluation”. Moore & Stanley (2010: 10) assert that the 

three levels of Bloom taxonomy (analysis, siynthesis, and evaluation) is the classes of 

HOTS. Miri, David & Uri (2007) append that HOTS is highly related to Bloom taxonomy, 

that is on the levels of analyzing, sythesizing, and evaluating. Learning experience on the 

three cognitive levels can develop the students’ skills in problems solving, inferring, 

estimating, predicting, generalizing, creative thinking, question posing, decision making, 

and critical and systemic thinking 

According to the explanation, it can be concluded that HOTS is a higher order level 

of thinking, not simply memorizing and retelling some gained information. Thinking skills 

have some aspects like in the last level of Bloom’s taxonomy, they are analyzing, 

synthesizing, and evaluating. The further explanation can be seen on the Figure 1. 

 

Figure 1. Thinking Skills Scheme 

 

Figure 1 shows that HOTS is important to develop because it is related to many 

skills that should be possessed by the students to confront the global challenges. The higher 

– order thinking skills would train the students to be active, accurate, critical, and creative. 
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Besides, it is expected that the students not only develop their skills in learning scope, but 

also in daily life or even in social environtment like in an exertion of solving the existing 

problems and making the right decision. HOTS is higly required in every aspect of life such 

as the recent days where the tecnology and information develop rapidly that the human is 

demanded to be sensitive and perceptive to the occuring situation. 

 

Inquiry-Based Learning 
The aim of Chemistry learning in SMA/MA is to provide the students some 

knowledge and understanding related to the concepts, principals, laws, and theories of 

Chemistry and their relation and application in solving the problems in daily life. Chemistry 

learning also train the students to conduct scientific reasoning through various approaches, 

such as inductive approach in a form of scientific inquiry process. The scientific inquiry 

process aims to grow the skills of thinking, working, and behaving scientifically 

(Kemendikbud, 2006). Chemistry learning requires a high intelligence and a shrewdness 

due to Chemistry is full of abstract conceptions, such as liquid concept, particulate nature 

of matter, chemical bound, reaction rate, acid and bases (Sirhan, 2007). Through the 

scientific inquiry approach, it is expected that the students propitiously understand the 

abstract concepts. 

Inquiry-based learning or scientific inquiry emphasizes on the process of seeking 

and finding. Course materials are not given by the teachers directly, then the students should 

seek and find the materials by themselves, while the teachers only facilitate them along the 

finding process (Hosnan. 2014:341). The process of seeking and finding can be done by 

the students using various sources of information and idea, so that their understanding on 

some certain problems and topics will increase (Abidin, 2014:149). Hosnan (2014:341) 

explains some characteristics of inquiry learning, those are 1) emphasizing on the students’ 

activities of finding optimally, 2) the whole activities conducted by the students are directed 

to seek and find the answers of the questions by themselves, and 3) it aims to develop the 

students’ thinking skills systematically, logically, and critically. 

There are three types of inquiry learning, they are structured inquiry, guide inquiry, 

dan open inquiry (Vajoczki, Watt, Vine & Liao, 2011; & Aksela, 2005; ). The inquiry 

learning steps consist of five prominent steps, they are asking, designing, collecting data, 

concluding, and communicating (Aksela:2005). The steps are in line with five prominent 

steps in scientific approach of curriculum 2013, those are observing, asking, collecting data, 

associating, and communicating.Others resources clarify that the inquiry learning steps are 

orientation or pre – learning, formulating problems and hypothesis, conducting experiment 
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or collcting data, processing and analyzing data,  examining hypothesis, formulating 

conclusion, communicating and post – learning (Abidin:2014 & Hosnan:2014). In another 

article, it is stated that generally the inquiry steps are orientations, conseptualizations 

(questioning and hypothesis generation), investigations (exploration, observation and 

experimentation, and data interpretation, analysis), conclutions, and discussion 

(commucication & reflection) (Pedaste et al., 2015). The inquiry learning steps can be seen 

on the Figure 2. 

According to the conducted research, inquiry-based learning can increase the 

HOTS aspect on the students. As conducted by Madhuri, Kantamreddi, and Goteti (2011), 

they show that Chemistry learning using practical works designed with inquiry learning 

model and using exercises designed with Bloom taxonomy is more effective in increasing 

the students’ HOTS skills than using practical works designed conventionally. Hugerat & 

Kortam (2013) explain that inquiry -based Chemistry learning using case study and article 

reading on scientific study results can develop stduents’ HOTS. It is indicated by the 

increase of students’ skill in drawing conclusion from an experiment. Furthermore, 

Hendryanto & Amaria (2013) state that the inquiry learning model application on the 

reaction velocity subject can increase students’ HOTS, proved by their examination result 

of higer-order thinking. The students achieve study completeness 92.8%. The values of n-

gain score are also high, they are 0.71 and 0.72 for product and process indicators. 

 

 

Figure 2. Inquiry Learning Steps 
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CONCLUSION AND SUGGESTION 
 The higher order thinking skills is important to be possessed by students to confront 

many global challenges. Developing the higher order thinking skills of the students should 

be in line with the teachers’ ability in casing up the learning process. The higher order 

thinking skills can be developed through a development of science process skills through 

inquiry learning. The inquiry based learning emphasizes on stduents’ activities in learning 

process by optimizing the students’ involvement. The teachers are demanded to be able to 

dig up the higher order thinking skills through the appropriate learning so that produce the 

excellent students. 
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Abstract 

The students of class X in SMA Negeri 2 Banjarmasin still have difficulties to 

solve a problem in C3, C4 and C5 level in order from indentify the information, apply the 

strategy to solve the problem and make a result conclusion due to less interesting 

instructional media that has example of problem with the step. Therefore, the reseacher 

did a research to know if using instructional media pocket book has an effect toward the 

students’ problem-solving skill. This research is a quasi-experiment research with 

nonequivalent group pretest-posttest design. The sample for this research are X MS 1 and 

X MS 5 that are taken by cluster random sampling from the population of X MS students 

in SMA Negeri 2 Banjarmasin. Data is obtained from learning result test and students’ 

individual worksheet. Data that obtained by researcher is analyzed descriptive 

quantitatively. The result of research show that using instructional media pocket book has 

an effect toward students’ problem-solving skill with the correlation of 0.98. So, the 

researcher can conclude that there is an effect of using instructional media pocket book 

toward the problem solving skill of X MS students in SMA Negeri 2 Banjarmasin. 

       

      Keyword: Problem-solving skill, pocket book. 

 
Introduction 

One of the physics learning purpose that grafted in minister’s regulation Number 

22 Years 2006 for high school is problme-solving hat including understanding problems, 

designing physics models, finishing models, and interpretating solution (Depdiknas, 2006). 

So, in the end of physics learning the students hoped will have a good problem-solving 

skill. 

 But, in fact based an observation has been done along PPL activity at August until 

November in 2014 shown that average from student especially class X SMA Negeri 2 

Banjarmasin still have difficulty in solving physic problems start from C3, C4 and C5 of 

Bloom’s tacsonomi that need step from understanding until conclusion or problem-solving 

steps. This matter can be an indicator that shown the students still lack in problem-sloving 

skill. This problem can be caused by lack from instructional media that can help the student 

to developed their problem-solving skill. 

 Instructional media that usually used in school is the text book which is thick and 

heavy. So make them lazy to open even to bring the text book. 

 Aqib (2013) said that,”Instructional media is anything that can be used to transfer 

an information or massage and stimulating to occur and study process to students”.  Pocket-

book can be describing as book with small-size and can put into a pocket so easy to bring 
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everywhere that containing short-complete-clear lesson subject. In this research pocket-

book that given to students in experiment class is a small book with 10 cm x 15 cm of size 

that assume enough if put into pocket. Pocket-book containing short-subject explanation of 

Temperature and Heat with example that has an solution with problem-solving steps. 

 The advantage of pocket-book according to Sulistyani (2013), is (1) uniformly in 

telling subject can be done, (2) using pocket-book can make learning activity more clear, 

fun and interesting, (3) using pocket-book that printed in small-size make students easy to 

bring and using everywhere and everytime so give an efficient in time and energy, (4) 

subject and formula written short and clearly so can increasing the quality of study result, 

and (5) pocket-book that has an interest design and full colour can grow a positive attitude 

of students toward learning activity and the subject. 

 Problem-solving is an thinking method. According to Faizi (2013) that when doing 

solving on a problem, can use many method, from search data until make conclusion. 

According to Wankat and Oreovicz (1993) there is seven steps in problem-solving hat is 

(1) I can solve a problem, (2) definition, (3) exploration, (4) make a plan, (5) do the plan, 

(6) looking back, (7) generalitation. According to national Council of teachers of 

Mathematic or NCTM (in Jainuri, 2014), the indicator of problem solving skill that is: (1) 

indentification the knowing elements, asking, and the enough information, (2) arrange the 

mathematics model, (3) applying strategy to solving the problem, (4) explanation and 

interpretation the result according the starting problem, and (5) use mathemtics wisely. And 

according to Polya (1973) problem-solving steps can be summary in four steps that is (1) 

understanding problem, (2) devising a plan, (3) carrying out the plan, and (4) looking back. 

Jainuri (2014) stated in scoring students’ problem-solving skill can the indicator that can 

be use are (1) indentification information or elements that knowing, (2) applying strategy 

to solve the problem and (3) explanation and interpreting the result. 

 From the explanation above, so the solution that offer from this research is give a 

printed instructional media that easy to bring with short-read explanation that has interested 

packaging that called pocket-book (Rahmawati, 2013). Tha pocket-book that want to give 

to students hopely can give positive effect and helping towards students problem-solving 

skill progressing. Pocket-book with interesting packaging hope can help students’ willing 

to study increasing and pocket-book that has example with solving steps can help students’ 

problem solving better. 

 Based on explanation above, so researcher doing a research with the title, “The 

Effect of Using Pocket Book Instructional Media Toward the Problem solving Skill if X 

Students in SMA Negeri 2 Banjarmasin”. The purpose from this rsearch is to know if using 
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instructional media pocket-book has an effect toward students’ problem-solving skill. 

 

Research Method 

 This research is quasi experiment research with nonequivalnts group pretest-

posttest design. The pretest-posttest design for this research is: 

 

Table 1.1 Research Design 

No. Class  Pretest Treatment  Posttest 

1. Eksperiment O1 X1 O2 

2. control O3 X2 O4 

(Adaptasi Sugiyono, 2013: 116) 

  

The population in this research is class X MS SMA Negeri 2 Banjarmasin’s student 

at 2014/2015 academic years with 6 class (MS1, MS 2, MS 3, MS 4, MS 5, MS 6) that has 

total 214 students. Sampling in this reasearch using cluster random sampling tecnic. The 

UTS score is analyzed to know the homogenity of research sample. 

 

Table 1.2 The homogenity test result of UTS with Oneway ANOVA 

Class  Eksperiment Class control Sig Conclusion  

X MS 1 X MS 5 0,77 Data homogeneous 

  

Data is obtained by test tecnic to know how far students’ understanding toward 

temperature and heat subject in essay form. The instrument in this research is Learning 

Result Test problem (THB) to measure of students’ problem-solving skill which give to 

students in experiment and control class in essay form that has 8 problems with categories 

start from C3, C4 and C5 as pretest and posttest. From the pretest and posttest result will 

see the effetivity value and effects by the treatment to the posttest result. Data is analyzed 

by descriptive analyze toward students’ problem-solving skill that is measured by students’ 

worksheet and posttest result. 

Analyze tecnic that is used in data pre-condition testing including normality and 

homogenity test. After the pre-condition is fulled, so can do hypothesis test. Analyzing of 

problem-solving skill divide to three aspec that is indentification the elements (write the 

know information and problem), solve the problem (write he formula and finishing the 

problem answer) and conclude the result. 
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Result and Discussion 

 From the pretest is obtained the result like in the table below: 

 

Table 1.3 Experiment and control class’ pretest result 

No. Class 
Score  Value  

Total  Average  Total  Average  

1. Eksperiment 529 14,69 551,04 15,31 

2. Control 383 10,64 398,96 11,08 

  

The result of pottest can be seen in the table below: 

 

Table 1.4 Experiment and control class’s posttest result 

No. Class 
Score  Value  

Total  Average  Total  Average  

1. Eksperiment 2181 60,58 2271,88 63,11 

2. Control 908 25,22 945,83 26,27 

  

After obtain the pretest and posttest score then do calculation to n-gain score to 

know the effect that occur at experiment and control class after is given the treatment. The 

n-gain score can be seen in the table below: 

 

Table 1.5 N-gain score to experiment and control class 

No. Class  
N-Gain value 

Average  Interpretation 

1. Eksperiment 0,59 Effective 

2. Control  0,18 Less effective 

 

 The pre-condition test that has been done is normality and homogenity test. Pre-

condition test is done o pretest score before the sample is given the treatment. 

 

 

 

Table 1.6 Normality test result by One-Sample Kolmogorov-Smirnov Test 

Class  Kolmogorov- Asymp. Sig Conclusion  
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Smirnov Z (2-tailed) 

Eksperiment 0,85 0,46 Normal distribution of data 

control 0,73 0,67 Normal distribution of data 

 

 After the normality test result is obtained, do th homogenity test by One-Way 

ANOVA with computer program, so obtain the pretest homoginity as: 

 

Table 1.7 Pretest homoginity result 

Data Class  N Sig Conclusion 

Pretest 
Eksperiment 36 

0,85 Data Homogeneous 
control 36 

 

 After doing normality and homoginity test toward he data then do the t-test to know 

if there is a difference n-gain score between experiment and control class. The sample 

amount is same and homogent then the formula which can use is Separated Varian t-test. 

Hypothesize for t-test in this research is: 

  

 Ho : There is no differrence problem solving skill to class X SMA Negeri 2 

banjarmasin students with pocket book instructional media and without it. 

 Ha : There is any differrence problem solving skill to class X SMA Negeri 2 

banjarmasin students with pocket book instructional media and without it. 

  

T-test result for n-gain from problem solving skill test can be seen in table below: 

 

Table 1.8 T-test result 

Data Class  t arithmetic t table conclusion 

N-gain 
Eksperiment 

10,76 1,67 Ho rejected 
control 

 

 Based to table above that stated Ho decline so can conlud that there is any difference 

to n-gain score between two class. After that knowing there is any difference, then do next 

test that is correlaion test to know if there is an effect from treatment toward experiment 

class posttest result. Hypothesis for correlation test in this research is: 

 Ho : There is no effect using instructional media pocket book toward problem 
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solving skill class X SMA Negeri 2 banjarmasin students. 

 Ha : There is an effect using instructional media pocket book toward problem 

solving skill class X SMA Negeri 2 banjarmasin students. 

Table 1.9 Correlation test result 

Class  r arithmetic r table Conclusion  

Eksperiment 0,98 0,39 Ho rejected 

 Based on correlation test result that has been done toward student’s worksheet 

average score and posttest experiment class is obtained result like Table 1.9 where is the 

value of r calculation as big as 0.98 and r table as big as 0.39 so r table > r calculation then 

Ho is declined that means there in an effect of using pocket book instructional media toward 

class X students’ problem solving skill in SMA Negeri 2 Banjarmasin and the positive r 

value its means that the treatment has positive effect toward students’ problem-solving skill. 

R value as big as 0.98 has a very high correlation. That fact shown that the treatmeant with 

using pocket book that has given to sample has a good effect toward students’ problem 

solving skill. The more in good quality of pocket book that give to students and the more 

the positive correlation value, then the more of increasing students’ problem solving skill. 

That means, the progressing is supporting each other where if the quality of pocket book is 

increased then students’ problem skill will be increasing too. 

 Problem solving skill can be observed from student’s test-answer sheet study 

result. Study result test is made based on problem solving skill aspecs that is indentification 

of knowing elements (aspec 1), applying strategies aspec to solved the problem (aspec 2), 

and explanation and interpretation result aspec (aspec 3). The pretest and posttest result 

according the aspecs view is: 

Table 1.10 The average of pretest-posttest result for each aspec of problem solving 

Class  Test 
Aspect 

Aspect 1 Aspect 2 Aspect 3 

Eksperiment class 
Pretest 10,25 4,14 0,28 

Posttest 28,22 18,83 13,53 

Control class 
Pretest 5,25 5,39 0,00 

Posttest 13,08 12,14 0,00 

 The table above shown that for the two class for the aspec 1 has a progressing 

because they are given an exercise abaout how to answering the problem with the same 

method that is statrt from write the knowing elements. But, because the experiment class 

has a pocket book that comprehensive by example problem with solution that use problem 
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solving steps, so the students’ can re-study individually, while control class’ student has a 

difficulty in answering problem exercise with the same method if their note is not complete 

and they don’t have pocket book. 

 From the table above also can be seen that the aspec 2 has progress like the aspec 

1. Same with he aspec 1, aspec 2 has progress in the two class. Because the two class has 

be exercised o answering the problem with problem solving method. But, experiment is 

facilitied by pocketbook with problem solving method to answering the example problem 

then the progress in experiment class is more than control class. 

 Fr the aspec 3, in the control class doesn’t has any changes that is still in zero. This 

matter can be caused although the student has been taught about problem solving steps until 

make an conclusion, the students can forget because they don’t have a note. Fot the 

experiment class student even they don’t have a note, the example problem with problem 

solving skill to found in their pocket book. 

 The research that has been done with give pocket book instructional media toward 

experiment class and without instructional media pocket book toward control clas obtained 

result that there in a big enough difference to problem solving posttest score between 

experiment class that study with pocket book and without pocketbook to control class. This 

matter shown that instructional media pocket book has positive effect toward student 

problem solving skill. Pocket book that is arranged by researcher and is given to experiment 

class student beside contain the extract subject of temperature and heat aslo contain 

examples of problem thay completed by solution with problem solving skill step that has 

been exercised in every meet and divided to three aspecs that include in scoring, so easier 

to student to individually study to solving problem with problem solving steps and with h 

small size of pocket book and practically to bring it everywhere to enable to student bring 

that pocket book where is they go so can be often to read and to learn individually and not 

just a school only. 

 Like the research that has beeb done by Sulistyani, that using media pocket book 

give different result toward the class who using it and not use it. The research also prove, 

beside has different study result, usiang media pocket book also can give efffect toward 

student’s problem solving skill positively. 

Conclusion and suggestion 

 According the result of researchment can be concluded that using pocket book as 

instructional media has an effect toward students’ problem solving skill in class X SMA 

Negeri 2 Banjarmasin with correlaition amount as big as 0.98. 

 For the other researcher that want to using instructional media pocket book or the 
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other form of instructional media in order to make better instructional media and more 

interesting from subject side and the media packaging. So can more attract the student 

attention. 
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Abstract 

ICT literacy has very important role in improving knowledge among society. ICT literacy 

is the use of digital technologies, communication tools, or networks to access, manage, 

integrate, evaluate, and create information that serve to improve knowledge among 

society. To improve ICT literacy among students in the Elementary School Teacher 

Education program in the subject of environmental waste processing, it is necessary to 

study a learning model that can train the skill. The aim of this research is to analyze the 

improvement of skills for ICT literacy among students in the Elementary School Teacher 

Education program through the project-based learning model with a product of a leaflet 

on environmental waste handling and processing. The research design was conducted by 

using a quasi-experiment matching-only pretest-posttest control group. It was conducted 

in Muhammadiyah University of Cirebon among students in the Elementary School 

Teacher Education program at second semester  of 2015. Sample of the research was 

collected by a cluster random sampling technique. The data were collected by pretest and 

posttest and questionnaires on students’ learning perception. They were analyzed by 

Mann-Whitney U test using SPSS for Windows version 16. The results indicate that there 

was a significant difference between control group and experimental group with the mean 

N-gains of 0.70 and 0.20 in experimental class and control class, respectively. It is 

concluded that the project-based enviromental waste processing learning with the product 

of a leaflet could improve the ICT skills among students in the Elementary School Teacher 

Education program. 

 

Keywords: Project-Based Learning, ICT Literacy, Environmental Waste Processing 

 

INTRODUCTION 

The development of science and technology, particularly communication and 

information technology, increasingly enablesstudents to access various sources of learning. 

Therefore, it is expected that students are globally competent, so that the high level of skills 

involving critical thinking, systematic, logical and creative thinking as well as active 

cooperative capability are required. However, based on preliminary observation, some 

students were less capable of mastering ICT, such as lack of skills in applyng Microsoft 

Word application for making a report, difficulty in searching keywords for complete 

information through internet, writing or citing of information from internet into a report, 

errors were found, and some students are not able to write the source of materials or 

information from internet into a bibliography. 

To improve the quality of human resources over times, as well as the development 

of science and technology, students were demanded to be able to understand and utilize the 
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ICT Literacy Skills in their learning. According to Sutrisno (2011), education plays a very 

important and strategic role in building knowledge-based society with skills: 1) ICT 

Literacy; 2) effective communication; 3) critical thinking; 4) problem solving; and 5) 

collaboration. The project-based learning was carried out by utilizing ICT in a 

collaborative, innovative, and  unique manner, and focused on problem solving associated 

with student life and society need. The project-based learning has great potentials to make 

the learning experiences more interesting and meaningful for students or traditional training 

for building work capacity (Gaer, 1998). 

According the findings research in the National Science Education Standards/NRC 

(Wenning, 2007), literate individuals can understand six main elements of scientific 

literacy, one of which is ICT literacy. The ICT literacy skills not only improve knowledge 

from information through internet facilities, but also can improve a high level of critical 

and creative thinking process, solve environmental problems, and process them into a 

complete report and integrated presentation media (Higgins, 2012). The application of 

project-based learning by utilizing ICT shows scientific phenomenon and draws 

conclusions as follows: 1) evidence-based scientific problems; 2) understanding the 

features of sciences as the forms of human knowledge and inquiry; 3) indicating concern 

about how science and technology influence information, intellectual and cultural 

environments; and 4) students’ engagement in problems and thoughts associated with 

science as reflective citizens (OECD, 2007). 

Several results of the study showed that scientific learning by the project-based 

learning model can make students having more meaningful understanding. Also, students 

were able to apply the content into daily life, learn collaboratively and improve skills by 

accessing their performance. A study by Regassa, (2009) showed that the project-based 

learning improved the students’ basic knowledge, self-confidence, critical thinking, and 

analyzing capacity. At the end of learning, both direct and indirect actions showed that most 

students gain self-confidence and knowledge required to solve the problems independently. 

The aim for this research is to improve skills for ICT literacy among student in f the 

Elementary School Teacher Education program through the project-based learning model 

with a product of a leaflet on environmental waste handling and processing. By the ICT 

literacy skills utilizing internet as a source of learning, the solution selected was to do a 

socialization activity for society with the product of a leaflet and a report of the student 

activity report, to improve knowledge and improve a high level of critical and creative 

thinking, to solve problems associated with environmental population in subject of the 

Basic Concepts of Natural Science. In accordance with Policy of Presidential Instruction 
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No. 6/2001, Presidential Decree No. 20/2006, Decree of the Ministry of National Education 

No. 50/P/2007, and mandate of UNESCO. That  is a part of the skills in the twentieth 

century, which is necessary for the  students as the needs to work at the global era. 

 

METHODOLOGY 

The study was conducted by using a quasi-experimental method with the Matching-

Only Pretest-Posttest Control Group Design (Fraenkel & Wallen, 2006). It involved two 

groups of students: first, the experimental group given a treatment with the project-based  

learning assisted by internet and, second, the control group given a conventional learning. 

Both groups were given pretest, treatment, and posttest. Change in result from the data of 

pretest and posttest was considered as a change caused by the treatment given to the 

subjects.  

Population in the research was students in the Elementary School Teacher Education 

program at the 2nd Semester in the academic year of 2015II in Muhammadiyah University 

of Cirebon, consist of ten classes. The sample was selected by a Cluster Random Sampling 

technique, i.e. class A6 consist of 20 students as the experimental group and class A9 

consist of 20 students as the control group. 

The instruments used in the study were (1) questions on the ICT literacy skills, (2) 

the students’ response on the learning. The data collected were analyzed on the basis of 

normalized gain score or N-Gain (Meltzer, 2002), with criteria of N-Gain values in table 1 

and the fromula of N-Gain was as follows:  

premaks

prepost

ss

ss
g






 

Table 1. Criteria of Normalized Gain (N-Gain) 

N- Gain Criteria of Improvement 

G < 0.3 Low Improvement 

0.3 < G < 0.7 Moderate Improvement 

G > 0.7 High Improvement 

(Meltzer, 2002) 

 

The data were processed by using SPSS for windows version 16.00. Kolmogorov-

Smirnov test was carried out for the normality of data distribution in the research. The 

Mann-Whitney-U test was carried to find out difference in ICT literacy skills. 
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RESULT AND DISCUSSION 

Results of the study were presented and discussed as follows: 

1. ICT Literacy Skills in the Project-Based Learning 

The results of the study on ICT literacy skills in the project-based enviromental waste 

processing learning among students in   the Elementary School Teacher Education Program 

showed the increase of  N-gain value. The increase of ICT literacy skills was showed in 

Table 2. 

Table 2. The Recapitulation of The Test on ICT Literacy Skills 

 

 

 

 

 

 

 

 

ICT literacy skills were measured in the research using five aspects (Kirch, I, 2007), 

i.e.: Access, Manage, Integrate, Evaluate, Create. Table 2 showed that the N-gain value 

among students in the project-based waste processing learning assisted by internet as a 

source of learning increased with the N-gain values of 0.7 in the experimental class in a 

‘high’ category and of 0.2 in the control class in a ‘low’ category. Although the values in 

both classess increased, the experimental class had better results compared to the control 

class. This can be seen from the results of mean difference test, indicating that the increase 

of ICT literacy skills among students in the project-based waste processing learning was 

significantly different with those among students given a conventional learning. 

The project-based learning assisted by internet in the subject of Konsep Dasar IPA 

on the Environmental Waste Processing is a constructive method in the deepening of 

learning by designing and conducting research on real problems relevant to their life. 

Consistent with Boud and Felleti in Purnawan (2007) Project Based Learning is a 

constructive method in learning by using problems as a stimulus and focused on students’ 

activity. 

The project-based learning in the research emphasized the active engagement of 

student in the real activity assisted by internet facility. In the process, students do not only 

learn the basic concepts of natural science but also the internalization of consept (meta-

Component ICT Literacy 

Experiment  Control  

Number of students (N) 20 20 

N- Gain 0,7 0,2 

Mean Difference of Mann Whitney Test 

Significance value (sig α=0.05) 0.00 

Conclusion  Ho was rejected 
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cognition) and then applied them in daily life for helping students solving the problems 

encountered. 

The research tried to combine the project-based learning assisted by internet facility 

as a source of learning with the end product of a leaflet using Microsoft Publisher and 

measured the ICT level. It is expected that it can develop the high level of critical and 

creative thinking and able to solve the waste-related waste and the eradication strategies. 

To find out the effectiveness in the project-based environmental waste processing 

learning assisted by internet in the improvement of ICT literacy skills among students, the 

N-Gain values of both classes were used for each indicator of ICT literacy. The data were 

presented in Figure 2 as follows: 

 

 

 

 

 

 

 

Figure 2. Comparison of the N-gain values of ICT Literacy Skills at Each 

Indicator 

Figure 2 showed that the ICT literacy skills increased, both in the experimental class 

and the control class. However, the ICT literacy skills of each indicator in the experimental 

class were higher than that in the control class. Difference in improvement was caused by 

the use of internet as a source of learning and information in each of the steps of the project-

based learning and the end step of learning required the students making product such as a 

report of the results of research and present it in a discussion forum through PowerPoint 

media and submit the data or the report through email as well as carried out a socialization 

by making a leaflet using the Microsoft Publisher. After the posttest was given to students, 

they were smoother in carrying out the tasks timely. 

 

2. Perception among Students as Prospective Teachers in Study Program of the 

Elementary School Teacher Education on Learning  

At the end step of learning, a questionnaire was given to the students on the project-

based learning assisted by internet in the experimental class. Generally the students in 

Study Program  the Elementary School Teacher Education Program given good responses 

to the implementation of the project-based learning assisted by internet. The results of the 
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study among the students can be presented in figure 3. 

 

 

Figure 3. Perception of Students in the Elementary School Teacher Education 

Program on the ICT Literacy in the Project-Based Environmental Waste 

Processing Learning 

Figure 3 showed that students seem to be enthusiast in the learning in the 

improvement of ICT literacy. In line with Purnawan (2007), the advantage of the project-

based learning is to build the students’ skills in critical thinking capacity, creativity, 

cooperation, cross-cultural understanding, communication skills, efficient technology, and 

learning independence. 

 

CONCLUSION 

The project-based learning assisted by internet with product of a leaflet can improve 

the ICT literacy skills among students in the Elementary School Teacher Education 

Program compared to the conventional learning model. Students in the Elementary School 

Teacher Education given very good response on the learning model in the subject of Konsep 

Dasar IPA with materials of Environmental Waste Processing. 
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Abstract 

Analysis of learning in the 21st century requires the rapid development of technology to 

contribute to the development of education that demands the integration of technology into learning. 

The use of media technology gives a significant influence that makes learning more interesting and 

learners get the stimulating effects with the media. Technological developments require educators 

be more creative and innovative in delivering the learning and applying it to students. Competent 

educators should also be able to prepare students who can think critically, logically and creatively, 

this is referred to as Higher Order Thinking Skills (HOTS). Student can argue correctly and 

comprehensively thinking in solving real-life problems in accordance with the challenges of this 

century, both locally and globally. Therefore, it is important to foster creativity and innovation 

through learning science, especially physics that is closely related to the development of technology, 

so that learners are able to compete on a global level. As a technology products, smartphone has 

opportunity to be used in learning activities. Smartphone technology allows students to access and 

shared learning that is not limited by space. The output of the learning process is intended to gain a 

better understanding in the use of smartphones in education today. Overall, this study is found as a 

positive impact in the use of smartphones in learning, one of them to improve performance, 

productivity, persistence and motivation. Students can integrate the experience in their life, and 

social environment,  smartphones changes students’s attitudes towards physics. In this study raised 

the issue of transitional use of smartphones in Indonesia, its effectiveness in learning, and to increase 

the students Physics HOTS and how perceptions of teachers and students in Indonesia in the use of 

smartphones to learning physics. This study also suggests further research and the use of learning 

activities in the field of the use of smartphones, the use of every student's learning activities that 

could affect the physics inside and outside the classroom. 

 

Keywords: Integration of Technology, Smartphone, Learning, HOTS, Attitude towards Physics 

 

INTRODUCTION 

The development of science and technology in the current era of globalization is 

growing so rapidly. Influence the development of these technologies are already being felt 

in many areas of human life, one of them in education. Technological developments 

prosecute perpetrators of education to improve the quality of education so that the resulting 

human resources can compete in today's era of globalization. In particular in the fields of 

education, technology participate become part of the development for the achievement of 

educational goals both nationally and internationally. 

But it is not fully utilized in the field of education, especially in the field of teaching. 

Teaching system that does not use the existing technological development, making it 
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increasingly lagging teaching system. Still use old-fashioned learning system and not 

combined with the development of existing technologies make it increasingly unattractive 

lessons interests of learners. Teaching system used by teachers sometimes often make the 

lesson very heavy. And make students give up in the deal, so that the subject becomes a 

field of teaching which is not preferred. 

 

A. Transitional Use of Smartphones in Indonesia 

Suyoso & Nurohman (2014) stated that in the world of education has not been a lot 

of education practitioners who utilize optimally the progress of ICT in the learning process. 

Jeng, Y., L., et al., (2010: 6) states that "the advance of pervasive technologies Brings 

opportunities for educators to design interactive learning activities". The opinion means 

that the technological advances brought an opportunity for educators to design interactive 

learning activities. Besides advances in Information and Communication Technology (ICT) 

has helped many human activities. With the ICT enables man to escape from the constraints 

of space and time. The rapid development of ICTs present an opportunity for education to 

provide learning resources that can be used anytime and anywhere. 

One of the devices are in widespread use of ICT is a smartphone. Learning that 

utilizes smartphones or mobile phones to provide subject matter known as m-learning. 

Peters (2010: 119) states "M-learning Also creates learning opportunities that are 

significantly different to Reviews those provided by e-learning (at a desktop) or paper-

based distance". It means that the M-learning in different learning with e-learning and 

learning to use the book. 

Ally (2009: 1) states "mobile learning through the use of wireless mobile technology 

Allows anyone to access information and learning materials from anywhere and at 

anytime". Opinion was explained that the m-learning can help learners to always connect 

with information and subject matter in various places and times. Thus, students can have 

some control when they want to learn and from which locations they want to learn. Learners 

do not have to wait a certain time to study or go to a certain place to learn. M-learning is 

also providing services to learners in accordance with their needs. This is consistent with 

the statement by Traxler (2009: 14) that "learning that used to be delivered" just-in-case 

"can now be delivered " juice-in-time, just enough, and just-for-me ". 

 

 

Smartphones are becoming the trend of today and the very rapid growth is android. 

Smartphone has capabilities such as a computer, and usually has a large screen and 
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operating system capable of running multiple applications. Android Smartphone as one of 

the products of technology that can be a medium for the delivery of interactive learning 

that is appropriate for high school level students / MA because almost every student make 

it as goods that can never be separated from daily life. The statistic shows the number of 

smartphone users in 2014, around 38 million people in Indonesia used a smartphone.  

 

http://www.statista.com/statistics/266729/smartphone-users-in-indonesia/ 

The number of mobile phone users in Indonesia could more than double to 100 

million by 2010 as a low penetration rate in the world's fourth most Populous country offers 

huge potential. However, the mobile penetration rate in Indonesia is low Compared with 

Malaysia, where around two-thirds of the population has access to mobile phones. Thailand 

Also has a penetration rate of around 46% (The Edge Daily, 2006). Therefore, with the 

development of technology in the form of a smartphone can be used in education, especially 

in the learning process. 

 

B. Using Smartphones to Increase Student’s Physics HOTS  

Education has to be an active role in preparing educated human resources in other  

to face various challenges in globalization era. Elkjaer (2009: 74), "a theory of learning for 

the future advocates the teaching of a preparedness to respond in a creative way to 

difference and otherness. This includes an ability to act imaginatively in situations of 

uncertainties ". This opinion means that the further  learning should promote creativity in 

addressing the differences and the changeable conditions. This opinion was supported by 

Munir (2009), education is the source of the nation's progress which is very crucial to 

determine the nation's competitiveness such as locally, regionally, nationally, and 

internationally. 

In education, besides to promoting the creativity, the role of critical thinking skills is 

also important. Learners who do not think critically tend to receive raw information 
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delivered by the teacher. Whereas, critical-minded learners who are able to access 

information conveyed by the teacher. They can understand whether  the information 

delivered by teacher was incompatible with the truth or contradictory between information. 

In other to fulfill this information, smartphones has an opportunity as a source and 

digital learning media which can be used by learners to expand the information. Learners 

are able to develop the ability to argue through clarifying using relevant and significant 

reasons refered to the development of higher order thinking skills of learners. 

As a product of computer technology, the smartphone has a change to be used as 

instruments that support cognitive processes that extend people's cognitive capacity, they 

can be Described as cognitive tools (van Joolingen, 1999). Computers would then function 

as an extension of the mind that supports and represents cognitive processes (van Joolingen, 

1999). A Smartphone based cognitive tool is a learning tool that Allows students to 

"articulate Reviews their thought processes, solve problems, engage in collaborative 

processes and think" (Kennedy & McNaught, 2007; p. 926). 

Gilakjani et al. (2013; p. 58) maintain that technology is being used Effectively in a 

classroom context "where the technology supports and scaffolds the learning rather than 

being the object or derivative of the learning". They point out that there is a clear distinction 

"between learning from computers and learning with computers". Jonassen, Carr and Yueh 

(1998; p. 24) argue that technology should be used as a tool that learners learn with, not 

from, rather than a medium of communication that acts like a teacher that instructs the 

learner. This would allow the learner to act as a designer and the computer to function as a 

tool that interprets and organizes Reviews their personal knowledge (Jonassen et al., 1998). 

Technology serving as an intellectual partner does not mean that Reviews these tools 

reduce the amount of information processing required of the learner, but rather that they 

support learning by allowing the learner to the make effective use of Reviews their mental 

Efforts (Jonassen, 2006; Jonassen et al. 1998; Kirscher & Wopereis, 2003). Jonassen (2006; 

p. 21) puts forward that this is Because students can not use cognitive tools "without 

thinking deeply about the content they are learning". It is unlikely that conceptual change 

will take place when a learner Engages with information at a superficial level or when an 

attempt is being made to simply memorize the information for the purpose of an 

examination (Jonassen, 2006). Conceptual change takes place when learners Participate in 

tasks that require conceptualization (Jonassen, 2006). 

More meaningful learning may take place when learners "use computers to apply 

higher-order skills such as problem solving simulations rather than drill and practice 

exercises" (Gilakjani et al., 2013; p. 52). Metacognition is an important requirement of 
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conceptual change. This Involves learners' thinking about Reviews their own cognition 

"and making a conscious effort" to reorganize Reviews their own understanding "(Liu et 

al., 2013; p. 2). 

The purpose of learning physics give an idea to the students about how physicists 

see the world to get satisfaction in understanding and predicting the results of the activities 

that occur arround the nature surroundings to get rewards in the world of technology, to 

capable of taking decisions, and to learn how to ask (Zitzewitz: 1995: 54). In physics 

learning, learners need to be taught of full science abilities which includes the scientific 

attitude, scientific process and scientific products then students can learn independently to 

get best results. In line with the nature of science, science should be conducted in scientific 

inquiry to cultivate the thingking ability working having and scientific attitude and to 

communicate it as an important aspect of life (MONE, 2006b: 377), this ability is known 

as higher order thinking skills or HOTS. 

Physics HOTS refer to a physics higher order thinking skills (Physics Higher Order 

Thingking Skill), which includes the physics ability of analyzing, evaluating, and creating 

(Istiyono, E. 2014). Based on revised Bloom's taxonomy, namely the ability to analyze 

(analyze), evaluate (Evaluate), and create (create) (Anderson & Krathwohl, 2001, p.30). 

Aspects of the ability of physics higher order thingking skills or Physics HOTS are 

described in Table. 

Table. Aspects of Physics HOTS 

No. Aspect Indicator 

1.  Analyzing Differentiating 

Sorting 

Finding special character 

2. Evaluating checking 

Criticize 

3. Creating 

 

Giving idea 

Planning 

Producing 

 

According to Brookhart (2010, p.5) higher order thinking skills (HOTS) are (1) 

higher order thinking is on the top of Bloom's cognitive taxonomy (2) the aim of teaching 

behind on cognitive taxonomy is to facilitate the learner in transfering knowledge, (3) being 

able to think means that learners are able to apply the knowledge and skills developed 

during studying in a new context. In this case, the meaning of new is the application of the 
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concept which has not been thought by learners, before but the concept has been taught, it 

means that it did not match with new universal. Higher order thinking means the ability of 

learners to connect learning with other things which have never been taught. 

Higher order thinking skills including critical thinking skills, creative thinking, and 

problem solving. Cottrell (2005: 1) argues that "Critical thinking is a cognitive activity, 

which means that critical thinking is a cognitive activity, which is associated with the use 

of the mind. 

Critical thinking skills have a very important role in human life. This is supported 

by Barell (2003), which emphasizes that the ability of critical thinking is one of the most 

important elements that must be achieved by implementing a learning curriculum. So 

education has a responsibility to print the learners become a man who can think critically. 

In line with this, the Hunter (2009) argues that in fact the main task of every educational 

unit is printing graduates are able to think critically in accordance with their respective 

scientific field. In learning, physics teacher should not only teach physical science products 

to students, but also train them to be able to think critically and creatively in solving 

problems of physical phenomena encountered in daily life. The logical consequence of this 

demand is the study conducted at the school should support the development of critical 

thinking skills and creative learners. The development of critical thinking skills and 

creative learners should be done by integrating the learning process at school. 

Anderson & Krathwohl (2010) defines the dimensions of evaluation as a dimension 

where there is a decision based on specific criteria and standards. The criteria normally 

used is the quality, effectiveness, efficient, and consistency. Johnson (2009: 183), creative 

thinking is a mental activities that foster original ideas and new insights. Johnson (2009) 

adds that creative thinking is a habit of mind that is trained to pay attention to intuition, 

imagination turn, reveals new possibilities, create stunning viewpoints, and generate ideas 

unexpected. Munandar (2004: 37) said "Some personal characteristics of creative namely: 

imaginative, have initiative, have a broad interest, independent thinking, adventurous, 

energetic, confident, willing to take risks. From the description can be concluded that the 

characteristics of creative, among others: 

a. Free to think and act 

b. Initiative fosters curiosity 

c. Believe in yourself 

d. Have a good imagination 

 

C. Perception of Teachers and Students In The Use of Smartphones and The Impact 
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of Their Use In Teaching In Indonesia 

Generally, the teachers hold are relatively positive view of mobile learning. With 

regard to the 'flexibility' of mobile learning classroom, teachers are in agreement that 

mobile learning will be Able to provide students with learning activities Regardless of time 

and place. Similarly, teachers Also Responded either "agree or strongly agree 'on their' 

readiness' the which is important for the success of mobile learning delivery. On the other 

hand, teachers are about in agreement on their perceptions towards the 'effectiveness' of 

using mobile learning for helping students, on 'collaboration' needed Among the 

stakeholders for the success of mobile learning delivery, and of 'restriction' they faced in 

implementing mobile devices in mobile learning classrooms (Annamalai, 2011). 

Mobile learning, conceptualized here as the delivery of learning via technologies that 

are not fixed in a permanent place, it is the subject of increasing scholarship in the published 

literature. Mobile learning has been conceptualized from multiple perspectives, Including 

activity theory (Uden 2007; Mayor, Winters, & Oliver, 2008), learning communities 

(Danaher, Moriarty, and Danaher, 2009), and learning theory (Sharples, Taylor, & Vavoula, 

2007). Mo¬bile learning has been evaluated with regard to its utility across Several fronts, 

Including in relation to promoting cooperative and collaborative learning (Motiwalla, 

2007), enhancing environmental awareness (Uzunboylu, Cavus, and Ercag, 2009), and 

maximizing the Attainment of critical thinking skills (Cavus & Uzunboylu, 2009). Mobile 

learning has been used equally Effectively in engaging with children (Druin, 2009; Kim, 

Miranda, & Olaciregui, 2008; Kurti, Spilol, & Milrad, 2008) and in higher education 

settings (Alexander, 2004; Herrington & Herrington, 2007). 

One Potentially useful strategy for matching prospective interrogating this is to 

identify and analyze the ways in the which students currently perceive and use wireless 

handheld devices (see also Patten, Armedillo Sánchez, & Tangney, 2006). If Reviews those 

students see Reviews those devices as helping to blend Reviews their synchronous and 

asynchronous learning without being tied to predetermined physical locations, and are 

already using the devices in that way, universities have a strong foundation for building on 

student ownership and technological capability (Gururajan , 2012). 

Among other themes, the literature that has comprised an examination of the impact 

of such an environment on student’s learning behaviors and performance (Wang, Shen, 

Novak, & Pan, 2008), issues in designing Appropriate instruction for digital natives (Wu, 

2009), one approach to structuring the combination of blended and mobile learning 

(Diamantini & Pieri, 2008), a research-based pedagogical guidelines for maximizing the 

benefits of that combination (Sims, Burke, Metcalf, & Salas, 2008) , and interrogating the 
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extent to the which that combination constitutes a new educational paradigm (Zawacki 

Richter, Brown, & Delport, 2007). 
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Abstract 
This study aims to provide an overview to prospective educators and educators 

about the importance of improving students' problem solving skills. Many students are 

able to solve problems that are theoretical, but students still have not been able to apply 

knowledge to solve problems that occur in daily life. This shows the problem solving 

skills of students is still low. Curriculum 2013 enacted with the aim of preparing human 

resources able to challenge 21st century competences, consisting of foundational 

knowledge (to know), meta knowledge (to act), and humanistic knowledge (to value). 

One of the competences in meta knowledge is problem solving skills. Problem solving 

skills are necessary to be trained in science learning in order to produce high quality 

outcomes. 

One of the effort to improve the problem solving skills of students by 

implementing experiential learning models. Experiential learning model is a model of 

learning that enable students to develop the knowledge, skills, values and attitudes 

through direct experience. With experience, the students actively think about what they 

learned then apply them in real situations. Thus, the learning will be more meaningful. 

Students' knowledge gained through direct experience can be used to acquire new 

knowledge and to solve problems that occur in daily life. This study contains a description 

of the sense of problem solving, step problem solving, experiential learning model, and 

the syntax experiential learning model in science teaching. 

 

Keyword: problem solving skills, 21st century competences, experiential learning model  

 

INTRODUCTION 

Actually education aim to produce high quality outcomes, which is able to answer 

the challenge of 21st century competences. As the development of science and technology, 

challenges that human face is great. Therefore, it is necessary to reform in education in 

accordance with the demands of the times. Education consists of knowledge, attitudes, and 

skills to solve problems. Problems that faced in the past is different from the problems 

faced in the present and will be slightly different in the future. In the past humans are faced 

with the problem of subsistence, but now faced with the advancement of information 

technology, and in the future humans are faced with more complex problems. 

One of the efforts that can be done to face the global challenges is to prepare young 

generation who have 21st century competences. The 21st century competences consists of 

foundational knowledge (to know), meta knowledge (to act), and humanistic knowledge 

(to value) (Kereluik et al., 2013). Equiping students with the foundational knowledge 

includes a basic knowledge of digital literacy/ICT, essential materials of disciplines, and 

knowledge across disciplines. Meta knowledge equip students to be able to act 

independently, including creativity and innovation, critical thinking skills and problem 
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solving, and the ability to communicate and collaborate. Humanistic knowledge includes 

life skills and work skills, emotional awareness, and ethnic and cultural competence 

(Ibrahim, 2014). 

 

DISCUSSION 

Problem solving skills is one of the skills that must be trained and used to in science 

learning at school especially in science learning. Problem solving skills become an 

important part of learning because human life is always faced with a problem. The problem 

is a question or issue that is not clear so that needs to be tested and solved (Jonassen, 2011: 

1). Problem solving skills is basically the essence of objectives learning that become 

student needs in the facing of real life. When students are used in problem solving, it is 

expected students will be able to solve the problems that occur in real life. Problem solving 

skills are defined as the behavior of individuals or groups through the cognitive-affective 

processes to identify and find an effective way to solve the problems found in daily life 

(Yigiter, 2013).  

Problem solving is the highest level and more complex learning. The process of 

thinking in problem solving requires skill in managing and organizing knowledge gained 

then applied in the process of problem solving (Shafi'i and Yasin, 2013). Problem solving, 

whether simple or complex requires a wide range of cognitive skills, particularly those 

acquired through direct experience. Cognitive skills required in solving is not only the 

amount of knowledge of student’s have, but also the quality of knowledge. When humans 

are faced with a new problem which solution is not yet known, the first done is to try to 

remember a similar problem, ever solved before. The past solution had been applied now 

reused to solve new problems. If the solution is appropriate, new problems can be solved. 

However, if the solution is irrelevant, people need to revise or change with another solution, 

then apply it to solve the problem. If solution can solve the problem, the solution will be 

stored in memory that someday will be reused to apply to other problems. 

Problem solving can be done through the five steps known as the IDEAL as follows 

(Bransford & Stein, 1984: 12). 

1. Identifying potential problems 

Identifying problem does not mean encourage students to look for problems, but invites 

students to recognize the problem that is happening. This is important because in general 

the students more emphasis on solving problems without recognizing the problem first 

that actually happened. If the problem is not identified beforehand, the students do not 

know the subject matter so the solution is applied less suitable. Identifying problem can 
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be done with 6W questions (who, what, when, where, why, and what if) or SWOT 

analisys (strengths, weaknesses, opportunities, and threats). 

2. Defining and representing the problem 

After students identify a problem, the next step students define the problem that 

occurred. Activity of defining this issue is important because of different definitions will 

affect treatment (problem-solving solutions). 

3. Exploring possible strategies 

After the problem is defined, the students can look for some alternative solutions that 

may be applied to solve the problem as effective as possible. 

4. Acting on reviews those strategies 

Based on alternative solutions to the problems that have been excavated, considered one 

of the most effective solutions that can solve the problem. The selected solution is then 

applied to the problem to be solved. 

5. Looking back and evaluate the effects of reviews those strategies 

Students can not really know the most effective solution before the solution is applied 

and then see the effect. If the chosen solution can really solve the problem effectively, 

the solution can be stored in memory so that if someday required for a similar problem, 

the students immediately dig into his memory. If selected solutions chosen are less able 

to solve the problem, students choose one of the alternative solutions ever excavated. 

The way of problem solving back to the step number three, then proceed to the next 

number. Students do problem solving by trial and error. 

Sujarwanto, Hidayat, and Wartono (2014) suggests a five-step problem solving, 

namely (a) visualize the problem, (b) describe the problem, (c) plan the solution, (d) 

execute the plan, and (e) check and evaluate solutions. There are some obstacles that 

encountered in the training of problem solving skills in science learning, namely: 

1. Rote learning. Learning by rote is not encouraging the development of thinking skills 

(reasoning). Learning to memorize something usually only learn the facts independently 

and is not connected with other facts or with the core of the problem. 

2. The problem that is discussed in the classroom often a problem contained in fantasy or 

metaphor. Supposedly the emphasis focused on the real problems faced by students. 

Meanwhile the teaching method should be emphasized on methods of solving the 

problem, instead of looking for answers in the book. 

One of the efforts to train students' problem solving skills is by learning science using 

experiential learning model. Kolb (Sharlanova, 2004) learning is a process of creating 

knowledge through the transformation of experience. The statement followed John 
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Dewey’s theory about the importance of experience in education. The learning experience 

acquired when students involve actively in the learning process. If students are actively 

involved in the learning process, students will learn much better, because in the learning 

process students actively thinking about what they learned then apply them in real 

situations. 

Experiential learning model is a model of learning that enable students to develop 

the knowledge, skills, values and attitudes through direct experience (Hosnan, 2014). 

Experiential learning model is not only provides an opportunity for students to see and hear, 

but also students can act and feel what happened, so that learning becomes more 

meaningful, and the knowledge gained will be more remembered by students. Experiential 

learning model can grow up the way thinking and acting that reflect the mastery of 

knowledge, process skills, and scientific attitudes of the students (Agustiani, Sports, & 

Riastini, 2014). On experiential learning model, students are not just learning in the 

classroom, but also learn through daily experiences related to science. Experiential learning 

model can also train students to be able to speak in front of his friends so they can increase 

the confidence of students, discuss, and work together (Warsito, 2015). 

Experiential learning model follow six assumptions (Clark, Threeton, & Ewing, 

2010) as follows. 

1. Learning is a process, not just focus on results. 

2. All learning is basically a repetition of learning. Provide a good learning process that 

describes beliefs and ideas about a topic so that students can examine, test, and integrate 

with new ideas. 

3. Learning requires problem solving of each other 

4. Learning is a thorough process to adapt with nature. Learning involves the integrated 

function of the process of thinking, feeling, watching, and doing. 

5. Learning is the result of the interaction between man and his environment. 

6. Learning is a process of acquiring / creating knowledge. 

Experiential learning model consists of four stages, 1) concrete experience, 2) 

reflective observation, 3) abstract conceptualization, and 4) active experimentation. The 

fourth stage is described in Figure 1. 
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Figure 6. Step of Experiential Learning Model  

(Clark, Threeton, & Ewing, 2010) 

The learning process starts from concrete experience. The experience then reflected 

individually. In the process of reflection students will try to understand what is happening. 

This reflection is the basis of conceptualization or the process of understanding the 

principles that underlie the experiences and the estimation of probability application in the 

other situation. The implementation process is a situation or context that allows the 

application of concepts have been mastered. The possibility of learning through the 

experiences of real then reflected by reviewing what he had done. The experience that has 

been reflected then rearranged to form new notions or abstract concepts that will be a guide 

for the creation of experiences or new behaviors. 

Experiential learning model has some advantages, as follows (Hosnan, 2014). 

1. Improving the spirit and passion of the students. 

2. Supporting the creation of a conducive learning atmosphere. 

3. Bringing up the excitement in the learning process. 

4. Encouraging and developing creative thinking processes. 

5. Helping students to be able to see it in a different perspective. 

6. Raising awareness of the need for change. 

7. Strengthen self-awareness. 

8. Increasing the involvement in problem solving and decision making. 

The weakness of the learning experiential learning model is allocation of time for 

learning that require a relatively long time (Munif & Mosik, 2009). 
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CONCLUSION AND SUGGESTION 

Education consists of knowledge, attitudes, and skills to solve problems. Problem 

solving, whether simple or complex requires a wide range of cognitive skills, particularly 

those acquired through direct experience. Cognitive skills required in problem solving is 

not only the amount of knowledge of students, but also the quality of knowledge. Problem 

solving can be done through the five steps known as the IDEAL include: Identifying 

potential problems; Defining and representing the problem, Exploring possible strategies, 

Acting on Reviews those strategies, and Looking back and Evaluate the effects of Reviews 

those strategies. One of the efforts to train students' problem solving skills is by learning 

science using experiential learning model. Experiential learning model is a model of 

science learning that enable students to develop the knowledge, skills, values and attitudes 

through direct experience. Experiential learning model consists of four stages, namely 1) 

concrete experience, 2) reflective observation, 3) abstract conceptualization, and 4) active 

experimentation. 
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Abstract 

This study aimed to know the development of critical thinking skills of secondary school 

students in science learning by using the integrated model of levels of inquiry.Observations indicate  

that science learning activities in the classroom has not been able to facilitate the development 

critical thinking skills especially in training and measuring it precisely. It causes the students have 

not been able to construct knowledge independently, so that the knowledge of students are less 

meaningful. Levels of inquiry model is seen to have ways that can train critical thinking, therefore 

the purpose of this study was to determine the development of critical thinking on junior high school 

students in learning science. The instrument used was adapted from a standardized test of critical 

thinking that is Cornell Critical Thinking Skills. This study uses quantitative descriptive and research 

design is one group pretest-posttest design. Samples in this study were 30 students on one of  junior 

high school in Bandung. Results shows that there is an increase in quantitative of critical thinking 

though the value is not high. In addition there is also the development of critical thinking based on 

the percentage of students that indicated worksheets, videos transcript and feasibility levels of 

Inquiry model.  

 

Keyword: Critical Thinking, Science, Levels of Inquiry 

 

INTRODUCTION 

Critical thinking skills is not a skill that can evolve by itself. These skills must be 

trained through a stimulus that requires to think critically. School as an institution of 

education providers have a responsibility to help students develop critical thinking skills 

(Rustaman, 2007). The development of critical thinking in accordance with the purpose of 

science subjects in the curriculum.   

Based on direct observation in a junior high school in Bandung, it can be said that 

the goal of learning science to develop scientific and critical thinking panalaran less 

achieved. It is based on the following findings:1) The results of the interview, which is 

conducted by one of the science teachers stated that classroom learning is not based on a 

thorough inquiry because it is still rarely performed experiments, besides there are 

difficulties in developing critical because of the type of questions that digunakanpun still a 

matter of rote and, without ever trying to use standardized tests. So it does not require 

students to think critically and tend to just memorize formulas. Occasionally conducted 

inquiry in learning but not fully engage students in scientific inquiry and plan an 

experiment. Though scientific investigation and knowledge content interconnected to 
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underlie the development of scientific thinking. 2) The observations, conducted at the same 

school show that learning did not facilitate the development of higher level thinking, ie 

critical thinking. Do not facilitate the development of critical thinking is generally seen as 

the learning is done with the lecture method. Lessons like these are less involved in the 

learning process (teacher center) so that students only receive knowledge that is so 

delivered beforehand without build knowledge itself. This causes the students only learn 

science at tendah cognitive domains that are not accustomed to developing the potential of 

thinking, including the potential for critical thinking. Paul Eggen and June Main (2001) 

says that the critical thinking skills can be developed through learning science, assuming 

berdasae learning process on the principle of active learning. 

Then based on the results of preliminary studies, it can be concluded that the 

learning activities have not been able to facilitate the development of critical thinking, 

especially on training and measure it precisely. This causes the students have not been able 

to construct knowledge independently, so that the knowledge students are less meaningful. 

When it should be, when students mengontruksi own knowledge, then learning will be 

more meaningful and memorable in the long term. In addition, students are only able to 

solve problems and make decisions about what is taught without being able to relate to the 

application of the material. This causes low ability of students to think critically. The 

essence of the reform of science education today is a shift from traditional teaching, low-

level algorithmic thinking skills to spur learning thinking skills tinggkat steeper ie critical 

thinking (Rustaman, 2007). 

Some earlier research had successfully implement the learning levels of inquiry in 

physics and had done research on the Levels of inquiry on integrated science teaching, 

especially to develop critical thinking skills. Based on the background as disclosed above, 

the researchers are interested in knowing the development of critical thinking in learning 

science by using the integrated model of levels of inquiry 

An alternative solution is seen to overcome this problem is to apply the inquiry 

model. There have been many teachers who implement various types of inquiry such as 

discovery learning approach, guided inquiry, or free inquiry in science learning. But the 

fact remains that the teacher simply apply without any comprehensive understanding of the 

use (Wenning, 2010, p 11). As a result, many approaches inquiry in schools that applied 

intermittently (disconnected process), the process is not systematic (random inquiry 

processes) and often fail melatihkan intellectual processes skills that are useful to develop 

students' understanding (Wenning 2010, p 10; 2011, p 17) , 
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Wenning (2014) states that belong to the critical thinking skills of intellectual 

processes, so both should be practiced with a systematic and comprehensive inquiry that 

the levels of inquiry learning model. Levels of inquiry is a unipolar circuit models of 

inquiry consisting of six levels starting with the basic level to the highest level. The level 

is discovery learning, interactive demonstrative, lesson inquiry, inquiry lab, real-world 

application and hypothetical inquiry. (Wenning 2005). The sixth stage is sorted by the 

intellectual abilities of students and the controller. The higher the level of inquiry the higher 

intellectual abilities. Wenning (2005) explains that the inquiry carried out systematically 

impact the knowledge transfer process run more effectively. 

Critical thinking is the thinking reasonable / unreasonable (reasonable) and 

reflective (reflective) that is focused to take decisions about what to believe (Ennis, 1985), 

"Critical thinking is reasonable and reflective thinking focused on Deciding what to believe 

or do." Reasonable means based on the facts to make the best decision. Reflective means 

searching consciously and unequivocally the best possible solutions. 

Table 1. Matrix linkages aspects of LOI with critical thinking 

Levels of 

inquiry 

Student Activity 

Description 
Intellectual Process Skills 

Aspects of 

Critical Thinking 

Skills 

Discovery 

Learning 

Students develop 

a concept based 

on direct 

experience 

Rudimentary skills : 

Observe, formulate concepts, 

estimate, make inferences, 

communicate the results, 

classifying or grouping results 

Clarify the basis of 

the problem 

 

Interactive 

Demonstration 

Students engage 

in explanations 

and predictions 

Basic skills : 

Predict, explain, predict, acquire 

and process data, formulate and 

revise scientific explanations 

using logic and evidence, 

recognizing and analyzing the 

explanations obtained from the 

demonstration 

Collecting basic 

information 

 

Inquiry Lesson Students identify 

scientific 

principles or 

Intermediate Skills : 

Measure, collect and record 

data, create tables of data 

Making 

conclusions 
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Levels of 

inquiry 

Student Activity 

Description 
Intellectual Process Skills 

Aspects of 

Critical Thinking 

Skills 

relationships observations, design and 

conduct scientific investigations, 

use technology and mathematics 

during an investigation, 

describes the relationship 

Inquiry Lab Students establish 

empirical law 

based on the 

measurement of 

variables 

Integrated Skills : 

Measure, the law establishes a 

basic empirical evidence and 

logic, design and conduct 

scientific investigations, use 

technology and mathematics 

during investigation 

Clarify further and 

reach the best 

conclusion 

 

 

Levels of inquiry is a learning model based on John Dewey's theory of experiential 

learning. Application of experiential learning develops from learning cycle until the latest 

Levels of inquiry. Carl J. Wenning develop inquiry unipolar circuit consisting of six levels 

starting with the basic level to the highest known levels of inquiry. The levels in between, 

Discovery Learning, Interactive Demosntration, Inquiry lesson, inquiry Lab, Real Word 

Application and Hypotetical Inquiry (Wenning 2010). 

 

Figure 1. Stages levels of inquiry 

 

RESEARCH METHOD  

The research design used is one group pretest-posttest design. The sampling 

technique used is purposive sampling is taking samples from the members of the population 

carried out by certain considerations. The location was used in this study is one of the Junior 

High School (SMP) State in Bandung. The reason the researchers chose that location 

because the school has a proper laboratory facilities, equipment experiment in the school 
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is complete and has been teraktreditasi A, so the researchers assume the school is fit to do 

the data retrieval. Other test instruments used is a critical thinking test instruments in the 

form of multiple choice.  

Critical thinking skills test is adapted from the standard test of critical thinking 

skills, the Cornell Critical Thinking Skills Test. This study used the Cornell critical thinking 

test level X, because the average age of junior high school students in Indonesia 13-15 

years. And samples used in this study had an average age of 13 years. This test consists of 

76 questions. 

Table 2. Details of Cornell critical thinking test level X instrument 

No. 
Aspect of Critical Thinking 

critical thinking skills tested 
Question Number  

Number of 

Question 

1 Induction 3 – 25, 48, 50 25 

2 Deduktion 52 – 65, 67 – 76 24 

3 Observation dan credibility 27 – 50 24 

4 identifying assumptions 67 – 76 10 

 

This research begins with a pretest in class at the first meeting (3x40 minutes) to 

determine the initial capability of the students. Collecting data on the implementation of 

the research study carried out by the class teacher with the topic of motion. Observations 

conducted by five people, one person as the researchers themselves to observe the student 

activity during learning activities and observe the use of the model feasibility levels of 

inquiry and four others to observe the activity of students for each group. During the 

implementation of the study, researchers assessed each activity performed in the learning 

process, in terms of adherence to the model levels of inquiry, the activities and attitudes of 

students were observed using video recording and all the bundles of documents from each 

student was observed to determine the development of scientific thought of each meeting , 

Researchers actually observe and describe all of the processes that occur from initial data 

collection to final data retrieval. At the end of the study conducted posttest administration. 

 

RESULT AND DISCUSSION  

Result 

Critical thinking skills that are analyzed include the description of the overall 

critical thinking skills, critical thinking skills every aspect, and the development of critical 

thinking of students in each sub subject. Picture of critical thinking skills can be gained by 

looking at the position of the ability of the students in the group, because there are no 
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standard criteria for critical thinking levels (high, medium and low). Therefore, to 

determine the level of critical thinking skills of students, researchers used the position of 

student scores compared with the average and standard deviation score of the group, both 

on the results of the pretest and posttest results. 

Overall critical thinking skills can be seen based on the average score of pretest 

and posttest, and can also be seen by the position / level of critical thinking skills in the 

group. Based on the data processing that has been done, obtained a description of critical 

thinking skills of students as a whole based on the position / level of critical thinking skills 

of students and the average score of students is as follows. 

 

Figure 2. Profile Critical Thinking Skills Students Based On Overall Average Score 

 

 

Figure 3. Profile Critical Thinking Skills Students In Overall By Position 

 

Based on the above image obtained information that, when viewed by the average 

score of students on critical thinking skills, it can be seen that there is a difference between 

pretest and posttest scores of 4, which is higher posttest scores than pretest scores. This 

indicates an increase. When viewed by the position of the students, it can be seen that both 
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the pretest and posttest, moderate majority notch students. On the pretest was 21 of 27, 

while on the posttest 19 of 28 students. The difference between pretest and posttest at the 

position located at a low level and are due at the same high level of student numbers is 4 

people. It can be concluded that based on the position, there is a problem in answering 

questions students critical thinking skills, where there is no increase in the number of 

students in higher grades, there has been a reduction in the number of students at a moderate 

level and increase at a low level. 

The development of critical thinking skills is an improvement that focuses on the 

process or how to develop critical thinking itself. This development can be seen 

quantitatively and qualitatively. Quantitatively, this development can be seen by comparing 

the results of pretest and postets critical thinking skills and see improvement. However, 

qualitatively it can be seen based on the description of critical thinking skills at each 

meeting (sub subject) from beginning to end gradually better seen with processed pieces of 

student work, student activity, as well as trasnkrip video lesson which will be seen how the 

critical thinking skills of these proceed trained by teachers who apply levels of inquiry in 

learning. In quantitative terms, the data processing students' scores for the critical thinking 

skills can be seen as follows. 

 

Figure 4. Student’s Critical Thinking Skills Improvement 

Discussion 

Critical Thinking Skills 

Critical thinking skills that were examined in this study is not a result of the 

treatment given by the researchers but rather the result of data collection during the learning 

process from the first meeting to the third meeting. Based on the analysis of data that has 

been described above, then there is an increase or a gain of 4. Although small in value but 

still indicates a change with dilatihkannya critical thinking at every meeting with the model 

levels of inquiry. An increase can be explained by the psychological point of education. 

Dahar (1989) revealed that the construction of a theory take place in two ways, 
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namely deductive and inductive. A deductive theory construction by creating a theory that 

seems logical, on the basis of a priori, then, this theory was tested by conducting various 

experiments to prove the theory. Inductive construction theory is a way to generalize the 

results of experiments or theories of small existing theories into wider / bigger. In line with 

Nuraga (2011) which states that the two types of construction are included in the inquiry 

learning. Collecting data on the current levels of learning with models of the same inquiry 

can be studied also with both theories because in line with the thought Nugraha (2011) 

above. At levels of inquiry, learning begins with the phenomenon of everyday life that 

requires students to make predictions and temporary logical answer (hypothesis), then 

students preparing and designing experiments to prove his hypothesis. This is an 

application of a deductive theory. After students do the experiment, the students presented 

and discussed in class so that it can diunakan to compare, justify or strengthen their 

pengethuan obtained from experimental activities to further make inferences about the 

knowledge they have gained. This is the theory of inductive applications. So it can be said 

that levs of inquiry construct knowledge by using the two theories in a time of learning. It 

can be concluded that it is reasonable if there is an increase critical thinking skills. 

Quantitatively, critical thinking captured using a standard test of critical thinking. 

This test is a standard test of the original to be translated, so this test is not adapted to the 

concept of motion because it is a test that general and actually measure aspects of critical 

thinking skills and framework Ennis. This was decided based on the results of discussions 

with the model teacher who asked not to overload the concept of the test students in large 

numbers, but time is limited. The test requires students really critical thinking because 

students have to think about and answer accurately, using the evidence relevant to the issues 

and explore reading. This makes students' difficulties in answering the tests and results in 

little improvement occurs. When viewed by every aspect, then there are some aspects that 

show the criteria that are less balanced because the absence of a low grade and contained 

only medium and high grade. This is in contrast with the results of the student group as a 

whole where there is a low level, medium and high. This happens because when seen every 

aspect of thinking skills that are generally more balanced one than a score balanced 

properly so that the upper and lower limits based on the results of the count has a high 

range. For the lower limit is very small. Complete, it can be seen on attachments. 

The development of Critical Thinking 

Critical thinking skills are developed in the learning levels of inquiry. Every aspect 

trained with bantaun Student Worksheet. Improvements s takes repeated to see progress. 

Each stage levels of inquiry melatihkan also aspects of critical thinking skills. Developing 
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students' critical thinking skills due to the following reasons. First, this study involves 

asking questions. This is particularly important in critical thinking skills due to the filing 

of good questions that can lead to heart problems so unwittingly arouses the students better 

understand the essence of the material being taught. The second is to think with reason. 

Although it does not guarantee the right reasons but its application is able to create a 

sensitivity to context, purpose and knowledge of reality. The third is the real thinking. The 

essence of critical thinking is to think about the real problem. Although the context is 

simply a matter or question, but students should be able to solve the problem as if they were 

in that position, and believe in what to do and decided. Thirdly it encourages peningatan 

on a given test and development in each subject. 

 

CONCLUSION AND SUGGESTION 

Conclusion 

Based on the results of data analysis and discussion, it can be concluded that there 

is a quantitative increase critical thinking, even though the value is not great. Improvement 

of critical thinking can be assessed based on the theory of educational psychology is 

deductive and inductive conducted simultaneously in the learning levels of inquiry. There 

is the development of students' critical thinking demonstrated by the percentage of 

worksheets, videos and feasibility models transcript levels of inquiry. 

Suggestion 

For teachers: a model levels of inquiry may be one alternative to train critical 

thinking so that students are able to construct knowledge independently.  For other 

researchers: a) It would be nice if the test instrument is made of four scientific reasoning 

about every aspect that can be seen for consistency; b) To develop scientific reasoning and 

critical thinking requires quite a long time. Thus, the greater the learning patterns are 

implemented, would further develop scientific reasoning and critical thinking; c) To be 

consistent with the subject matter, it can be used standardized tests of other critical thinking 

skills that can be modified; d) Should the allocation of time when applying levels of inquiry 

added that the results obtained are more optimal. 
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Abstract 

This research is the development (research and development) which aims to 

develop a digital book (e-book) based flipbook for courses in Accounting Computers. 

This study design was used Borg and Gall (1983) which has been modified by an analysis 

of needs, planning and development of teaching materials, expert validation, revision, 

field trials to produce the final product, product refinement and dissemination of research. 

Research was conducted on students of public universities in East Java who have been or 

are taking computer courses accounting. Validation is done by one person as an expert 

lecturer matter and one lecturer as an instructional media. After going through a series of 

validation tests and experts, resulting flipbook-based textbooks are packaged in compact 

disk which will be distributed to students and faculty. Expert validation results show that 

this flipbook based digital book has met the criteria of "very decent" to be used as a media 

of teaching and learning are used in computer accounting course. 

 

Keywords: digital media, flipbook, learning material 

 

INTRODUCTION 

Nowadays, information and communication technology (ICT) is one component that 

is essential in all aspects of life. No exception also in the academic world. The rapid 

development of ICT can currently be seen in the teaching and learning process in which 

ICT helps simplify the delivery of content to students. National Education Minister 

Regulation No. 2 of 2010 on the strategic plan 2010-2014 of the Ministry of National 

Education that the need for mastery and application of science and technology in order to 

face global demands have an impact on the increasing role of ICT in various aspects of life 

including education, the increasing need to share information and knowledge of the use of 

ICT, as well as the development of the Internet which eliminates borders and time for 

communication and access to information. 

Bawaneh (2011) states that the use of information technology becomes an integral 

part of the learning process at the university. This shows that the use of technology in 

universities has become imperative that the support infrastructure is very important. 

Furthermore, Lamanauskas et al. (2011) states that one of the missions of educational 

institutions today are no longer focused on the dissemination of information but how to 

create learning "perceivable" and "learnable". One strategy is to "modern teaching / 

learning" where modern learning is learning-based digital (digital teaching / learning). 
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Previous research has been conducted to determine the effect of the use of 

technology in teaching and learning on student achievement (Beglau, 2005; Phye & 

O'Connell, 2007; Martin, Strother & Reitzes, 2009; Shapley, Sheehan, Maloney & 

Caranikas-Walker, 2010 ). Research conducted by Tabor and the Minch (2013) found that 

the higher the students access to digital media affects the way students in university classes 

and exams. This shows that the use of digital based teaching materials are preferred as 

compared to traditional teaching materials. Results of the study suggest that the use of 

teaching materials / digital-based media is integrated into the curriculum. Furthermore, 

Irafahmi and Andayani (2012) developed a computer-based teaching materials for 

vocational Accounting. This research was carried out by developing a model Borg and Gall 

(1983) to produce teaching materials on Accounting that are relevant to the needs of 

business practices. The results showed that the use of computer-based teaching materials 

proved to be more successful in increasing student achievement compared to conventional 

methods. This is also confirmed by Lamanauskas et al. (2011) that digital teaching / 

learning is one way to improve the educational process. 

Integration of ICT in teaching and learning is now a requirement to familiarize 

learners (students) familiar and friendly technology that educators (lecturers) must always 

strive to create learning that is not monotonous and unpleasant. One way is to create 

teaching materials are packaged in digital form but packing a digital-based teaching 

materials must be adapted to the conditions and the development of ICT currently more 

prevalent among students. A phenomenon that occurs among adolescents in Indonesia 

today is the trend of reading digital books (e-books). Furthermore, Zuchdi (2008) says that 

there are two things to note about the trend of reading digital books among young people 

(students) are the type of books that students’s interested and form of books. Trends and 

interest in reading are now more focused on something that is both technology and 

communication (ICT). 

In fact, in developing countries, especially Indonesia, the reading habit is still very 

low when compared with developed countries. In developed countries, reading has become 

a habit and people already have a high awareness of the importance of reading habits as the 

world's information window. Indirectly, this may indicate that the quality of human 

resources in developing countries is still very low. There are many causes of low frequency 

of reading interest among the public. One of them is costly. Cost to consume books, 

journals, newspapers, magazines and other print media are still very expensive. It’s also 

occurs among students. Field observations found that in the course of Computer 

Accounting students have not read the lecture material and do not carry a book of literature 
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during the lecture. As a result of passive students in following the lectures and students just 

waiting for an explanation from the lecturer. Many of the causes behind this phenomenon 

one of which students do not have books because the price of the book is relatively 

expensive especially books published abroad, especially for students with a background of 

parents who are less able, partly lazy student carrying books because of the heavy, 

complicated and impractical. It is not denied that the existing teaching materials for courses 

in Accounting Computers today are mostly textbooks printed version. 

Given this phenomenon, lecturers are required to always be creative and innovative 

to create a fun learning activities by integrating ICT in learning so that students will be 

more motivated to learn. The development of digital-based textbooks (e-books) can be a 

solution for a lecturer to stimulate students to learn. Digital books (e-books) in Indonesia 

has developed quite rapidly. This is based on content and display digital books (e-books) 

are more attractive and interactive enough so that teens are more motivated to use digital 

books (e-book) compared to the printed version of the book. Students as consumers, 

consider the transformation in the marketing of printed books into digital form is something 

interesting. Before the advent of digital books, students must buy textbooks at a price 

relatively expensive and sometimes less attractive. Printed books were sold in the market 

are usually packed with transparent plastic so it can not see the content of books purchased 

and sometimes appears disappointment if the book is not in accordance with what is desired 

(Zuchdi, 2008). 

This study comes as an effort to find ways while offering solutions to the problems 

faced by students with developing digital-based teaching materials, namely e-book that is 

packaged in a flipbook using software sigil. Software sigil is a software editor for epub that 

is open source. The teaching materials developed using software sigil for two reasons: first, 

researchers have sufficient skills and knowledge about the sigil and second, the software is 

easier / user friendly compared to other software. Product results of this study in the form 

of an e-book for courses computer accounting where the books are packaged in digital form 

more attractive, more practical, more economical, and easy to carry anywhere because 

digital books can be opened / read on mobile phone, tab, laptops and devices, other 

electronic e-book that can be read anytime and anywhere. In addition, e-book displays 

search method said quickly if we want to find certain words (include searching tool), can 

also be fitted text size viewer, where the size of the letters in the e-book that can be set  and 

e-book can be created interactively contain sound, video or animation. 
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RESEARCH METHOD 

 This research is the development (research and development) which aims to 

develop a digital book (e-book) for the course of Computer Accounting using software 

sigil. This study design was used Borg and Gall (1983) which includes the following stages: 

research and data collection, planning, development of draft initial product, field trials 

beginning, revision I, field trials, revision II, the test field implementation, improvement of 

product, dissemination and implementation. In this research study design modification of 

Borg and Gall (1983) into 7 stages: analysis of needs, planning and development of 

teaching materials, expert validation, revision, field trials to produce the final product, 

product refinement and dissemination of research results. 

 This research was conducted at the State University of East Java, amounting to 8 

college. Universities that do not have accounting departments are not included in this study. 

Sampling using purposive sampling method due to be sampled are all students who have 

taken or are taking computer courses accounting. 

 

RESULT AND DISCUSSION 

 Computer Accounting subjects presented in 3 SKS aims to provide insight to the 

student in preparing the company's financial reporting services, trade and manufacturing 

using MYOB software. MYOB (Mind Your Own Businnes) is an accounting data 

processing computer software that processes data recording accounting transactions 

performed by entering transaction data into the computer, then the computer will process 

into the financial statements. This computer application programs used as an automated 

bookkeeping easy application and is capable of displaying the complete financial reports, 

quickly and accurately. 

The results of observations conducted by researchers at universities X coincides 

with the beginning of the meeting lectures for computer accounting course. Initial meeting 

of lectures is used by college lecturers to explain the contract based computer accounting 

course syllabus. In the contract lectures (an explanation of the syllabus) is, it appears that 

the computer accounting course with a load 3 credits aim to provide insight to the student 

in making the company's financial reporting services, trade and manufacturing using 

computers and MYOB. Computer accounting course syllabus used in organizing and 

guiding faculty lecturers during the course of the semester also it’s explain about teaching 

materials and teaching methods used by lecturers. Teaching materials used are teaching 

materials / textbooks printed and learning media are used only LCD and laptops only. This 

is not in line with the objectives of KKNI which requires students to be expert using 
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technology. 

Further observations on the practice of teaching computer courses in Accounting 

and syllabus content analysis results produced some findings that; 1) competence which is 

expected to be achieved from this course that students can arrange corporate data files and 

make financial reports for the company's services, trade and manufacturing with 18 

versions of MYOB program based transactions / cases that have been prepared by the 

lecturer; 2) The reference used by most colleges in teaching this course is teaching materials 

/ textbooks printed or modules for learning is teacher centered where professors and 

students actively explain just listen, take notes and explanations faculty practice; 3) 

Lecturer do not recommend digital media (e-book / flipbook / video tutorial audio / visual) 

as the main reference and supplement for this course. This is because the less innovative 

faculty / do not have the ability in the field of IT; 4) The teaching methods used by lecturers 

are lectures and demonstrations in accounting laboratory space. This is the implication of 

the lack of competence of lecturers in the field of IT impact on the methods used by 

lecturers still conventional lectures and tutorials; 5) There are colleges uses the module. 

The use of modules is considered more appropriate for computer accounting course is very 

technical and procedural nature; 6) practice and simulation preparation of financial 

statements for the company's services, trade and manufacturing using computers and 

MYOB program which has the highest component in learning; 7) lack of students have 

textbooks / instructional materials printed by reason expensive, and impractical to carry 

anywhere. 

Based on the observation and analysis of the syllabus appears that the lecturers are 

still using conventional teaching and not use the learning resources / media ICT-based 

learning when the competence of graduates will mastery of information technology 

mandated in KKNI where the undergraduate program at the level of the qualifying sixth 

(level 6) are required to be able to apply, assess, design, utilizing science and technology 

and solve problems. Based on the KKNI appears that one of the college graduates' 

competence is the ability to harness science and technology. Therefore, learning in Higher 

Education should be directed to the ICT-based learning so that the learning process that 

occurs is student centered learning environment that fosters active, responsive and fun. 

Given these findings, the recommendations instructional materials in accordance 

with conditions on the ground are as follows: 1) The teaching materials include the 

accounting cycle for services, trade and manufacturing; 2) teaching materials prepared by 

applying the MYOB software version 18; 3) teaching materials with examples of 

transaction cycle for corporate services, trade and manufacturing by using MYOB or based 
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tutorials; 4) teaching materials packed in the form of video / audio visual; 5) teaching 

materials and video / audio visual packaged in the form of e-books as an alternative solution 

for printed teaching materials are expensive / less affordable by students and less attractive; 

6) teaching materials that have been packaged in the form of an e-book is converted into a 

flipbook for a more attractive appearance, accompanied by animations that are not boring. 

Characteristics of the teaching materials is one factor to consider when developing 

teaching materials / textbooks. Characteristics of the users of teaching materials include 

gender, age, learning style / style of learning and teaching materials for desired. The results 

showed that the majority of respondents were women 72 respondents (81.8%), while as 

many as 16 men (18.2%). Data sexes survey respondents can be seen in Table 1 below. 

Table 1. Gender Research Respondent 

 Frequency Percent Valid Percent Cumulative 

Percent 

Woman 72 81.8 81.8 81.8 

Man 16 18.2 18.2 100.0 

Total 88 100.0 100.0  

 

The average age of students who attend computer courses accounting is between 20-21 

years can be categorized as a teenager. The questionnaire results showed that the average 

student more like a digital-based teaching materials compared with printed teaching 

materials is more practical, cheaper and more attractive. Majority of the student's learning 

style is the audio-visual learning style is the style of learning that are not only learning 

through visual relationship (vision) but also audio (hearing) as a way to achieve maximum 

learning results. With this type of learning style of this it would be very appropriate if the 

teaching materials used in the lecture is the teaching materials adapted to the learning style 

of the students so that the quality of student learning will increase. 

 Teaching materials desired by the students is also one of the factors that need to be 

considered. The result showed that only 1% who use more than one textbook, 17% who 

have a reference book, 16% were using two books and at most 66% who do not even have 

textbooks in following the course of Computer Accounting. This shows that the students 

lack of preparation in following the course of Computer Accounting. Furthermore, the 

average length of student learning less than an hour for the course Computer Accounting  

by 48%, while only about 13% were studied over two hours. It can be caused due to the 

lack of teaching materials owned by the students so that students are lazy to search or 

browsing the internet on a computer course materials accounting that affect the intensity of 
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student learning. 

 The lack of textbooks and the limited-time students to learn computer accounting 

course cause difficulties for students. This is evident from the results of questionnaire 

analysis which states that 89% of students had difficulty in accounting computer classes to 

the course, by 9% and 2% said rarely never had trouble. This can be considered because of 

lack of materials / textbooks owned by students caused by the lecturer did not provide a 

reference or teaching materials / textbooks printed and digital versions to the students so 

that the students only get the material from explanation of the lectures in class. In addition, 

the results also showed that the learning resources that are used by the students of 47% said 

that the students learn the course Computer Accounting of books borrowed from the library 

as a lecturer does not provide teaching material particular, 40% of students browsing the 

internet to find material once finish the tasks given by lecturers, 11% of students read ebook 

obtained from browsing the Internet, and the remaining 2% reading other literature. Based 

on these data it can be concluded that the particular ebook teaching materials used in 

teaching materials is still very low so it is necessary to develop a digital-based teaching 

materials to help facilitate students in learning because students can learn anywhere and 

anytime with the ebook. 

 Students have the perception that digital-based teaching materials is very important 

for them. It is evident that the majority of 72% of students said that the existence of an 

ebook is important for students to help students learn because during the lecturer does not 

provide textbooks, especially based digital textbook. The existence of digital books can 

facilitate student learning because of the ease to carry anywhere and can be read at any time 

by the student because of digital books can be saved and loaded in the phone. The 

availability of infrastructure to support the use of digital teaching materials (flipbook) is 

very important because digital teaching materials can only be used with the help of a laptop 

/ computer / mobile phone and 83% of students said that having a laptop while the 

remaining 13% have a laptop and computer. 

Development of product is the stage to make and create the product after a needs 

analysis. At this stage of the needs analysis produced the product specifications will be 

developed based on the results of the analysis of the syllabus, observation of teaching 

practice, the characteristics of the user who will use the product, and product characteristics 

desired by the user. This development phase is the stage to develop a product that is 

textbook-based flipbook. There are several stages in the development of this flipbook based 

textbook: first, to develop teaching materials for the course Computer Accounting on the 

subject of service companies and trading companies using MYOB version 18 which will 
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produce a print version of the textbook. Secondly, make a video tutorial for service 

companies and trading companies. Third, create animations as a supplement in video 

tutorials and flipbook. Fourth, converting materials / textbooks printed version into a digital 

version that is textbook-based flipbook. Fifth, textbooks that have been converted in the 

form flipbook then validated by a validator 2 is one matter expert and one of the experts in 

instructional media so that the end result of this development is a digital book that is 

packaged in a flipbook. 

 After the development process of textbook-based flipbook completed the next step 

is validation experts who aim to get advice and feedback on the products developed. The 

first validator is a lecturer of accounting for validating the content material. The goal is to 

ensure that the material is made in a flipbook based digital book has been in accordance 

with the competence in the course of Computer Accounting and the material presented are 

also valid. Overall results of validation of the material showed that the material presented 

in digital book (flipbook) is in accordance with the competence of the subjects accounting 

computer, which can be described as follows: (1) Coverage of teaching materials (content 

of the material and the case presented) is in accordance with the competence of course 

computer accounting. Competencies expected of this course the student is able to prepare 

financial statements for services companies and trade by using MYOB version 18; (2) 

views of completeness and ease of teaching materials are to be understood accordingly. 

This means that all of the content material should be presented in teaching materials are 

complete and easy to understand language used by the students; (3) the material presented 

has also been a systematic and logical. This shows that the presentation of the material in 

the flipbook has a coherent and clear plot; (4) The case presented is complete consist of the 

case for service companies and trading companies; (5) the level of difficulty of cases 

presented in teaching materials accordingly, which means that cases given able to foster 

critical thinking of students, (6) the instruction execution cases have also been appropriate, 

that is to say the instructions in the execution of matter / case has been presented clearly 

and do not give rise to ambiguity. 

Validation of the media by expert conclude that flipbook based textbook has several 

advantages: (1) the use flipbook that is packaged in a CD is very easy to use. Students and 

faculty can easily copy and use flipbook. This media can be opened and operated by using 

the media player, flash or GOM player; (2) the operation of the flipbook is also very easy 

as a simple navigation key option to facilitate students and faculty to use this flipbook-

based textbook; (3) display flipbook very interesting because it comes with funny videos 

and animations that are tailored to the subject company and change trade services so that 
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students not only read the course material, but students can also see examples of video 

tutorials in completing the accounting cycle for services and trading companies. With this 

flipbook is expected to facilitate the students understand the material and increase student 

learning motivation of students. 

 

CONCLUSION AND SUGGESTION 

This research aims to develop a digital book-based flipbook using models Borg 

and Gall (1983) .The results of the needs analysis showed that students had difficulty in 

learning computer courses in Accounting in the absence of teaching materials supplied or 

recommended by the lecturer. Students only obtain the material from class lecturers 

explanation. Difficulties in obtaining student teaching material impact on the level of 

laziness students in learning. In addition, the results of the needs analysis also showed that 

the instructional materials Computer Accounting borrowed in libraries majority still print-

based so students want the book-based teaching digital because of its simplicity that it can 

be taken anywhere and read at any time since digital books can be saved and loaded in the 

phone. In general, the results show that the expert validation flipbook based digital book is 

very feasible for use as media and teaching materials on the subjects of computer 

accounting. 
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Abstract 

This article seeks to provide an overview of the models of self-

regulated learning as an alternative to learning in order to equip 21st century 

competencies in an integrated manner. The model of self-regulated learning 

(MSRL) is a learning models in the which students are involved in the 

regulation itself to achieve the learning objectives. The active involvement of 

students related to the setting behavior, motivation and cognitive learning to 

achieve academic goals. The purpose of this article is to illustrate that MSRL 

contribute to the accommodation of the 21st Century competencies. in science 

learning The 21st Century competencies is highlighted important things to 

equip students in the face of 21st century competencies. One of the 21st 

century competencies the focus of the discussion on this article is the general 

life skills. 

The first section of this article is introduction that illustrates about the 

background MSRL studies related to 21st century competenciesin 

sciencelearning. Then in the next section the discussion, examines the concept 

MSRL, an overview of the students who have general life skills, then general 

life skills of students in sciencelearning through MSRL. At the end about the 

conclusions and suggestions, then acknowledgment. 

 

Keyword: Self-regulated learning model, , general life skills, 21 st century 

Competencies, science learning. 

 

INTRODUCTION 
The 21st century is a very complex impact in the field of life. Rapidly progress in 

science and technology-based economy has implications for the development of science 

and technology. Then the existence of globalization is causing each individual is part of a 

global economy. This situation is characterized by the existence of competition is very 

dynamic and open either locally, nationally or globally (Saavedra & Opfer, 2012). So that 

each individual is required to have 21st century skills.21st century skills are Life and Career 

Skills, Learning and Innovation Skills, and Information, Media and Technology Skills 

(Partnership for 21st Century Skills). Of the three, the Life and Career Skills are basic skills 

that should be possessed as a basis for living a very complex and work environment that is 
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globally very competitive. One of life skills are general life skills (Depdiknas, 2007). These 

skills equip individuals to develop adequate life and career so that they can play a role in 

building a quality life and to build the nation's progress. Observing these needs, we as 

science teacher contribute to realizing the hope of the government to establish a human 

resources has a general life skills. Students who have a general life skills is the student who 

has the personal skills (personal skills), and social skills (social skills). Personal skills 

include proficiency in understanding oneself (self-awareness skills) and thinking skills 

(thinking skills). Proficiency know ourselves basically an appreciation of ourselves as 

creatures of God Almighty, as members of society and citizens, as well as realize and 

appreciate the strengths and weaknesses of the capital as well as in improving themselves 

as individuals that are beneficial to the environment. Thinking skills include among others 

the skills to recognize and find information, process, and make decisions, and solve 

problems creatively. While the social skills include communication skills (communication 

skills) and proficiency in collaboration (collaboration skills), controlling emotions, skills 

cooperate and participate (Depdiknas, 2007). 

Science is a body of knowledge, a way of Investigating and a way of thinking 

(Chiapetta & Collette, 1994: 30). From these statements, the actual science is not just a 

body of knowledge, but also the processes and attitudes. Student involvement in the 

acquisition of knowledge through the process of science in the form of inquiry which is 

based on the actual scientific method simultaneously integrate the achievements of 21st 

century competencies example, develop and present arguments based on empirical 

evidence, as well as asking the right questions about the arguments of others, can develop 

complex communication skills and problem-solving skills (National Research Council, 

2010). 

In practical terms systemically science learning is very necessary. Not only 

teaching factual knowledge, conceptual and procedural, and build 21st century skills, but 

also form a lifelong learner. It is, intended to allow students to have a high learning ability 

so that it can continue to update the knowledge to be relevant to the times. In addition, to 

be able to build motivation and metacognitive students. 

The question that arises is "What is promising models or approaches are inherent 

to teach general life skills as part of the 21st century competencies in science education? if 

there is, what evidence is available about the effectiveness of this model? "This paper aims 

to provide an alternative way that we can use to provide solutions through the application 

of models of self-regulated learning (MSRL). Through MSRL expected to form students 

who have a general life skills so that they can be functional and effective role in living life. 
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DISCUSSION CONCEPT MODEL OF SELF REGULATED LEARNING 
The model of self-regulated learning (MSRL) is a model of learning that was 

Introduced more than 20 years (Good, 2009: 177). Barry Zimmerman and Dale Schunk 

doing research since the 1980s (Farber's, 2012). Zimmerman (1986) defines self-regulated 

learning (SRL) as to what degree students are metacognitively, motivationally, and 

behaviorally active in their own learning process. SRL is carried Zimmerman, departing 

from social cognitive theory. Social cognitive theory states that behavior, motivation and 

aspects of the learning environment affect the achievement of a learner. There is a 

reciprocal relationship among the three that play a role in learning. Learning environment 

affect the learning behavior and vice versa. Also social cognitive theory argues that as a 

result of a learning behavior serves to strengthen the motivation and information. (Schunk, 

2012: 166). Pintrich (Schunk, 2005) Gives the definition of self-regulated learning in 

essence the same as described Zimmerman items, namely an active process of learners set 

goals for learning and then to monitor, regulate and control reviews their cognition, 

motivation and behavior that is guided and limited by reviews their purpose and overview 

of the contextual environment. The definition emphasizes that the SRL is an active process 

of learners and not as a reactive process (Zimmerman, 1990). 

Hadwin declared (2009: 175) learners of make arrangements themselves (self-

regulated learners) deliberately chose a target or a goal and make a plan for learning. In this 

process, learners adoption and adaptation or adjustment and set strategies to improve 

learning. Learners check goals reviews their learning progress made by learners can be 

either the process or the outcome. The purpose of the form is a step in the process of being 

made and wanted the students to Obtain the desired targets. Learners establish criteria for 

implementing the steps in the task. In this process, the purpose of the which is made can be 

broken down into smaller goals. The purpose is the end result to be obtained students. The 

final goal is useful in control of the process because it does not directly provide for the 

achievement of process steps. Overall, the goal will provide important criteria or standard 

of achievement for learners to be able to monitor reviews their own and its progress during 

and after the study. Learning objectives are essential, Because without goals learners will 

not have the self-monitoring, without self-monitoring learners can not regulate themselves, 

adapt and adopt the strategy pursued to review and improve learning (Good, 2009: 176). 

 Learners who have self-regulated learning refers to the three traits that students 

use learning strategies independently (self-regulated learning), responsive to give feedback 

on the effectiveness of learning, and depends on the motivation process (Zimmerman, 

1990). Learners using self-learning strategies to Achieve the desired academic results based 
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on feedback regarding the effectiveness of the learning and skills that have been done. 

Feedback as a way to monitor and improve learning abilities acquired in order to achieve 

the learning objectives that have been set (Boer, Donker-Bergstra, & Kostons, 2012: 

176).Metacognition is an instrument that controls the whole process and the basis for self-

regulated learning (Good, 2009). Flavell (Boer, Donker-Bergstra, & Kostons, 2012: 176) 

defines metacognition as knowledge of the phenomenon of cognition. There are two levels 

in metacognition items, namely knowledge of metacognition (knowledge metacognitive) 

and setting metacognition(metacognitive control or regulation) (Good, 2009: 176). 

Metacognition knowledge Refers to the learner's knowledge and belief about 

himself, tasks and strategies to complete the task. Metacognition knowledge related to self-

awareness of learners about cognition. For instance learners aware of the shortcomings of 

the types of specific tasks. Metacognitive knowledge plays an important role affecting the 

goals, plans, strategies and ketelibatan motivation in their duties (Good, 2009: 176). 

Learners who do not have or lack knowledge of metacognition will not understand why 

and when to use learning strategies (Boer, Donker-Bergstra, & Kostons, 2012). Flavel 

explains that metacognition experience can help learners possess knowledge awareness of 

metacognition. Metacognition knowledge can be improved through practice. Through 

Increased metacognition learners comprehensively so that learning can be improved (Boer, 

Donker-Bergstra, & Kostons, 2012: 176). 

Metacognitive monitoring refers to the process of checking the mind and the 

knowledge of how well he has done with compared to the desired standards or standards 

achievements that have been made (Boer, Donker-Bergstra, & Kostons, 2012: 176). 

Learners who undertake reviews These activities will be aware that the level of 

development and advancement of learning and how should the achievements obtained. As 

for the control of metacognition believed to be a result of the information generated through 

the monitoring of metacognition. Metacognition control process performed when the 

monitoring of the discrepancy between the stated goals of the reality of the matter, it 

becomes a reference for behavior guidance, motivation or cognition. Thus spake MSRL 

construct and pay attention to all aspects of holistic learning include skills, knowledge, 

motivation Obtained learners (Paris, 2012). The whole of the process is considered in detail 

so that the set goals can be achieved. 

There are four underlying assumption that learners can adjust reviews their own 

learning items, namely a) learners are assumed to be able to monitor and regulate cognition, 

behavior and motivation depends on differences in individual factors; This situation is 

interpreted that each individual has the desire to control the events that affect reviews their 
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lives, b) with an active learners can establish itself, a special purpose and meaning that 

comes from the experience of learning to the context associated with the knowledge that 

has been acquired; in other words that each individual has the desire to set goals and achieve 

its objectives by considering the knowledge that once acquired, c) learners actively 

involved in the process of constructing knowledge; and d) the assumption that self-

regulation of behavior mediates the relationship between the actions of learners, contextual 

factors and individual characteristics (Moos & Ringdal, 2012). Four of assumptions 

reviews these are the foundation for the theory of self-regulated learning (SRL). 

Moos and Ringdal provide three ways for students to be self-regulated (2012). 

Students understanding of the SRL can be Increased in three ways: indirectly through 

experience, directly through the direction and get it through practice. The first SRL can be 

induced through experiences in school. For example SRL can appear as knowledge is not 

realized as a result of teacher expectations and useful behavior that should be owned 

learners. Second, teachers provide direct guidance concerning SRL explicitly. Third SRL 

practices acquired through involvement in the which provides an environment for the 

creation of self regulation. In These conditions naturally imprinted self-regulation through 

the task. Eg study group project tasks, providing opportunities for individuals to contribute 

to complete the entire project. The third in this way may be run simultaneously in the 

classroom. Moos and Ringdal (2012) concluded the briefing directly SRL can be reached 

in three ways. First, students can benefit from analyzes and discussions of strategies for 

learning. then teachers can design an open-ended instructional activities and scaffold 

assistance for student inquiry. Third, teachers can minimize test objectives, competitive test 

scores, and public comparisons of the performance of the roomates detract from the 

student's sense of efficacy and mastery. The use of portfolio, project, self assesments can 

increase of student motivation, provide freedom SRL and enhance creativity. 

The ability of learners associated SRL is different. The research showed that 

learners at primary school level have the ability SRL lower than the levels afterwards. There 

are several factors that affect the SRL namely, age, cognitive development, guidance 

explicitly, and the changing demands in the classroom. SRL Also individual differences 

may be influenced by the level of activity, patience, resistance to interference and internal 

controls. Englert et al. (Moos & Ringdal, 2012) states that students who have difficulty 

using a strategy of maintaining focus and involvement of the task, will require guidance 

and support bigger explicit to raise SRL. Also factor in an individual may Affect the SRL, 

for example related to mood, mood, fatigue, cognition, impulsive, impatient and aggression 

will affect the improvement and regulation of the behavior of learners. Zimmerman MSRL 
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models include forethought, performance control and self reflections (Moos & Ringdal, 

2012). Forethought phase learners analyze the task and set the goal to complete the task of 

learning. In this phase, if the students do not understand the best approach to the task, it 

can ask the help of a teacher to instruct an approach. Performance or volitional control is a 

phase learners to apply strategies to the make progress learning tasks and monitor the 

effectiveness of the strategy of the which is expected to Achieve the learning objectives. 

Self reflections a phase learners evaluate learning activities that take place and test the 

effectiveness of the strategy chosen. This reflection then affect the plans and goals will 

come and start the cycle over again (Schunk, 2012: 411-412). The cyclical phases 

illustrated in figure 1.  

 

 

 

 

 

Figure 1. Phase Cycle MSRL (Schunk, 2012: 411) 

 

STUDENTS WHO HAVE A GENERAL LIFE SKILLS 

21stcentury brought great changes in various life implications for the challenges of 

life are very complex. Science education seeks to equip learners to have the competence 

toface the XXI century through a series of processes in science learning. General life skills 

are basic life skills derived from life skills skills(Depdiknas, 2007).The termlife skills 

introduced by the World Health Organization (WHO). Life skills are defined as the skills 

or the ability to be able to adapt and behave positively, which allows individuals to be able 

to face the demands and challenges of life more effectively(WHO, 1997:1). Chart of the 

competence of the XXI century can be seen in Figure2. 

Performanceor volitional 

performance 

forethought Self-reflection 
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Figure 2. 21stCentury Competencies (Kereluik,2013)  

 

General life skills are also called soft skills(Muslim, Alias, Mansor, Salleh&Basir, 

2012). Generallife skills important to have every student because it is not only useful in the 

academic field but also equip students to be able to play an effective rolein her life and 

career. By mastering the general life skills so students can adapt to the various changes 

thatoccur(Muslim, Alias, Mansor, Salleh&Basir, 2012). Students who have a general life 

skills are the students who have basic life skills consisting of personal skills (personal 

skills), and social skills(socialskills). Personal skills include self-awareness and rational 

thinking (Depdiknas, 2007). Personal skills include proficiency in understanding oneself 

(self-awareness skills) and thinking skills (thinking skills). Proficiency know ourselves 

basically an appreciation of ourselves as creatures of God Almighty, as members of society 

and citizens, as well as realize and appreciate the strengths and weaknesses of the capital 

as well as in improving themselves as individuals that are beneficial to the environment. 

Thinking skills include among others the skills to recognize and find information, process, 

and make decisions, and solve problems creatively. While the social skills include 

communication skills (communication skills) and proficiency in collaboration 

(collaboration skills), controlling emotions, skills cooperate and participate (Depdiknas, 

2007). Indicators of each of these skills are presented in the following table 1.  

 

Table 1. Indicators of GLS 

 

No Aspects of GLS Indicators 

1. Personal skills Self-awareness 
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a. self-awarenessas aservant of God, social 

being sand creatures of the environment; 

b. focused on the ability to seea self-portrait; 

c. awareness of the potential and the drive to 

develop 

Rational thinking 

a. ability to recognize information, 

b. ability digging prowess and processing 

information, 

c. proficiency with intelligent decision making, 

and 

d. issue solving skills wisely; 

2. Social skills  a. ability to communicate orally and in writing 

b. ability to manage conflict and control 

emotions 

c. collaboration skills and participate. 

(Depdiknas, 2007) 

 

GLS is a basic skill that is focused for students in elementary and junior high 

school(Anwar, 2006). Implications of learning life skills more emphasis on contextual 

learning, namely the real world linkage with the environment so that the processes and 

results of learning through doing (Depdiknas, 2007). Life skills in order to be integrated in 

the learning of life skills are inherent and later became nurturent effect of a learning 

GENERAL LIFE SKILLS STUDENTS IN LEARNING SCIENCE THROUGH 

MSRL 

Learning model of self-regulated learning has a syntax that can accommodate for 

the achievement of general life skills of students. directing the motivation, behavior, 

cognition also includes metacognition can form self-awareness, rational thinking skills are 

also social. 

 

MSRL simultaneously based syntax to train students in the cognitive domains such 

as the ability to be able to find, analyze to a problem and to train students to solve problems 

through the syntax forethougt, performance or volitional control and self reflection. MSRL 

also trains the skills of learners in terms of self-awareness by metacognitive processes, 
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namely realize what is needed and how to achieve it, and evaluate and improve to achieve 

learning objectives. Metacognitive processes that occur during take place, simultaneously 

build adaptability and adoption learners of any changes that occur in learning because 

metacognition control. In this process also develop the ability to think critically. As 

described Hadwin (2009: 176) is a useful behavior to adapt and regulate specific aspects in 

learning. Social skills are also accommodated with the cooperation to solve the problem 

together and communicate. Excess MSRL is to train students as learners to be able to learn 

effectively, knowing what and how to achieve learning objectives effectively with good 

organization. MSRL also trained individual consciousness whenever and wherever it is to 

be sensitive to self-regulation. MSRL thus forming students to become lifelong learners. 

MSRL in science learning can be integrated in a way that is proposed by Moos & 

Ringdal (2012), which is induced through teachers' expectations related to achievements 

and the expected behavior of the students. Then, through the direct guidance in learning. In 

this way, the teacher explicitly guide the regulatory activities following the syntax in 

MSRL. Third, to provide an environment that encourages self-regulation for the activity. 

For example through a project assignment, investigation, experimentation and portfolio 

activity.  

 

CONCLUSION AND SUGGESTION 
Self-regulated learning models are applied in the classroom by a teacher will be 

able to equip the ability of self-regulated learning and forming lifelong learners. This is 

because the syntax equip MSRL through metacognitive processes that drive the direction 

of behavior and motivation and cognition. self-regulated learning is a process of monitoring 

and evaluation as well as reflection and modification of the achievements obtained based 

on its intended purpose. MSRL and mental processes in a learning environment that is 

created during the process MSRL will accommodate for the formation of general life skills 

of students. General life skills students equip students to participate as fully effective and 

productive life. so as to improve their lives and contribute to the development of the nation. 

 

In sciencelearning, MSRL can be carried out by induction through teachers' 

expectations related to achievements and the expected behavior of the students. Then, 

through the direct guidance in learning. Then by providing an environment that encourages 

self-regulation for the activity. For example through a project assignment, investigation, 

experimentation and portfolio activity. 

Recommendations for teachers (educators) is to begin early for students at the 
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school to realize the goal of education that develop human and the human form of lifelong 

learners. Tangible form that can be done is to apply the various models of learning in 

science who interpret the overall dimensions of science, namely knowledge, processes, 

attitudes, knowledge, and applications and able to accommodate the required skills of the 

21st century and build metacognitive skills of students, one of which is through a model 

self regulated learning. 
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Abstract 

This research aims to: (1) develop“Chemondro” as android-based chemistry 

instructional media on solubility; and (2) reveal the feasibility of the Chemondro to use 

in high school chemistry class.  

This research adapted  Borg & Gall models that modified into five steps: 

information collecting, product planning, product developing, product validation, and 

product evaluating. The product was developed using Adobe Flash CS 6 program and 

validated by a chemisty expert, an instructional media expert, 5 peer-reviewers, and 5 

chemistry teachers. The product evaluating was performed by year XI of high school 

students.  

The results of this research are: (1) Chemondro, a software of android-based 

chemistry instructional media; and (2) that the Chemondro were appropriate to use in 

chemistry class, in terms of subject matter and media aspects evaluation. 

 

Keyword: chemondro, chemistry, instructional media, solubility 

 

INTRODUCTION 

Chemistry learning emphasizes direct learning experience through the use of 

scientific skill and scientific attitude (Ministry of National Education of Indonesia, 2006). 

Chemistry learning would be well done by good interaction between teachers and students. 

Successful of achieving the learning goal was influenced by several factors, such as 

teaching strategies, teaching methods and approaches, resources which were used including 

books, modules, worksheets, instructional media, and many others. 

Nowadays, instructional media were designed and developed in the accordance of 

today’s technology such smartphone and tablet-PC. Such instructional media can make a 

more interesting teaching and learning procces. It also impact on student academic 

performance and student learning outcome (Chuang, 2014, p.1969). Smartphone-based 

instructional media seemed good to be used as today’s instructional media trends (Johnson, 

L. et al., 2012, p.4). It is able to make a hybrid learning and able to make whenever and 

wherever learning procces as known as ubiquitos learning (Squire, 2009, p. 70; Meister, 

2011, p. 28). Using this kind of instructional media is also one of the 21st century learning 
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styles (Calimag et al., 2014, p. 90). 

One of the most today’s popular operating system on smartphone and tablet-PC is 

Android operating system. Android operating system is widely used by Indonesian people, 

especially among high school students. By June 2015, Android users in Indonesia reach 

65.9 % of all smartphone users (StatCounter, 2015). Developing an android-based 

instructional media seemed to be good to try to make a more interesting learning and 

teaching procces and to improve student’s academic performance. 

This research tried to develop an android-based chemistry instructional media on 

solubility for high school students. The matter of solubility was choosen due to its 

importance concepts for daily life. Mean while, the result of nasional examination for 

Indonesian high school students showed that the mastery of solubility only reach  67,31% 

on 2013 (Ministry of Education and Culture of Indonesia, 2013). The developed 

instructional media then need to be validated and evaluated to make it appropriate to be 

used in high school chemistry class.  

 

RESEARCH METHOD 

This researchis a Research and Development (R&D). This research adapted Borg 

& Gall (1983, pp. 589-594) models that modified into five steps: (1) information 

collecting;(2) product planning; (3) product developing; (4) product validating; and (5) 

product evaluating.Product of this research is chemistry instructional media on sulubility 

named Chemondro (Chemistry on Android). The product was developed by using Adobe 

Flash Professional CS 6 program and being validated by chemistry expert, instructional 

media expert, 5 peer-reviewers, and 5 high school chemistry teachers. Product evaluating 

was conductedto year XI students of SMAN 10 Yogyakarta Indonesia in 2 steps of 

evaluating: small group and large group. 

Data in this research was collected by using instrument of product validation and 

instrument of product evaluation.Instrument of product validation consists of: (1) product 

validation sheet for chemistry expert; (2) validation sheet for instructional media expert; 

(3) quality assessment sheet for peer-reviewers and chemistry teachers. Instrument of 

product evaluation consists ofquality assessment sheet for students. The instrumentswere 

adapted from Nasir et al. (2012, pp. 576-579) and Anggraeni & Kustijono (2013, pp. 14-

15). 

The feasibility of the instructional media to use in teaching procceswas analyzed 

from the quality category of the instructional media. The instructional media would be 

called feasible if it obtains at least the category of good quality. The data from validation 
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and evaluation stepwere quantitative data with a rate of 1-5. The data was analyzed by 

calculated the average scores for each assessment aspect and compared to the category of 

product quality by Widoyoko (2011, p. 238) as seen in Table 1. 

Table 1. Convertion Score for Instructional Media 

Quality 

N

o 
Score Interval Category 

 

1

. 
>  + 1,8 SDi Very Good 

Note: 

2

. 

  + 0,6SDi<  ≤  + 

1,8 SDi 
Good 

    = Average score 

3

. 

  - 0,6SDi<  ≤  + 

0,6 SDi 
Quite Good 

SD = Standard of 

deviation 

4

. 

  - 1,8 SDi<  ≤  -  

0,6 SDi 
Bad 

 

5

. 
 ≤   - 1,8 SDi Very Bad 

 

 

RESULT AND DISCUSSION 

Developing the Product 

 

This reasearch were done by five steps: information collecting,product planning, 

product developing, product validating, andproduct evaluating.Information collecting was 

the first step in this research. The result from information collecting step showed that today, 

high school chemistry class needs some instructional media which able to support learning 

procces, able to improve student’s academic performance, easy to access, attractive, and it 

would be better if the instructional mediawere developed by using today’s technology.In 

the term of those characteristics, Android-based instructional media seemed good to be 

developed. While, from analysis of curriculum, solubility was choosen as the part of 

chemistry matter that would be discussed in the instructional media. The discussion of 

solubility was given to year XI of high school student in Indonesia. Product of this research 

is chemistry instructional media on sulubility named Chemondro (Chemistry on Android).  

Product planning was done by making the grand design of the product in the form 

of  flowchart and storyboards. All the components needed in the product development such 
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as matter explanation, exercises, questions, pictures, sounds, and musics were collected in 

this product planning step. The Chemondro wasthen being developed by using Adobe Flash 

Professional CS 6 program. The output of the program was an apk (android package) file. 

An apk file was a master file to install an application on android devices. 

The Chemondro was able to operate on android device with at least at version 4.0 

of android operating system.It was served all in bahasa Indonesia. The Chemondro served 

5 main menus: petunjuk (guidance), kompetensi (competency), materi (matter explanation), 

evaluasi (evaluation), peringkat (best score), and tentang (about).The main menu display 

was showed in figure 1a. 

   

(a)                          (b)                 (c) 

Figure 1. Menu display: (a) main menu; (b) petunjuk; (c) kompetensi 

Menu petunjukas seen in figure 1b contained a brief description of the buttons’s 

function. The menu was positioned on the first place among the other menus so that users 

can first read the instructions so they would easily use the media. The Menu button located 

on the top left of the display function to return to the main menu. 

Menukompetensi as seen in figure 1c contained the information ofStandard 

Competency, Basic Competency, and Learning Indicatorsthat used as reference in the 

Chemondro. All the competency was taken from Indonesian high school curriculum. 

Menu materi containedexplanations of solubility matter. It was served in the form 

of digital book and supported by appropriate images. The explanation was servedin several 

sections, namely (1) solubility; (2) konstanta of solubility product (Ksp); (3) factors 

influence solubility; (4) precipitation reaction; and (5) solubility in daily life.One of menu 

materi’s display can be seen in Figure 2a. 

Menu evaluasi contained exercises of the matter. It was served in the form of an 

adventure game. The game consisted of 5 level game in the order of easier to more difficult 

level.The initial level must first be passed to reach the levels above it. Before the game 

starts, there would be shown an animated story that motivate users to learn. After the story, 

user must log in by entering name and choose character that would be used in the game. 

Once log in, user would be given 10 lives. Each question that answered incorrectly will 

reduce one 's life. The game could not be continue if the user lives run out. Some questions 

in the game was bonus that could add the life of user. The questions in every level of the 

game came out randomly from the question bank provided. 
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               (a)                                 (b)                              (c) 

Figure 2. Display of: (a) menu materi; (b) 1st level of the game;(c) 2nd level of the game 

The 1st level of the game as seen in figure 2b was a true-false game. The 2nd level 

of the game as seen in figure 2c was a puzzle game. The 3rd and 4th level of the game as 

seen respectively in figure 3a and 3b was a random-words-puzzle and cross word puzzle. 

While 5th level of the game as seen in figure 3c was an olympiade game which contained 

multiple choices questions. 

   

                  (a)                                          (b)                                           (c) 

Figure 3. Display of the game: (a) 3rd level; (b) 4thlevel; (c) 5thlevel 

 

The last 2 menus in main menu was peringkat and tentang. Menu peringkat 

containedusers achievement ranking. Menu tentang served a description and a brief profile 

of instructional media developer with some buttons linked to correspondent the developer. 

Validating the Product 

Product validation was performed by a chemistry expert, an instructional media 

expert, 5 peer-reviewers, and 5 high school chemistry teachers. Chemistry expert assessed 

the learning aspect, instructional media expert assessed media aspect, while peer-reviewers 

and teachers assessed both of those aspect. The assessment of learning aspect shown in 

Table 2. Critics and suggestions from this step were used as initial product revision 

consideration. 
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Table 2. Assessment Result of Learning Aspect 

No 
Learnin

g Aspect 

Chem

istry 

Exper

t 

Peer Reviewer  Teacher 

Max 

Score I II 
II

I 

I

V 
V 

 

I II 
II

I 

I

V 
V 

1. Learning 25 
2

5 

2

1 
23 22 

2

3 

 2

3 

2

4 

2

3 

2

4 

2

3 
25 

2. 
Subject 

matter 
41 

4

1 

3

7 
40 40 

3

8 

 4

2 

4

0 

3

7 

4

0 

3

8 
45 

Total  66 
6

6 

5

8 
63 62 

6

1 

 6

5 

6

4 

6

0 

6

4 

6

1 
70 

Average 62,73 (89,61%)  

Quality 

Category 

Very Good 
 

 

The assessment of instructional media aspect shown in Table 3. This assessment 

was performed by instructional media expert, peer-reviewers, and teachers. 

 

Table 3. Assessment Result of Instructional MediaAspect 

N

o 

Media 

Aspect 

Med

ia 

Exp

ert 

Peer Reviewer  Teacher 

Max 

Score I II 
II

I 

I

V 
V  I II 

II

I 

I

V 
V 

1. 
Audio 

Visual 
45 

4

7 

4

5 
46 44 

4

7 
 

5

0 

4

7 

5

1 

4

8 

4

7 
55 

2. 

Rekayasa 

Perangkat 

Lunak 

21 
2

3 

2

3 
22 23 

2

2 
 

2

2 

2

1 

2

4 

2

3 

2

3 
25 

Total 66 
7

0 

6

8 
68 67 

6

9 
 

7

2 

6

8 

6

5 

7

1 

7

0 
80 

Average 68,54 (85,67%)  

Quality 

Category 
Very Good  
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Evaluating the Product 

Product evaluation was conducted in 2 steps, namely small group evaluation and 

large group evaluation. Small group evaluation was done to 9 students consisted of 3 

students in low level of academic performance, 3 students in middle level of academic 

performance, and 3 students in the high level one. Suggetions from the students on small 

group evaluation were used as revision consideration. Large group evaluation was done to 

30 students. Suggetions taken from this step were also used as revision consideration. 

Product was evaluated at 2 main aspects, namely learning aspect and operational and 

display aspect. The result of the assessment shown in Table 4. 

 

Tabel 4. Result of Evaluating Product 

N

o 
Aspect 

Average Score 

Max 

Score 

Small 

Group 

(9 

students) 

Large 

Group 

(30 

Students) 

1. Learning 19,00 21,20 25 

2. 
Operational and 

Display 
37,11 40,13 50 

Total 56,11 61,33 75 

Average 58,72 (78,29%) 

Quality Category Good 

 

Discussion 

The Chemondro was successfully developed in this research. The Chemondro also 

had been validated, evaluated, and revised. Result from the validation showed that the 

Chemondro has a very good quality. While from evaluation, Chemondro was assessed as a 

good quality instructional media. These results showed that the Chemondro was 

appropriate to use in chemistry class of high school. From evaluating step, students gave 

comments that Chemondro is easy to operate, attractive, and support their learning on 

sulubility. 

The Chemondro was developed in accordance with student thinking level. The 

level of human thinking follows the developmental stages starting from concrete thinking 

towards abstract thinking, starting from the simple to the complex one. The use of 
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instructional media was closely related to this stage of thinking. Due to the use of this kind 

of media, abstract things could be concretized and complex things could be simplified. This 

kind of instructional media can enhance learning motivation and cognitive learning 

outcomes (Sudjana & Rivai, 2011, p.3). Futher work, the Chemondro need to be tested as 

instructional media in the term of the media which able to improve learning motivation and 

learning outcome of students as shown at such older research by Matsuo et al. (2012, pp.34-

49), Sakat et al. (2012, p. 874), Anggraeni & Kustijono (2013, pp. 17-18), and Jabbour 

(2014, pp. 1-3). 

 

CONCLUSION AND SUGGESTION 

The Chemondro was successfully developed as android-based chemistry 

instructional media on solubility. The Chemondro had already validated and evaluated and 

being stated that it was appropriate to use in chemistry learning class of high school.For 

futher work, the Chemondro need to be tested as instructional media which able to 

contribute the improvement of student motivation learning and student learning outcome. 

Such kind of media also need to develop in other subject matter. 
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Abstract 

This article is a review of some articles of research on the learning of Science 

Technology Society Enviromental (STSE) about water pollution. In order for science 

learning is more meaningful and can be applied in life it requires a study to improve the 

scientific literacy of students. Science literacy society has the ability to use scientific 

knowledge, to identify questions and draw of conclusion based on the evidence in order 

to understand and make decisions with respect the nature and the changes made to nature 

through human activity. One of the main goals of science education is the realization of  

science literacy society. Reform efforts in many countries today is more emphasis on 

understanding of the nature of science and scientific inquiry. Results of PISA assessment 

of scientific literacy of students Indonesia is very alarming, based on these data it appears 

that Indonesian students have a very low scientific literacy, which is level 2 to 4 of the 

lowest level in comparison with other countries. The learning approach that can be used 

to overcome these problems in science learning is the use of learning approach Science 

Technology Society. Excellence using approach Science Society Technology that 

students can active role in the learning process and to show the role of science and 

technology in society. Through Science Society Technology students not only understand 

the concepts and principles, but students can also use the concepts and principles that 

have been understood and applied in life. 

 

Key word : science technology society enviromental, science literacy, water pollution. 

 

INTRODUCTION 

Science and Technology has grown rapidly so that today a lot of the results of 

science and technology that can be used for the benefit of society. Results of these 

development bring a variety of positive impacts on almost every aspect of life. On the other 

hand the development of science and technology may also have negative impacts for 

humans and the environment is environmental pollution. 

In Indonesia, the current problems of environmental pollution, especially pollution 

of rivers, lakes, or other public water by industrial waste, mining waste and household 

waste is a problem that is difficult to overcome. Water pollution is one of the environmental 

problems that need to get serious treatment of various parties and there needs to be a 

solution. Water pollution is also an issue or issues that are discussed in the actual society. 
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To deal with the impact of science and technology development, the teaching of 

science should be able to create human resources that became central to the success and 

continuation of national development. To create a quality of students the teacher can apply 

a variety of approaches in the learning process. One approach used to achieve the above 

objectives is to approach Science Society Technology Environmental (STSE), because this 

approach allows students play an active role in learning and to show the role of Science 

and Technology in community life. 

STSE approach has an important role in preparing students to face the globalization 

era that is able to provide a stock of knowledge to the students, in accordance with the 

development and progress of science and technology, and students can apply it in their 

daily lives. Through STSE students not only understand the concept and principle, but 

students also must have the ability to do something using the concepts and principles that 

have been understood for example by experimenting. To realize it is required of students 

who have an understanding of scientific ideas, intellectual ability, creativity, reasoning, and 

also have concern for issues and problems that occur in nature so that they can preserve the 

environment, health, and can make decisions on social policy for yourself and the global 

community. Hope this will be achieved if learners have scientific literacy. Scientific 

literacy is the ability to use scientific knowledge, to identify questions and draw 

conclusions based on the evidence in order to understand and make decisions with respect 

to the nature and the changes made to nature through human activity (OECD, 2009). It can 

also be stated that science literacy is the knowledge of being able to identify questions to 

gain knowledge and to explain scientific phenomena and to describe the conclusions based 

on the facts (PISA 2012). 

One program that measures how much the level of scientific literacy of students in 

the world is the PISA (Programme for International Student Assessment) conducted by the 

OECD (Organization for Economic Cooperation and Development). The program aims to 

test and compare the academic performance of students aged about 15 years (IX grade in 

junior high school and X grade in senior high school) in different countries. One of the 

characteristics of the PISA assessment is scientific literacy emphasis (scientific literacy) as 

the conceptual basis of the program. 

PISA assessment results for students' science literacy Indonesia are alarming. 

OECD report shows that the ratings scientific literacy of students Indonesia in 2000 was 

ranked 38th (of 41 countries), in 2003 the order to 38 (from 40 countries), in 2006 the order 

to 53 (from 57 countries), in 2009 the order to 38 ( from 40 countries) and in 2012 the order 

to 64 (from 65 countries). Based on these data it appears that Indonesian students have a 
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very low scientific literacy, which is ranked 2 to 4 of the lowest rankings in comparison 

with other countries. With the belief that Indonesian children have potential not least with 

children of other countries, of course, can be suspected that the learning is done in our 

country different from the demands of the times. Therefore, we need a study using STSE 

approach is expected to increase scientific literacy learners. So that they can thrive in the 

midst of modern society. 

Based on the description above, the writer interested in conducting research to see 

how the influence of the learning material STSE on water pollution increase scientific 

literacy students. 

 

DISCUSSION 

 Science Society Technology Enviroment is a new trend in science education. 

Science Society Technology is initially generated in the United Kingdom and the United 

States are now expanding every related countries, including Indonesia. Definition of 

Science Technology Society or "Science- Technology-Society" by the National Science 

Teachers Association (NSTA) is the study of science and technology in the context of 

human experience (Yager, 2010). Science Society Technology also means learning 

designed using social issues and technologies that exist in the environment as a trigger 

student in learning a concept. The addition of the environmental elements in this approach 

is based because it does not rule out the possibility that science and technology will also 

affect the environment. 

So, in this case the STS approach it is possible to add environmental elements (E) in 

the context that the development of science and technology can have a positive impact on 

the environment. This is supported by studies conducted by adding environmental elements 

in the approach of Science Technology Society. Rosario (2009) said that the STS approach 

with an element of L have the essential elements are identified as follows: (a) social 

reconstruction of critical (critical social reconstruction); (b) decision (decision making); 

and (c) the actions and sustainability (action and sustainability). 

Critical reconstruction requires students to understand the impact of science and 

technology is a product of human ingenuity that gives positive and negative effects. In other 

words, the approach of Science Technology and Environment Society is a pattern of 

learning that involves human experience, social issues, technology and society as well and 

the impact on the environment, so that learning becomes more apparent. Through this STSE 

approach, students were brought directly to study the object to be studied. In addition, by 

using this STSE approach students can feel real these problems through a process of 
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learning so as to make learning more meaningful. Further Rosario (2009) says that aspect 

of STSE approach is an activity that can come from the local community to make learning 

more relevant. 

Yager (2010) states that the purpose of learning Science Society Technology is as 

follows: (a) provide an opportunity for students to comparing and contrasting the science 

and technology as well as to appreciate how science and technology contribute to the 

knowledge and new influences; (b) provide examples from the past and present of the 

changes are very big in the field of science and technology brought the community, increase 

the economic and political processes; (c) provide / offer a global view of the relationship 

between science and technology on society, showing the impact on developing nations and 

the ecology of the earth. 

Hakan Aksay and Robert E.Yager (2010) states that learning Science Society 

Technology includes eleven important basic features, namely (a) the students identify the 

problems of the environment and the impact on the environment; (b) the use of local 

resources (matter and materials) to find information that can be used in solving the problem 

(c) the active involvement of students in search of information that can be applied to solve 

problems in real life; (d) the extra time learning outside the classroom, in the classroom or 

school; (e) focus on the impact of science and technology to every student; (f) the view that 

science is not something that is granted to students; (g) of pressure on the skill of the process 

every time just because they showed a special ability through scientific lab; (h) an emphasis 

on career awareness, especially careers related to science and technology; (i) opportunities 

for students to demonstrate the role in society that they are trying to solve the problem; (j) 

identification is the way in which science and technology could potentially provide a great 

influence for the future; (k) some autonomy in the learning process as the individual 

problems have been identified and used for teaching constituent. 

At Rosario (2009) describes the sequence of the implementation of the STSE approach 

to learning science. Learning begins with the problems in the neighborhood often happens 

in everyday life. After that, the students are given problems in the form of images, movies, 

news, and so on. Giving the problem at the beginning of the learning aims to enable students 

to think and be able to analyze these issues. Furthermore, students are given the motivation 

to be able to ask questions based on a given situation. These questions are written in a 

chalkboard that interaction. After that, the class discussion based on questions asked and 

continued by presenting the results of the discussion at the end of the analysis and 

evaluation of learning and the provision of action. 

In this study, the approach used is the approach of science learning technology 
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community by Anna Poedjiadi (2010) is divided into into four stages, stage invitational, 

concept formation stage, the stage of application of concepts in life, and strengthening the 

concept stage. In the first stage (invitation), students are encouraged to be promoted to the 

first knowledge of the concepts that will be discussed. If necessary fishing teachers by 

providing problematic questions about the phenomenon that is often encountered everyday 

by relating the concepts to be discussed. Students are given the opportunity to 

communicate, illustrate his understanding of the concept. In the second stage (concept 

formation), students are given the opportunity to investigate and find the concept by 

collecting, organizing, penginterprestasian data, in an activity that has been designed 

teachers. In groups / individual student activities and discussions. Overall, this stage will 

meet the students' curiosity about the phenomena around him. The third stage (application 

of concepts in everyday life), when students give an explanation and a solution based on 

observations and students can apply the concepts obtained in 2 stages in life. At this stage 

of kempat (stabilization concept), teachers provide reinforcement concepts to students, in 

case any misconceptions for teaching and learning take place. 

Scientific literacy (science literacy) is derived from the combination of two Latin 

words, which Literatus, meaning marked with letters, literate or educated: and Scientia, 

which means a good knowledge. According to CE de Boer (1991), the first to use the term 

scientific literacy is Paul de Hart Hurt from Stanford University. According to Hurt, 

Science literacy means understanding the actions of science and apply it to the needs of the 

community (Toharudin, et al: 2011). 

Scientific literacy according to the OECD (2003) defined as "the capacity to use 

scientific knowledge, to identify question and to draw evidence-based Conclusions in order 

to understand and help the make decisions about the natural world and the changes made 

to it through human activity". Scientific literacy is defined as the ability to use scientific 

knowledge, to identify questions and draw conclusions based on the evidence, in order to 

understand and make decisions with respect to the nature and the changes made to nature 

through human activity. 

It regards the definition of scientific literacy multidimensional scientific literacy, not 

only the understanding of scientific knowledge, but more than that. PISA also assesses 

students understanding of the characteristics of science as scientific inquiry, awareness of 

how science and technology shape the environment of material, intellectual and cultural, 

as well as the desire to engage in issues related to science, as a reflective man. Scientific 

literacy is considered a key learning outcomes in education at the age of 15 years for all 

students, whether or not to continue studying science after that. Scientific thinking is the 
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demands of the citizens, not just scientists. Inclusiveness scientific literacy as a general 

competency for life reflects the growing trend in the scientific questions and technological. 

Laugksch (in Toharuddin, dkk.2013) states that essentially scientific literacy includes 

two core competencies. First, competence for lifelong learning (longlife education), 

including equip the learners to learn at school further. Secondly, competence in using their 

knowledge to meet the necessities of life that are affected by the development of science 

and society. Science and technology literacy focuses on the implications of the problems 

that occur in people's lives that are local, regional, and national levels. Scientific literacy is 

also important because it can contribute to the social, economic, and improve decision-

making at the community level and personal. 

Along with the rapid development of science and technology, the definition of 

scientific literacy that have been raised PISA in 2003 already experiencing growth and 

change. In 2006, PISA defines scientific literacy is the ability to identify scientific issues, 

explaining phenomena scientifically, and use scientific evidence that in everyday life. Then 

in 2012, PISA science literacy do redefenisi contained in OECD (2013). 

PISA defines scientific literacy as: (1) individual scientific knowledge and the ability 

to use this knowledge to identify problems, acquire new knowledge, explain scientific 

phenomena, and draw conclusions based on the evidence relating to the issue of science; 

(2) understand the main characteristics of the knowledge that is constructed of human 

knowledge and inquiry; (3) sensitive to how science and technology shape the material, 

intellectual and cultural environment; (4) the willingness to engage in issues and ideas 

related to science. 

Toharuddin, et al. (2013) defines scientific literacy as a person's ability to understand 

science, communicating science (oral and written), and apply scientific knowledge to solve 

problems that have the attitude and the high sensitivity of the self and the environment in 

making decisions based on the decision based on considerations of science. 

PISA assessment was made for students to understand that science has a particular 

value for individuals and communities in improving and maintaining quality of life and in 

the development of public policy. Therefore, the questions focused on the PISA science 

literacy-related situation in individual, social, and global regulation as a context, or specific 

situations to exercise judgment. PISA science literacy assessment does not assess the 

context, but judging the competence, knowledge, and attitudes related to the context 

(OECD, 2013). 

PISA assessment in science literacy give priority to some competence, namely: 
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1. Identify scientific issues, ie to know the issues that may be investigated 

scientifically, identifying Keyword for scientific information, recognize the 

hallmark of scientific investigation 

2. Explaining scientific phenomena, namely applying science knowledge in a given 

situation, describing or interpreting phenomena and predicting changes, 

identifying description, explanation, and prediction accordingly. 

3. Using scientific evidence, namely interpreting scientific evidence and draw 

conclusions, gives reason to support or reject the conclusions and identify the 

assumptions made in reaching a conclusion, communicate the conclusions related 

to the evidence and reasoning behind conclusions and make reflections based on 

the social implications of scientific conclusions. 

 

PISA goal is to describe the extent to which students can apply their knowledge in a 

context that is relevant to their lives. Therefore, assessment of knowledge will be chosen 

from the fields of physics, chemistry, biology, earth and space science, and technology. 

One of the goals of science education is to develop students' attitudes that make them 

interested in scientific issues and then acquire and apply knowledge of science and 

technology for the benefit of personal, social, and global (OECD, 2013). PISA attention to 

attitudes towards science is based on the belief that a person's scientific literacy includes 

certain attitudes, beliefs, motivational orientations, sense of self-efficacy, values, and the 

main action. Science Literacy Assessment in accordance with the definition of scientific 

literacy in PISA, the question (item) test requires the use of science in the context of the 

competency involves the application of scientific knowledge and reflect the attitudes of 

respondents to the scientific and technological material. 

 

CONCLUSIONS AND  SUGGESTIONS 

In general concluded that learning to approach science community technology may 

provide an opportunity for students to prove directly in studying the object being observed, 

besides using the approach of STS is that students can feel the real problems that occur in 

the environment and surrounding communities, and can solve problems through the 

learning process, thus making the learning becomes meaningful. Learning with STS 

approach can improve scientific literacy is the ability to use scientific knowledge, to 

identify questions and draw conclusions based on the evidence in order to understand and 

make decisions with respect to the nature and the changes made to nature through human 

activity. It is suggested, in the classroom, especially the learning of science in order to 
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implement the literacy learning sainsn using scientific approaches to technology society 

enviromental. 
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Abstract 

This study aims to provide an overview for science teachers and science teachers’ candidates 

about science learning based on Science, Environment, Technology and Society (SETS) and to find 

the influences through students’ cross-disciplinary knowledge. This article will be examined by 

several things, such as: the importance of integrating aspects of SETS in science learning, the 

importance of cross-disciplinary knowledge as a learning process and results, as well as the 

correlation between science learning SETS based on students’ cross-disciplinary knowledge. After 

understanding the importance of SETS in science teaching and its influence on cross-disciplinary 

knowledge, teachers are expected to implement SETS in science learning in a proper way, therefore 

many goals can be achieved including the ability of students in terms of cross disciplinary 

knowledge. 

 

Keyword: Science Learning, SETS, cross disciplinary knowledge 

 

INTRODUCTION 

Sciences  is essentially a product of scientific, scientific process and scientific 

attitude that contain aspects of creativity and application. Knowledge of facts, principles, 

laws and theories in science is a product that can be achieved or obtained through a series 

of scientific process which is accompanied by a scientific attitude. 

One of the important goals in science learning is that students can understand the 

relationship between science, technology and society so the students can use their 

understanding to make decisions and solve problems  that occur around them (Chiappetta 

and Koballa, 2010: 197). Carin and Sund (1994: 52) states that learning science should be 

able to prepare human can use science and technology to improve their lives and can 

arrange everything that is around to support life. Therefore the learning experience of 

students should be linked to aspects of science, environment, technology and society. 

Many issues related to science, environment, technology and society is going on 

around the lives of students. The issue is a controversial problem that must be solved. The 

issue is usually a problem that is complex and requires knowledge across disciplines in the 

finish. Students who are less trained skills in combining several disciplines will have 

difficulties in resolving issues or problems that occur around them. One solution to 
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overcome this problem is through the SETS-based science learning. SETS-based science 

learning can integrate the issue into learning. This is in line with recommendations that 

advise the Indonesian government in integrated science teaching. 

Integrated science is an interdisciplinary subject that can facilitate and give students 

the opportunity to study the issues associated with science in everyday life (Caribbean 

2006: 1). Integrated science-based learning can be reached through the SETS. With SETS 

expected based science learning, learning becomes more meaningful and also can improve 

students' skills in terms of cross-disciplinary knowledge. 

 

DISCUSSION  

a. The Importance of SETS Base Learning in Science 

The advances of science is strongly supported by technological advances, and 

vice versa technology will influence the progress of science. Progress in science and 

technology will affect the environment and social life. By linking science learning with 

technology as well as usability and the needs of society, the concepts that have been 

studied and mastered the learners are expected to be useful to themselves and can be 

used to resolve the problems it faces social and environmental issues (Poedjiadi, 2005: 

84). 

According to Kumar & Chubin (2000: 16) some of the advantages that can be 

obtained by learners through STS approach, namely: 1) to obtain a lot of information 

that can raise awareness of issues relating to science and technology was going; 2) be 

able to analyze issues critically; 3) development of awareness of how technology affects 

on his life, and how they interact; 4) a growing number of students who choose to 

continue their studies in the field of science and technology. 

SETS applied learning approach in the classroom by a teacher will be able to 

change the thinking of students, because of his knowledge of science and technology 

taught with the application of the principles of science and technology and its impact on 

society and the environment (Wilujeng, 2011: 6). In addition to the SETS based learning 

student learning outcomes can be improved significantly (Nuray Yoruk, 2010: 1417). 

 

Based on some opinions regarding the advantages SETS based learning can be 

concluded that the SETS based learning can improve critical thinking skills, increase 

high-level thinking skills (high order thinking), as well as the ability to solve problems. 

Therefore it is very important for teachers to know the characteristics and step SETS 

based learning. 
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SETS based learning develops from STS (science technology society)- base 

learning with the addition of elements of the environment. The addition of elements of 

the environment aims to make the process more meaningful science learning for learners 

so that learners can be more concerned about the environment, and can survive or persist 

in the environment. 

Based on the historical development of science education in America, the term 

STS appears at the end of the first revolution of science education in America is about 

1978 (Mc Cormack, 1992: 26). At the moment it started many schools that implement 

science education, the environment and technology in the curriculum. 

Opinions Yager (1992: 2) regarding the STS program on curriculum indicates that 

the primary mission of STS program is shaping students into citizens who are literate in 

science and technology and can think globally and act locally. In this mission required 

active participation and awareness of students to the issues that exist in the environment 

so that students can have the ideas and discussions in order to solve the problems 

associated with the impact of science and technology. 

Learning approach which raised the issue of science and technology according to 

Carin and Sund includes three steps such as motivational exercise, expansion 

information, and a culminating activity (Carin and Sund 1994: 59). At this stage of 

motivational exercise teachers provide learning materials and present a real or 

hypothetical situations in the form of issues, so as to attract the attention of students, 

and student observed, inference, ask questions, and interact with one another. At this 

stage of expansion motivational teachers convey new information with the help, for 

example, modules, audiovisual media or by presenting the figures. At the culminating 

stage of the activity the teacher gives a new problem that can be solved by reference to 

the two students' previous learning step. At this stage the teacher acts as a facilitator. 

Poedjiadi (2005: 125) explains that science technology sciet as a learning 

approach can be a learning model because of the particular pattern in the learning 

process that uses STS approach. Stages in STS models consist of these way: 

1. Preliminary activity in the form of initiation, invitational, apperception, exploration 

of students on issues related to science, technology and society 

2. The formation and development of the concept by analyzing issues 

3. Stabilization of the concept of the proposed application of concepts in life to resolve 

problems 

4. Assessment (Poedjiadi, 2005: 126). 

Based on the various opinions of the SETS based learning steps, it can be 
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concluded that the learning approach must bring SETS  issues in the classroom. The 

importance reason of presenting controversial issues in science teaching proposed by 

Wellington and Ireson (2012: 269), among which: 

1. It is a way that can make the material to be interesting, meaningful, amazing and 

relevant so as to increase the motivation of students. 

2. It is a way of describing the real science, for example, the concept of science that is 

not always certain, true, trustworthy and without problems. 

3. Students can gain value, process skills and an understanding of the issues related to 

scientific controversy. 

Based on the many benefits that can be gained through learning science that 

presents a controversial issue, it can be said that there are many advantages gained 

through learning science-based SETS. 

 

b. The Importance of Cross Disciplinary Knowledge 

Cross-disciplinary knowledge is one sub-category of foundational knowledge. 

Foundational knowledge is one of the 21st century competencies in addition to meta 

knowledge and humanistic knweledge. Foundational knowledge consists of a sub-

category of cross-disciplinary knowledge, core content knowledge, as well as digital / 

ICT literacy (Kareluik et al 2013: 130). Chart of the XXI century kompetansi can be 

seen in Figure 1. 

Kereluik et al (2013: 130) explains that the cross-disciplinary knowledge is 

knowledge that integrate and synthesize information from various fields of scientific 

study. Cross-disciplinary knowledge needed to address issues and problems related to 

science, environment, technology and society are complex and can only be solved from 

the point of view of various disciplines. 

Many terms are used to describe the integration of disciplines including 

intradisciplinary, crossdisciplinary, interdisciplinary, multidisciplinary and 

transdisciplinary (Nordahl & Serafin, 2008: 94). Scientific hierarchy expressed by some 

experts say that based intradisciplinary cross disciplinary and cross-disciplinary 

knowledge will join the new skills underlie several disciplines in order to solve various 

problems. The more complex the problem, the necessary cross-disciplinary skills 

increasingly complex as well, so that cross-disciplinary knowledge is indispensable as 

a basis for solving various problems. 

Based on the stage of intellectual development proposed by Piaget, junior high 

school age children are in a transitional phase between the operational phase of the 
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concrete to the abstract operations. Therefore it should be trained junior high school 

students in crossdisciplinary thinking skills. Even if possible, could be improved on 

multidisciplinary, interdisciplinary and transdisciplinary. To train students to think in a 

way crossdisciplinary can be done by integrating certain topics or concepts in learning. 

Integrating some of the topics and concepts with several related disciplines will 

make learning more interesting and meaningful, so that children will better understand 

a topic or concept from various viewpoints, skilled make comparisons and make 

relationships (Howe & Jones, 1993: 321). Another advantage of the integration of the 

model put forward by the Michigan Department of Education (2014: 2-4) such as: 

building a concept clearer, more in-depth knowledge, enabling individuals, improve 

motivation, increase sensitivity in the community, brain development, as well as some 

acquisition award. 

The amount of profits gained through the integration of disciplines shows that 

cross-disciplinary knowledge is crucial to be trained. Pennington (2008: 7) states that 

collaboration across disciplines (cross-disciplinary collaboration) depending on 

whether or not a conducive environment is created when building motivation and 

interaction as well as the concept together. Furthermore, Pennington (2008: 8) states 

that the characteristics of the process of integrating multiple disciplinary perspectives, 

include 1) focusing on one discipline; 2) connecting one field study of science with 

other fields of study; and 3) using divergent or convergent method to select and 

categorize the ideas that emerge. 

Thus the child is said to have cross-disciplinary knowledge is characterized by 

ability: 

1. Identify ideas that are in issue 

2. Using divergent and convergent methods for selecting and grouping ideas that 

emerge 

3. Using models connected to link concepts 
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Figure 7. Competence of 21st Century (Kereluik et al, 2013:130) 

 

c. The Linkages between SETS with Cross Disciplinary Knowledge  

SETS as an approach or model in the science teaching in essence can be reviewed 

on the assumption of a basic understanding of Science, Environment, technology and 

society, as well as the interaction between the four components, and its association with 

the aim of learning science. 

Science learning objectives can not be separated from the dimensions of the 

nature of science itself. Science according to Chiapetta and Koballa (2010: 105) consists 

of four dimensions such as: (1) science as a way of thinking, (2) science as a way of 

Investigating, (3) science as a body of knowledge, and (4) science and its interaction 

with technology and society. 

Aikend (Prasetyo, 2014: 49) states that the technology is the study of nature and 

the creation or engineering solutions from and to humans in dealing with the problems 

and challenges of the environment/nature. Technology requires basic knowledge, skills 

of design, development and produce results that are useful for solving the problem at 

hand (Prasetyo & Fatonah, 2014: 49). Technology requires creative thinking, skills and 

values and benefits to human life. Thus the technology is designed for service to the 

community. 

Society implies everyday social environment, technology, social institutions, 

social and cultural aspects and values embraced by a community group (Prasetyo & 

Fatonah, 2014: 50). According to Yager (Prasetyo & Fatonah, 2014: 51) the impact of 
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science and technology on society is in terms of social responsibility, form opinions and 

social issues, decision-making and social action, resolving practical problems and 

social, as well as contribute to economic development, political, military, and ideas in 

the field of socio-cultural. As for the influence of society on science and technology is 

in terms of control of funds, policies, activities of scientists, industry, military 

development, moral and ethics in research and engineering, and education institutions 

(Prasetyo & Fatonah, 2014: 52). 

Based on the understanding of technology as well as its relevance to science, the 

environment and society, it can be said that science, environment, technology and 

society influence each other. Science, environment and technology is an integral part of 

society. While the students are part of society, so that the stale science, environment and 

technology should be an integral part of learning. 

SETS-based science learning has a characteristic that presents issues related to 

science, environment, technology and society. An issue of containing the problem to be 

solved, but not all problems can be said as an issue. The issue is an issue that is 

controversial. According to Wellington and Irreson (2012: 269), the problem will be a 

controversial issue when: 

1. There was a scientific debate or disagreement about the causes, theories, and facts 

2. Debate and disagreement about the application of science and its impact on the 

environment, human, animal and so on. 

SETS related issues presented in class will attract the attention of students and to 

increase the motivation of students to solve problems. The issue is usually a problem 

that is complex. It takes a lot of knowledge from different disciplines to solve problems 

related to the SETS issues. Various such knowledge could be owned by someone, but 

usually someone only has a certain knowledge, so that the necessary collaboration to 

integrate knowledge. Through SETS-based science learning students are given the 

opportunity to observe, discuss, collaborate and communicate to solve problems. Thus 

it can be said SETS-based science learning can train students in the skills of combining 

several disciplines, so that the cross disciplinary knowledge of the student will be 

increas 

 

CONCLUSION AND SUGGESTION 

Science should be taught in an integrated manner. SETS based learning through 

science knowledge will be integrated with environmenta, technology and society. SETS-

based science learning presenting issues around  daily lives of the students. The issue is a 
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problem that is controversial and needs to be solved. In solving complex problems usually 

requires knowledge across disciplines. SETS based learning can train students in the skills 

of linking and integrating several disciplines, so that cross-disciplinary knowledge of the 

students can be increased. 
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ABSTRACT 
This research aim is develop the potential of Desa Wisata Lingkungan Sukunan 

(DWLS) as learning resources through Rural Tourism with Science, Environment, 

Technology, and Society (SETS) Approach to improve student’s science, environment, 

technology, and society interrelatedness comprehension of environmental management 

material. The development products are teacher manual, rural tourism worksheet, material 

booklet, guide manual, and DWLS governor manual. The method to develop DWLS rural 

tourism products is ADDIE research and development model that consists of analysis, 

design, development and production, implementation, and evaluation step. The students 

of SMA N 2 Yogyakarta as the subjects in the implementation step were given a pretest 

and posttest to see the effect of rural tourism through the SETS Approach in DWLS on 

the science, environment, technology, and society interrelatedness comprehension on 

environment management material. The data were analyzed qualitative descriptively.  The 

research result is rural tourism through the SETS Approach in DWLS can improve SMA 

N 2 Yogyakarta student’s science, environment, technology, and society interrelatedness 

comprehension of environmental management materials. 

 

Keywords:  Rural Tourism, SETS Approach, interrelatedness comprehension, Desa 

Wisata  Lingkungan Sukunan, environmental management. 

 

INTRODUCTION 

Local potential of tourism can be used as a resource of biology learning through 

edutourism. The facts indicate that the tourist areas have not been used optimally as 

learning. Many tourist who visit just for refreshing. Darsiharjo (2010: 9) revealed that 

tourist activity can be used as a technique to develop a scientific attitude. The strategy by 

preparing and create a set of rules that can affect and support the formation of a scientific 

attitude in the tourist areas. Biology education emphasizes the interaction between students 

and the object being studied. These interactions provide opportunities for students to 

practice to learn and understand how to learn, develop the potential of rational thought, 

develop skills, and introduce the problems of biology. Environment around the student is 

able to illustrate the concept of environment management. Teachers should include local 

potential as a learning resource containing the environmental consequences of development 

environmental management concept. Edutourism in the 1st Annual International 
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Conference on Sustainable Edutourism interpreted as a journey that aims to learn formally 

or informally, in an environment that has a unique local tourism. Edutourism can be 

ecotourism, heritage tourism, rural tourism, farm tourism, community tourism, and student 

exchange. Rural tourism can be used as a solution the use of local potential tourist village 

environmental management as a learning resource for tourist. 

Desa Wisata Lingkungan Sukunan (DWLS) is one of the local potential of tourism 

in Sleman Yogyakarta that has potential as a environmental management learning resource. 

DWLS has tourist attraction like agriculture, farming, agriculture, fisheries, integrated 

waste management systems, green technologies, and energy-saving technologies that have 

been developed in local communities. Tourist attraction that can be used as an 

environmental management learning resource and environmental education facilities for 

tourists. Therefore, it is appropriate if DWLS attractions packed into ecosystem and 

environmental management learning resource through rural tourism. 

DWLS rural tourism is one form of tourism that tourist can learn and refresh at the 

same time. Tourist expected to understand the relationship between science, environment, 

technology, and society in tourism area. Understanding the relationship of science, 

environment, technology, and society is important for students to have technology and 

scientific literacy and environmental awareness. Based on the results of PISA 2009 and 

2006 showed that Indonesia students' science literacy is at  low level and Indonesia get 

ranked 57th out of 65 countries (Hakim, 2012: 2). Students will understand the concept of 

environmental science, realize that the environment is a part of science, know the selection 

of the technology developed in the community based on the characteristics of the 

community, and realize the important role of technology for society and environment. An 

approach to learn that is able to understand the relationship between science, environment, 

technology, and society in the concept of environmental management is Science, 

Environment, Technology, and Society (SETS) learning approach. 

Students can learn environmental management through rural tourism by linking 

elements of science, environment, technology and society's role in DWLS.environmental 

management. Students are expected to be able to think critically and understand 

comprehensively by pay attention the elements of SETS in environmental management 

concept. Science that related to ecosystems in human life is always necessary to people 

have environment awareness. The role of science is understood and internalized in public 

life, will be able to increase public awareness of the environment, which in turn will be 

able to improve the common welfare (Poedjiadi, 2010: 65). The learning process that 

developed the concept of science, pay attenttion its use in technology, and its impact on the 
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environment and society is learning through SETS approach. SETS approach applied in 

learning is important to improve science and technology literacy and environmental 

awareness. Therefore, SETS approach necessary applied on DWLS rural tourism in 

environmental management concept. 

The aim of this research is to develop the potential of DWLS as environmental 

management learning resource through rural tourism with SETS approach to improve 

students' understanding the interrelatedness of science, environment, technology, and 

society aspects. The products from this research are manual for DWLS stake holder, 

manual for DWLS guide, worksheets for tourists (students), manual for teacher, and 

material booklets about DWLS environmental management. 

 

RESEARCH METHOD 

Rural tourism products development with SETS approach in DWLS is a research 

and development (R & D) using ADDIE development model that adapted from Dick and 

Carey Model. Stages used in the development of rural tourism product are: (1) Analysis 

Phase, includes the identification of learning objectives and instructional, students, and 

context analysis; (2) Design Phase, consist of writing learning objectives, develop 

framework of product (outline), determination of systematics and design evaluation 

instruments; (3) Development and Production Phase, consist of develop assessment, 

develop learning strategy, develop and selection the materials, 1st editing and revision; (4) 

The Implementation phase, consist of design and implementation of formative evaluation 

and 2nd revision; (5) evaluation phase, consist of design and implementation of summative 

evaluation (Dick, Carey, Carey, 2005: 6-8 and Purwanto and Sadjati, 2004: 415-423). 

Rural tourism products trials conducted using a quasi-experimental method with 

Pretest Posttest Group Design. 

Table 1. Research Design Group Pretest Posttest Design 

Group Pre-Test Treatment Post-Test 

Treatment Class O X O 

Description : 

X = DWLS rural tourism with SETS approach on environmental management concept 

       using rural tourism development products 

O = Pretest Posttest student’s science, environmental, technology, and society concept  

       interrelatedness in environmental management materials. 

Assessment quality of rural tourism development product use assessment questionnaire 

instruments with below details. 
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Table 2. Assessment Instruments List 

Assessment Instruments Respondents 

Assessment Questionnaire Teacher's Guide Biologi Teachers 

Questionnaire Assessment Worksheet  Biologi Teachers and Students 

Questionnaire Assessment Booklet Content Biologi Teachers and Students 

Questionnaire Assessment Guide Manual Guide  

Questionnaire Assessment Stake Holder Manual DWLS Stake Holder 

To understand whether DWLS rural tourism through SETS approach can improve 

understanding of science, environment, technology, and society interrelatedness in 

environment materials is used test instruments in the form of essay question. Determining 

criteria improvement of learning outcomes in DWLS rural tourism using gain score 

system with standards: 

Table 3. Criteria Improving Learning Outcomes of Gain Score 

Category Gain Score (g) 

High g ≥ 0,7 

Medium 0,7 > g ≥ 0,3 

Low g < 0,3 

The subject of extensive trials of this study include: (a) 48 students of SMAN 2 Yogyakarta; 

(b) 2 stake holder in DWLS (c) 8 tourist guides; (d) 4 biology teachers of SMA Negeri 2 

Yogyakarta; and (e) 6 biology teachers of MGMP Sleman. 

 

RESULT AND DISCUSSION 

DWLS Potential as Environment Management Learning Resources  

DWLS environmental management can not be separated from the aspect of science, 

environment, technology, and society. The following is a study result of the DWLS 

potential as learning resource that packaged in many of learning post: 

Table 4. Learning Objects in DWLS Packaged in Learning Post 

Learning Post Potential Source of Learning 

Solid Waste 

Management 

Aspects of Science: 

a. Types of waste 

b. Solid waste management 

c. Principles of waste separation 

Environmental aspects: 



 

418 
 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

a. The problem of mismanagement of waste in society and 

its impact on the environment 

b. The benefits of solid waste management for the 

environment 

Aspects of Technology: 

a. The waste sorting technology 

b. Solid Waste Management Technology 

Aspects of Society: 

Benefits of solid waste management for micro-economic 

and community development 

Composting Aspects of Science: 

a. Compost from organic waste 

b. Effect of natural inoculant use in the composting process 

Environmental aspects: 

a. Reducing organic waste through composting 

b. The advantages of using compost for the environment 

Aspects of Technology: 

a. Composting method 

b. Method for making a natural inoculant 

Aspects of Society: 

Benefits of organic waste management into a compost for 

community 

Green and Energy 

Saving Home  

Aspects of Science: 

The principle of energy-saving and environmentally 

friendly 

Environmental aspects: 

The benefits of green and energy efficient homes to the 

environment 

Aspects of Technology: 

Green and Energy Saving home technology  

Aspects of Society: 

Society as originator and pioneer of green and energy-

saving homes  

Water Conservation Aspects of Science: 
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a. Water cycle 

b. Understanding of surface water 

Environmental aspects: 

Water conservation 

Aspects of Technology: 

Water conservation technology 

Aspects of Society: 

Benefit of water conservation technology to society 

Organic Farming Aspects of Science: 

a. Components of organic agriculture ecosystems 

b. The energy flow in the organic agriculture ecosystem 

c. The biogeochemical cycle in organic agriculture 

ecosystem 

Environmental aspects: 

a. The energy flow effectiveness of organic agriculture 

b. The advantages of organic agriculture for environment 

Aspects of Technology: 

Organic agriculture technology 

Aspects of Society: 

The advantages of organic agriculture systems for the public 

Communal farms Aspects of Science: 

a. Components of the communal farm                          

ecosystem 

b. The flow of energy in the ecosystem communal farm 

c. The biogeochemical cycle in the communal farm 

ecosystem 

Environmental aspects: 

a. The effectiveness energy flow of communal farm  

b. Benefit of communal farm on the environment 

Aspects of Technology: 

a. Farm waste management technology 

b. Technology utilization of farm waste to biogas 

Aspects of Society: 

Advantages of communal farm system for the community 
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Biogas technology Aspects of Science: 

a. Energy crisis problem 

b. Biogas 

c. Alternative energy 

Environmental aspects: 

Solutions to energy crisis problems of through biogas as 

alternative energy  

Aspects of Technology: 

Biogas technology 

Aspects of Society: 

Biogas benefits for society 

Rural tourism is an integration of education into tourism in village, tourist refresh but do 

not forget to study about what they observe in  tourist area. Here is a rural tourism activities 

that can be offered as a package holiday for students: 

Table 5. Rural tourism package in DWLS 

Rural tourism package “Not Forever Trash Is Trash” 

Learning 

Post 

Learning Aspects  

(Education) 

Refreshing Aspects 

(Tourism) 

1 Analyse Solid Waste 

Management 

DWLS distinctive art, such as jathilan, the 

orchestra, the chorus of PKK that hava theme 

about environment. 2 Observe 

Composting 

3 Learn Concept of 

Green and Energy 

Saving Home  

Shopping like souvenirs of DWLS, such as home 

furnishings for green and energy saving home. 

4 Learn Water 

Conservation 

Technology 

Culinary in DWLS, such as eel crisps, tempe and 

other Javanese foods. 

5 Learn Concepts of 

Reduce, Reuse, 

Recycle 

Souvenir Shopping of DWLS, such products of 

reduce, reuse, and recycle. 

6 Learn Concepts of 

Organic Agriculture 

The attractiveness of beatiful scenery of DWLS 

agriculture. Students can be encouraged to plant 

paddy, plowing, or enjoy the atmosphere of 
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agricultural village with gazebo availability. 

7 Learn Liquid Waste 

Management 

Fotogenic zone, students can look for the best 

location to take pictures for themselves. Sukunan 

village ponds can also be used for fishing tourist 

attraction. 

8 Learn Concept  of  

Communal Farm 

Natural scenery of communal farm village. 

Tourists can be invited to be familiar with farm 

animals and feeding cattle. 9 Learn Biogas 

Technology 

Curriculum studies conducted to make competencies mapping that will be used in DWLS 

rural tourism. Below are the basic competecies: 

3.11 Describing the role of ecosystem components in the energy flow and biogeochemical 

cycle  

        and the use of ecosystem components for life 

3.12 Identify the types of waste and recycling of waste also make waste recycling products 

4.14 Observe an ecosystem and identify its components and describe the relationships 

between  

        components and their relation to the flow of energy 

4.15 Make biogeochemical cycle chart (nitrogen/carbon/sulfur/phosphorus cycles) of the  

        results of a literature review. 

4.16 Make the waste recycling products which can be useful for life 

Basic competences are used is described in the form of indicators below: 

3.13.1. Determine solutions to water crisis problem. 

3.13.2. Determine solutions to energy crisis problem. 

3.13.3 Explain biogas technology. 

3.14.1 Applying the concept of the waste types. 

3.14.2 Determining the solution to the waste management mistakes problems. 

3.14.3 Simulating organic waste composting procedure. 

3.14.4 Suggest waste water treatment technology. 

4.14.1 Describe the relationship between ecosystem components and their relation to the 

energy  

           flow of organic agriculture and communal farms in DWLS. 

4.15.1 Create nitrogen and carbon cycles chart. 

4.17.1 Create a design of solid waste recycle product through reduce, reuse, or recycle. 

Rural Tourism Development Product   
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Leerning objects that potential to be studied by tourist (students) in DWLS then developed 

into instructional organization that is contained in the teacher's manual, manual guide, 

DWLS stake holder manual, students worksheet, and materials booklet of DWLS rural 

tourism for students. 

1) Rural Tourism Manual for Teachers 

Manual consists of three parts, Part I. Introduction of DWLS Rural Tourism, Part II. 

DWLS Rural Tourism with SETS Approach to Improve Understanding of Science, 

Environment, Technology, and Society Interrelatedness Concept on Environmental 

Management Materials, and Part III. Rural Tourism Learning Equipment consists of (1) 

syllabus and (2) lesson plan. 

2) Rural Tourism Worksheet for Students 

Worksheet consists of two learning activities, 1st Learning Activities. Not Forever Trash 

Is Trash consist of (1) Sub-Activity IA Waste Sorting Learning; (2) Sub-Activity I.B. 

DWLS Waste Management; (3) Sub-Activity I.C. Organic Waste Composting; (4) Sub-

Activity I.D. Liquid Waste Treatment; (5) Sub-Activity I.E. Technology of Reduce, 

Reuse, Recycle Solid Waste and Learning Activity II. Energy for Life consist of (1) Sub-

Activity II.A. Green and Energy Saving Home; (2) Sub-Activity II.B. Water 

Conservation; (3) Sub-Activity II.C. Energy Flow and Biogeochemistry Cycle between 

Organic Agriculture and Communal Farm in DWLS; (4) Sub-Activity II.D. Alternative 

Energy Biogas.  

3) Booklet Environment Management Material, Adaptation of DWLS Environment 

Management 

Booklet consists of two learning materials, 1st learning material. Not Forever Trash Is 

Trash consists of (1) Definition and classification of waste; (2) Waste as Environmental 

Issues; (3) How Should Manage Waste?; (4) Waste Management in DWLS; (5) 

Community Empowerment Through Environmental Management in DWLS; and (6) Do 

You Know?. 2nd Learning Material. Energy for Life consists of (1) Ecosystem 

Component; (2) Energy Flow and Biogeochemistry Cycle; (3) Water and Energy Crisis 

Problems; (4) Green and Saving Energy Home; (5) Water Conservation Technology in 

DWLS; (6) Biogas as Energy Alternative; and (7) Do You Know? 

4) Manual for Guide 

Manual for guide consist of two parts, Part I. Potential of DWLS as Edutourism and 

Part II. Rural Tourism DWLS Guiding 

5) Manual for DWLS Stake Holder 

Manual for stake holder consist of two parts, Part I. DWLS Potential for Rural Tourism 
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Development consist of (1) Edutourism Important Role in Tourism Sustainability; (2) 

DWLS Potential for Rural tourism, (3) Potential Map of DWLS as Environmental 

Management Learning Resource; (4) The concept of DWLS Tourism and Part II. Rural 

Tourism DWLS, consists of (1) The concept of Rural Tourism through SETS approach 

and (2) Technical of DWLS Rural Tourism. 

Evaluation Result of DWLS Rural Tourism Products  

The five rural tourism product has been refined from phase design, development, 

implementation, and evaluation. Products components that become the focus of 

development are the feasibility of the content, presentation, linguistic, and graphic. Overall, 

five products of rural tourism development is good considered to the feasibility of content, 

presentation, linguistic, and graphic. That five products are used to improve student’s 

science, environment, technology, and society interrelatedness comprehension of 

environmental management material through DWLS rural tourism. In extended trial, 

student’s science, environment, technology, and society interrelatedness comprehension of 

environmental management is increase that proven by the average score of pretest and 

posttest. Here is average score of student learning outcomes in the form of diagrams: 

 

Figure 1. Interrelatedness Domain Pretest-Postest Result  

The results of extensive trial prove that the average of increase learning outcomes (gain 

score) cognitive domain science, environment, technology, and society interrelatedness is 

moderate. Figure 2 show the percentage of students gain score in extensive trial based 

assessment that have applied. Figure 3 show the persentage of students completeness in 

topic environmental management cognitive assessment domain science, environment, 

technology, and society interrelatedness 

 

 

 

 

0

20

40

60

80

100

S
tu

d
en

ts
 S

co
re

Pretest

Posttest



 

424 
 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

Figure 2. Percentage of Students Gain Score     Figure 3. Percentage of Students 

Completeness  

 

Student’s science, environment, technology, and society interrelatedness comprehension of 

environmental management material is low. It is shown from the pretest posttest average 

score quite low, at 49.3 and 79.5. In addition, the gain score and completeness data shows 

that the value of the average gain score still moderate and the percentage of students who 

have not completed 38%. This shows that students have obstacles in solving the case on 

material environmental management that should be interrelated between science, 

environment, technology, and society. That case possible because: 

1) Students are not habitually facing essay questions that need answers in the form of 

interrelatedness of science, environment, technology, and society especially in 

environmental issues. In other words, students are not habitually to looking at the 

environmental management problem in a comprehensive way. 

2) Students are habitually to learn monodisciplinary, while the environment management 

issues should be studied in a multidisciplinary. 

This should encourage biology teacher to make improvements in learn methods, so that 

students are able to think comprehensively in the study environmental management 

material. 

  

CONCLUSION AND SUGGESTION 

Conclusion from the study is DWLS rural tourism through SETS approach can improve 

student’s science, environment, technology, and society interrelatedness comprehension of 

environmental management material. Suggestions for utilization of rural tourism products 

are as follows: 
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1. Schools in Yogyakarta, especially those who close to DWLS should use DWLS in 

environment management learning to improve student interrelatedness of science, 

environment, technology, and society understanding. 

2. DWLS should conduct socialization and cooperation with schools, especially the high 

school level, which at the DWLS rural tourism has been developed to study biology and 

has a learning device that can be used in the implementation. 

3. Learning about environmental management and ecosystem not only in class, but the 

outdoor so that students can learn directly from the surrounding environment, such as 

in DWLS through rural tourism with SETS approach. 
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Abstract 

Education is the main way to form character building all people in accordance with the 

constitution. At the time, education was done to form human becoming the full gold generation 

of Indonesian in the 21st century. History of education noted that education in Indonesian accordance 

with the philosophy of Ki Hajar Dewantara as Father of education in Indonesian. There are three 

philosoph that involve all people must know it. It is namely ing ngarso sung tulodo, ing madya 

mangun karso, and tut wuri handayani. Until now in the 21st century,  it  is still eminent. It is task in 

our country to build character in education of the 21st century. It includes five aspects. It is: building 

human intelligent and well attitude, priority to cooperation than individualism, organizing the 

literacy of mentality, thinking, feeling, and action, Priority of quality than quantity; and 

teaching conflict resolution. It is the fifth key of the success of education 21st century. It can be a 

part in education systems and can be taught by math teacher. It must be passed by the gold generation 

of Indonesian through education system. Learning mathematic is a part of education system to bring 

all students knowing development science and technology. Learning mathematic also make all 

students to critical thinking, consistency, and active.  Accordingly, learning mathematic in school 

give students to build their knowledge, skill, and attitude be better than before. 

 

Keywords:  character building, gold generation of Indonesian 

 

BACKGROUND  

Now, young generation in Indonesia have enormous quantity. Young generation 

and gold generation is same. Indonesia through independent day 100 years prepare many 

gold generation to become nations people. Gold generation will be established by education 

system. Education is something urgent to do. Education is a responsibility by all 

people. Not only are educators like teacher or lecturer but also all lining profession take a 

part to successful education. Because, all people who involve education will be back again 

in public society and do interaction in it. Alike students, the philosophy of education 

of Indonesia which was conceived by Ki Hajar Dewantara is ing ngarso sung tulodo, 

ing madyo mangun karso, and tut wurihandayani always relevant with the goals of 

curriculum everywhere. Not only in Indonesian but also in other country, for example 

Japanese using lesson study. Lesson study based on Ki Hadjar Dewantara philosophy.  

This philosophy is the background the existence of the goals educational in 

Indonesia. Ki Hadjar Dewantara gived suggest to all people by philosophy. It is main topic 

to build character the young generation. Indonesia generation had responsibility to bring 

Indonesia be better then before. Building character in the 21st century is responsibility to 

all people. It can be passed by education system. In education system, there is curriculum 
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arranged by government. Oliva (1992: 9) said that “curriculum is the plan or program for 

all experiences which the learner and encounters under the direction of the school”. It 

means student in school had programed. According to Cohen and Harrison (Lovat & Smith, 

2003: 9) “on the one hand, curriculum as intention comprises a progresively modifiabel 

plan of areas of learning and growth for an individual or a group of learners focussed upon 

an educational centre, incorporating a set of objectives, a set of learning experiencess and 

suggestion for their organisation techniques for evaluating learning outcomes. On the other 

hand, curriculum as reality is what actually happens to the person or persons, arising from 

a complex network of interactions between people responding to a diverse array of 

influences, explicit and implicit, human and physical”. Curriculum also arranged learning. 

It is arranged based on Indonesian National Qualification framework (INQF).  

Learning is curriculum imply. One of them is learn mathematic. Learning 

mathematics is a part education system. many people is not aware how mathematic can 

build character of students. Building charater is a goal curriculum revision. Mental 

revolution is a part in curriculum. Learning mathematic try to answer this problem. How 

learning mathematic in this 21st century can answer phenomena character people with 

different culture? In this paper want to explain character building in the 21st century by 

learning mathematics. 

 

DISSCUSION 

Mathematics is the “science of patterns” Steen (NCTM, 2000: 360), 

representations are the means by which those patterns are recorded and analyzed. As 

students become mathematically sophisticated, they develop an increasingly large 

repertoire of mathematical representations and the knowledge of how to use them 

productively. This knowledge includes choosing specific representations in order to gain 

particular insights or achieve particular ends. Mathematics mentioned large or small 

number, it is expressed in scientific notation, their magnitudes are easier to compare and 

they can more readily be used in computations. Like science, electronic technologies 

provide access to problems and methods. In order to use the technologies effectively, 

students will need to become familiar with the representations commonly used in 

technological settings. For example solving equations or multiplying matrices using a 

computer algebra system calls for learning how to input and interpret information in 

formats used by the system. Accordingly the prove, mathematics is a part science and 

technology development.  
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A. Learning Mathematics 

Learning mathematics is one of six principle in school mathematics. In learning 

mathematics NCTM (2000: 11) noted that “students must learn mathematics with 

understanding, actively building new knowledge from experience and prior 

knowledge”. Learning mathematics involve logical of students. Many people believe 

that cognitive development and neurological human is coherent and organized. In 

cognitive neuroscience Piaget’s claim that neurological maturation is a major factor in 

cognitive development. Whereas, in memory systems some researchers have used brain 

scans to determine which brain structures affect which cognitive functions and to chart 

developmental changes. Brain scans provide physical evidence of the location of two 

separate long-term memory systems – implicit and explicit – that acquire and store 

different kinds of information Squire (Papalia etc, 2009: 161). Learning mathematics 

can not separated with cognitive development.  

Learning mathematics always make young generation to be critical thinking 

‘whirling’ for finding answer the question. Finding answer or accomplishing task in 

mathematics is something that interesting. Learning mathematics involve the brain of 

students more active than learning other subject matter. Learning mathematics situation 

always make student cannot to sleep and attention their teacher in class. Because, they 

have inspiration, they have challenge for strugling answer the question. Gold generation 

who be the students now is Indonesian asset to achieve the aimed constitution.  

 

B. Character Building by Learning Mathematics 

Mathematics and curriculum should be coherent. NCTM (2000: 15) noted that 

“mathematics comprises different topical strands, such as algebra and geometry, but the 

strands are highly interconnected. The interconnections should be displayed 

prominently in the curriculum and in instructional materials and lessons. A coherent 

curriculum effectively organizes and integrates important mathematical ideas so that 

students can see how the ideas build on, or connect with, other ideas, thus enabling them 

to develop new understandings and skills”. In the 21st century, students face 

globalization era. Character building in Indonesian generation from different culture is 

united by curriculum. Learning mathematics in curriculum is connected by teacher in 

materials and lessons. Studying mathematics make students to critical thinking, 

consistency, and active.  Accordingly, there are five aspects of education which is built 

by learning mathematics. First, building human intelligent and well attitude. Secondly, 

priority to cooperation than individualism. Thirdly, organizing the literacy of mentality, 
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thinking, feeling, and action. Fourthly, priority of quality than quantity. Fifthly, 

teaching conflict resolution.  

1. Building Human Intelligent and Well-Attitude 

Learn mathematic in school is not also accomplishing the task but also build 

their self to be intelligent or smart and have well-attitude. Well attitude is coherent 

by moral people. Moral education is not a new topic in education. Moral education 

conducted since education was present. Moral education is carried out at all levels 

and all forms-formal, non-formal, as well as informal for all the citizens of 

Indonesia. Parents who understand the education will always show love to their 

child. It is done by parents to their child for following what they do. 

Today many kinds of human beings on Earth. There are four categories for 

human about this. The first is not smart and unwell-attitude, the second is  not smart 

and well-attitude, the third  is smart and unwell-attitude, and the fourth is smart and 

good attitude. The fourth character is outcome from education.  

The task of the teacher mathematic in this case is help students to be smart 

and good attitude by learning mathematics process. When teacher teaching 

mathematics, indirectly, math teacher give example to students about accomplish the 

task that character accurate, logical to take conclusion from their answer. Character 

building is built by accomplish the task and it can be make students realizing to act 

in daily activities. Not only in accmplish the task but also until they in their home. 

Moreover, in their environment.  

Currently, much people be smart but is not yet showing good character.  

Many students understand their lessons that they have been studying by the teachers. 

But most of them have unwell character when they in their home. The teacher 

shold know how the students attitude when they at home. The teacher must be build 

a relationship with their parents. Therefore, the teacher is the key to build the smart 

people and good attitude in 21st century. 

 

2. Priority to Cooperation than Individualism  

Learning mathematics with model cooperative is one of many methods to 

build character that priority togetherness than Individualism.  

Cooperative models that make students cooperate in heterogeneous teams not 

only gender but also ability of each students. In teams, smart students in a 

particular subject matter will help her/his friends in her/his teams who has not 

understanding yet the lessons. This is the strength of cooperation. In addition, the 
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work will be fast finish if we compared to the individual work. 

Character education in 21st century also emphasize the cooperation 

attitude. This is done, because to be modern nation each individual should help each 

other. Character education is to inculate in young minds the respect for human rights, 

for cultural pluralism and learning to live together, promote morals and character 

building as well as unity in diversity (Bhineka Tunggal Ika). It means there is not 

different between one people and other people. Although, in this country  have 

cultural pluralism. The various ways that can be done by the teacher to make students 

become an unselfish. The teacher holds an important to make young generation 

aware of diversity. understanding “Bhineka Tunggal Ika” is not only as a slogant but 

also as a prospect to reality. 

 

3. Organizing the Literacy of Mentality, Thinking, Feeling, and Actions 

Character education 21st century assert literacy. By etymology, literacy letter 

from Latin literatus or litteratus, littera or litera. Litera means understand and 

responsive to situations and conditions that exist in the environment. Litera must do 

in our mental, mind, feelings, and actions with friends, parents, brother, sister, 

family, teachers, and all community environment. Mathematics literation is possible 

to change student character will be better than before. The students can feel care, 

critical, logic in their mind, and consistency to face science and technology 

transformation. 

Mathematics literation has many implications for the way because 

mathematics is a basic knowledge in science and technology. 

Activities students write, create, and accomplish the task, it is also to form litera. The 

main advantages of a mathematics literation is aware student in their activity as well 

as self-control to take conclusion. Accordingly, math teacher must realize that they 

have many task to make student litera in their daily-life. It can be done by 

accomplishing the task because the task have one answer of one question. When 

teachers building character an enviroment, students understand that is acceptable to 

struggle with ideas, to make mistakes, and to be unsure. The character buiding 

encourages them to participate actively because they know that they will be litera in 

mental, mind, feelings, and actions if their mathematical thinking is critiqued.   

 

4. Priority of quality than quantity 

Character education 21st century also priority quality than quantity. The 



 

431 
 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

quality is obviously different from quantity. Quantity and value is coherent and 

quality and mutu is too. The goals of education is human quality increase. Thus, the 

figure to give structure quality increase in figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The picture of content drawing analysis priority quality than quantity one 

way or another has to see in connecting process learning math to form character 

building of students. Learning mathematics process is happened communication to 

assessing students’ knowledge. The focus in classroom when teaching mathematics 

is trying to make sense of mathematics together. Explaining, questioning, debating, 

and sense making are thus natural and expected activities. It can be building 

character of students. To achieve this kind and building character of students, 

teachers need to establish an atmosphere of mutual trust and respect. Accordingly 

learning mathematics process is one of them to establish character building of 

students that having quality. 

 

5. Teaching conflict resolution 

Character education 21st century giving the responsibility to the teachers to 

be able to resolve conflicts. The teacher have big responsibility to make students 

solving their problem, nothing problem. Because education is worried about student 

Input  Process 

Character building 
Output  Outcome  

Learning Mathematic 

Input (students 
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math) 

Output (critical thinking, 
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Figure 1. Process Quality Increase 
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so that they get  something and have everything. Learning mathematics should 

emerge from all students with the disposition, knowledge, and strategies to deal with 

the new challenges they will encounter.  

 

CONCLUSION AND SUGGESTION 

Character education 21st century is relevant to philosophy of education that was 

conceived by the fathers of education. There are five aspects of education which is built by 

learning mathematics. First, building human intelligent and well attitude. Secondly, priority 

to cooperation than individualism. Thirdly, organizing the literacy of mentality, thinking, 

feeling, and action. Fourthly, priority of quality than quantity. Fifthly, teaching conflict 

resolution. Based on explained, mathematics is a part science and technology development. 

Character building of student in the 21st century can be built by teacher in learning 

mathematics. Learning mathematic also make all students to critical thinking, consistency, 

and active.  Accordingly, learning mathematic in school give students to build their 

knowledge, skill, and attitude be better than before. 

Based on conclusion, the author give suggestion to the reader for litera in our life 

because, we life not for today but for tomorrow. We should advise our self before we advise 

other people. Because to build character must start to our self. Now. 
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Abstract 

Every time when people face a problem to be solved. Good problem solving course 

is based on sufficient information and has processed and combined with other things 

related. Solving the problem requires creativity and wisdom. Creativity to find a solution 

that is effective and efficient, while wisdom is needed because the solution should always 

pay attention to the interests of the various parties and the surrounding environment. 

Therefore, from an early age, students need to learn to solve problems, according to the 

level of thinking. Basically thinking skills. is a priority prowess mind / ratio optimally. 

Thinking in a higher level is critical thinking. One effort that can be done to improve the 

ability of thinking is through science learning activities. Those efforts include the 

mengkaitan lesson material with its application in everyday life or attempt concrete object 

of discussion, training process skills Science (science) and also combines (Science-

Environment-Technology-Society). This paper seeks to provide an overview SETS 

visionary learning model that can foster critical thinking skills through the study of 

literature or literature review. 

 

Keyword: Learning Model, Vision SETS, Critical Thinking Skills 

 

INTRODUCTION 

Innovations in science education as approaches to learning arise in this last period. 

This is an attempt to learners so that they can learn optimally. A wide variety of innovations 

in the learning developed, often associated with a specific learning theory or anticipate the 

direction of the development of science and technology in the future. In general assessment 

of an innovation in science education can we examine with due respect to the philosophy, 

characteristics, and main characteristics, as well as its implications in practice. Especially 

for learning science, have reported a variety of research results relating to the activities 

learners. The work done and continues to be continued so that learners have a stock to 

anticipate the direction of the changes. Efforts were among others teaching materials with 

application in daily life or attempt object of discussion, training science process skills 

(science) and also integrating the environmental-science-technology-society. 

In the Indonesian language known as Salingtemas (sain, lingkungan, teknologi dan 

masayrakat). Vision SETS give color to one's perspective in viewing and understanding, in 

which everything was understood to have SETS elements, which influence the overall 

reciprocity, which may seem obvious compared to when the same thing was not observed 

with the vision SETS. While SETS visonary is a real praxis learning process in which the 
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vision SETS applied in the learning process (Binadja, 2002). Praxis learning and SETS 

vision that if implemented seriously will certainly benefit the various parties, the learners 

themselves, educators, and community (Binadja, 2002). Further vision and approach SETS 

it allows preservation at positive values of education, religion, and culture (Binadja, 2002). 

KTSP is a new curriculum is expected to have a conservative role, creative, and critical and 

evaluative in its application at this time. KTSP is operational curriculum developed and 

implemented by each educational unit. KTSP preparation undertaken by the education unit 

is a characteristic that is different from the previously used curriculum. 

KTSP  as an operational curriculum still refer to the contents or basic competency 

standards developed by the National Education Standards Agency (BSNP). Thus it can be 

understood that the KTSP as a curriculum which is operational at least three meanings. 

First, the development can not be separated from statutes drafted national government 

through the National Education Standards. BSNP establish national education standards, 

such as content standards, competency standards, process, or judgment. Second, the 

development of the curriculum should pay attention to regional characteristics, in 

accordance with Law No. 20 of 2003 Article 36, paragraph 2 that the curriculum at all 

levels and types of education developed in accordance with the principle of diversification 

of educational unit, the potential of the area, and learners. Third, the development of SBC 

provides the opportunity and flexibility to the teacher or school creating strategies and 

learning methods, media, and evaluation according to the conditions and characteristics of 

students at school. Making of the SBC as an operational curriculum developed by the 

school should be blurred in the implementation and execution. Because of the orientation 

of the curriculum which is still seen as the content of the subjects, then the standard of 

competence and basic competences for each subject is sufficient for teachers to implement 

teaching without having to develop their own curriculum 

Siswono research results (2008) states that schools turns out there who have not yet 

developed the KTSP. Of the 40 schools that already compile their own curriculum as much 

as 21 schools, or 52.5%, and the school has not compile their own curriculum as much as 

19 schools, or 47.5%. Reasons for not making the curriculum, among other things because 

of the lack of funds, there is no training, lack of understanding of the curriculum, and 

infrastructure is limited. Teachers at 23 schools administratively have devised lesson plans 

that show a student-centered learning or innovative using contextual learning or discussion, 

while the remaining 19 schools have not demonstrated innovation. Teachers in the 

implementation in 21 schools already implementing the RPP made, while the rest have not. 

Teachers prepare lesson plans that are innovative, but not implemented because the RPP is 
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not made alone. RPP is the result of a group of teachers through KKG or MGMP or 

publisher. From these results it can be seen that the need for the development of learning 

tools that is one feature of the curriculum has not been fully implemented. 

One of the life skills (life skills) that need to be developed through the process of 

science education is the thinking skills (Depdiknas, 2003)). One's ability to succeed in life 

among others, determined by the skills of thinking, especially in efforts to solve the life 

problems that it faces.In addition to the development of godless nature.the formation of a 

moral nature and character, then the inquiry and critical thinking suggested as a means to 

achieve the objectives of science and education are the two things that are very related to 

each other. Every time when people face a problem to be solved. Good problem solving 

course is based on sufficient information and has processed and combined with other things 

related. Solving the problem requires creativity and wisdom. Creativity to find a solution 

that is effective and efficient, while wisdom is needed because the solution should always 

pay attention to the interests of the various parties and the surrounding environment. 

Therefore, from an early age, students need to learn to solve problems, according to the 

level of thinking. 

Basically thinking skills.is a priority prowess mind / ratio optimally. Thinking in a 

higher level is critical thinking. Critical thinking is a mental process that is well organized 

and play a role in the decision-making process to solve the problem by analyzing and 

interpreting the data in the activities of scientific inquiry. Critical thinkers scrutinize their 

thought processes and thought processes of others to gain an understanding of the most 

complete (Liliasari, 2008). In fact on the ground, we have not much education oriented 

towards habituation and increase critical thinking skills but still focuses on learning 

outcomes in cognitive (Trianto, 2010). Another problem faced by the school is with regard 

to the hawker food including beverages and food. Center for Drug and Food Control 

(BPOM) Semarang, Central Java, on Tuesday (January 5, 2011), found formaldehyde 

snacks in elementary school cafeteria Pendrikan 01-02 and SD Masehi at Imam Bonjol 

street. At the school found the noodles contain a substance used to preserve dead bodies. 

In this raid, officers also carry out tests on the content of dye that should not be used in 

foods (Liputan 6.com.Semarang). 

The question that then arises is whether the legal tools we have is not enough to 

conduct the addition of dangerous substances above persists. According to Law No. 

71/1996 Article I (4) that "Food safety is the condition and measures taken to prevent food 

from possible contamination of biological, chemical, and other objects that can disturb, 

harm and endanger human health." Another rule is PP 28/2004 on the safety, quality and 
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nutrition of food and Regulation of the Minister of Health No. 722/1928 on the additional 

material prohibited from use in food. Facts prove that we do not lack legal instruments 

governing the use of substances added to food. Implementation of legal instruments in the 

field have not been able to provide optimum results, it is still far from expectations. Practice 

the addition of food ingredients and dyes still ongoing. School children continue to 

consume food and drinks that have a negative impact on health. Without a comprehensive 

approach to the prevention of the use of the above ingredients is impossible to do. Required 

an effort that can touch the subject matter so that awareness of the dangers of the materials 

above can be improved. 

Curriculum Science must consider the nature of science, as scientific products, the 

scientific process, and scientific attitude so that when students learn science students can 

understand the concepts, theories, and laws at the same time knowing how knowledge was 

obtained, and no less important students have scientific attitudes required in the 

development of science and its application in everyday life. Of law education and 

curriculum aimed at forming citizens who are noble. Learning would be more meaningful 

if the child has what he learned and not know it. Learning oriented mastery of the material 

proven to be successful in the short term given the competition but failed to equip children 

to solve problems in the long-term life. Therefore, the tendency today is to create an 

atmosphere of learning in the natural environment (Mariana, 2008). 

 

DISCUSSION 

A. Learning science Visionary SETS (Science-Environment-Technology-Society) 

SETS visionary learning science, students are requested to connect the four elements 

SETS with the material being studied. Students practice a variety of ways (observe, discuss, 

ask, answer, solve the problem) Binadja (1999). With these students are actively learning 

and critical thinking, so that the learning outcomes to be achieved are met. Elements in 

SETS can not be separated from one another. Science as a focus of attention of teachers 

and students in learning science, can see the shape of the relationship of science are studied 

(science) is associated with other elements SETS. The linkage between elements SETS 

with science as the focus of attention can be seen in Figure 1. 
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Figure 1. Linkage Elements SETS 

SETS visionary science teaching have traits or characteristics that need to be displayed 

in the learning, namely: 1) continue to provide science learning science that has been 

determined. 2) students brought to the situation to see the technology related to the concept 

of science as well as utilize the concept of sains to form technology for the benefit of 

society. 3) The students were asked to think about the positive and negative results in the 

process of transferring the sains to form technology. 4) students invited to seek alternatives 

to overcome the loss (if any) generated by the application of science to form these 

technologies on the environment and society (Binadja, 2002b). Through the 

implementation of the above characteristic features in the learning process, then the 

principal learning science is taught and students are expected to be achieved will be active 

learning, creative in developing the skills possessed, understanding of the concepts taught 

to rise and is expected to be achieved optimal learning results. SETS visionary learning 

offers the advantage that forming graduates who have the reasoning ability and 

comprehensiveness of thought when students are faced with a problem to solve Binadja 

(2002c). With a habit of critical thinking, students have a tendency to seek the best 

alternative solutions, without sacrificing the environment. In the study by using SETS 

teachers and students alike have a decisive role in the achievement of specified learning 

objectives from the outset. 

The teacher's role; creating a pattern of thinking that sees the future with different 

implications; bring students to always think terintegratif; invites students to always think 

critically in the face of something by referring SETS; a facilitator sufficient in learning 

sound SETS; a reference search direction information for students and colleagues to the 

field of science is practiced, giving tasks that stimulate students to learn in a fun in the 

scope SETS; arouse interest in finding a more in-depth knowledge; give stimulus to solve 

the problem riel according to the field of science and integrate with other sciences with 

regard linkage SETS; giving stimulus to the students to innovate, be creative, and berinvesi 
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with insight SETS; provide an evaluation of learning is also insightful SETS. 

The role of the student in the learning SETS; trying to always insightful SETS in 

learning, thinking, acting; actively participate dalarn SETS sound activities; think about 

how to utilize the knowledge gained through the SETS; trying to actively contribute 

insightful SETS activities, have always had a vision of a productive alternative thinking 

SETS; willing to accept positive feedbacks to improve the quality of learning and career 

guidance relating to the field of study; think of themselves on a career that can be created 

from insightful knowledge SETS. Thus, if done in earnest study with a vision SETS will 

be interesting and fun as well as the intended purpose can be achieved optimal. 

 

B. Applications SETS Vision in KTSP 

The principles adopted an approach of learning in SETS (Environmental Science 

Society Technology), packed in Syllabus, Learning Implementation Plan (RPP), and the 

Student Activity Sheet (SAS). In RPP developed, at least include the objectives, stage, or 

the process of achieving the learning objectives (including the steps suggested), and also 

measuring devices adapted to the achievement of the objectives of SBC. The direction of 

development in accordance Permendiknas No. 41 of 2007 on a standard process for primary 

and secondary education units. The achievement of learning objectives apply appropriate 

stages in the form of syntax that is exploration, elaboration, confirmation, formulation 

solutions, and action plans. Learners are given the opportunity to obtain a source of learning 

as much as possible, both the learning resources that may be brought into the classroom 

and learning resources that exist outside the classroom. In the exploration of the issues that 

exist in the community that match the topics can serve as a trigger learners to express things 

that are already known in a study. Based on the things that have been known to proceed 

with a question of science (look for an explanation for natural phenomena) as well as 

technological problems (finding a solution to the problems faced by the community). 

In elaboration, the students assisted  SAS (Student Activity Sheet) or manual activity in 

writing or orally. Sources of information used is not limited tools and materials in the 

laboratory, as well as learning resources, such as magazines, newspapers, resource persons 

(experts), the Internet, and others. In this phase, the students act like a scientist looking for 

further information made conclusions. The role of teachers helping and directing students 

to obtain information. Confirmation stage is the stage of formulation of the solution of 

problems faced by the community and explanations of natural phenomena (according to 

the concept of science) obtained learners. At this stage, learners are also introduced to 

scientific concepts, namely the views of experts on the concept. Then the students compare 
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the conclusions obtained with the concept of the experts on the same concept. In this case 

if there is a difference between the concept of experts with the conclusions obtained 

learners, happen negotiation of meaning. The next stage is the follow-up or action plan or 

action to be performed learners in their daily lives, both as personal and as a community 

and as learners. 

C. Critical Thinking Skills 

All teachers would agree to say critical thinking is an important skill for students to 

develop. Unfortunately, many students do not develop critical thinking skills. Perhaps the 

problem is rooted in the teaching of teachers. Do teachers understand the concept of critical 

thinking well enough to teach students to think critically in the disciplines studied. Good 

thinking skills will not develop itself, this capability must be taught and trained. Teaching 

critical thinking skills is a difficult business. Teaching to train critical thinking takes time 

to prepare, plan, and limit the amount of content "taught." Teachers can no longer simply 

be a conduit of information. On the other hand, students should learn thinking skills and 

reasoning to reach their full potential in today's society. If we want to prepare students to 

be able to pass on to a higher level and plunge into society, we must be committed to 

develop problem-solving and decision-making through teaching critical thinking skills and 

dispositions necessary to develop critical thinking. PascarellaandTerenzini(1991) 

inRudd(2007) definescritical thinkingas follows: 

"... critical thinking has been defined and measured in a number of ways but 

typically involves the individual's ability to do some or all of the following: 

identify central issues and assumptions in an argument, recognize important 

relationships, make correct inferences from data, deduce conclusions from 

information or data provided, interpret whether conclusions are warranted on 

the basis of the data given, and evaluate evidence or authority," “...  

Crunkilton (1996) in Rudd (2007) presents a pragmatic approach to critical thinking 

in students through the necessary conditions for thinking. The first condition is to have 

something to think about as people, objects, situations, problems or processes. The second 

condition is to have something to think with, such as background knowledge and resources 

(maps, charts, records, computers). The third condition is to have a way of thinking. In 

other words, students need structure thought to guide the thinking process. Examples 

include comparing, estimate, evaluate, problem solving and interpreting. The final 

condition is a reason to think. Reason to think vary from thinking to resolve the controversy, 

to solve problems, or complete an assigned task. Some clarity in defining critical thinking 

is achieved when a group of leading researchers with expertise in the field were asked to 

define critical thinking through a Delphi study in 1990 (Facione). They hypothesize that 

there is a set of intellectual virtue or habit of mind that reflects a person's disposition to 
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think critically. identification of the Delphi consensus report: 

"The ideal critical thinker is habitually inquisitive, well-informed, trustful of 

reason, open-minded, flexible, fair-minded in evaluation, honest in facing personal 

biases, prudent in making judgements, willing to reconsider, clear about issues, 

orderly in complex matters, diligent in seeking relevant information, reasonable in 

the selection of criteria, focused in inquiry, and persistent in seeking results which 

are as precise as the subject and the circumstances of inquiry permit." 

According Facione(1990) in Rudd, (2007), a critical thinking has a set of affective 

dispositions that enable them to cope with situations that require critical thinking. Although 

one can have the cognitive skills to think critically, their mindsare more effective if they 

exhibit affectiv edispositions listed inTable1. 

Table1.Disposition Affective Critical Thinking in Rudd, Rick D(2007) 

APPROACH DESCRIPTION 

PUBLIC LIFE 

•Curiosityaboutvarious issues. 

•Concerntomaintainandkeepwell informed, 

•Precautionsforthe opportunitytousecritical thinking. 

•confidencein the investigation process. 

•confidence inone's ability toreason. 

•an open mindaboutthe differentviews. 

•Flexibilityin consideringalternatives andopinions, 

•An understanding ofthe opinions of others. 

•withoutprejudiceto assessreasoning. 

•Honestyin dealing withits ownbiases, prejudices, 

•stereotypes, egocentricand trendssociocentric. 

•discretionin considering, makingorchangingjudgments. 

•Willingness togo backandreviseviewswherehonest 

•reflectionsshowthe necessary changes. 

SPECIAL ISSUES 

•Clarityin asking questionsorconcerns. 

•Orderlinessin workingwithcomplexity 

•diligentin seekingrelevant information. 

•Fairnessin selecting andapplying criteria. 

•Attentionto focus attentiononthe hand. 

•Persistencedespitethe difficulties encountered. 

•Accuracywith the levelpermittedby the subjectandthe 

circumstances. 

Paul (1995) in Rudd (2007) writes that critical thinking is a unique shape and purpose of 

thought practiced systematically and deliberately. Thinkers impose standards and criteria 
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in the thought process and use it to build thought. Table 2 summarizes the operational 

definition of critical thinking Paul. 

Table2.Operational Definitionof CriticalThinkinginRudd, RickD(2007) 

DEFINITION OFOPERATIONS DESCRIPTION 

The uniqueness ofthe 

destinationthinking 

Oneverysubject areaortopic, whetheracademicand 

practical, requiringintellectual trainingfor the 

mind, a sort ofphysical trainingfor the body. 

Systematicthinkeranddemonstratehabits Actively developtraitssuchintellectualintegrity, 

intellectual humility, fair-mindedness, 

intellectualempathy, andintellectual courage 

Establish criteriaandintellectual 

standardson the premise 

Identifycriteria forsolidreasoning, such 

asprecision, relevance, depth, accuracy, 

sufficiency, and setclear standardswhere the 

effectiveness isthoughtto be assessed 

Took over theconstruction of thought Awarenesselementssuch thoughtsassumptions 

andviewpointsthat are presentin all thewell-

reasoned thinking.Aconscious effort, 

activeanddiscipline tocope witheach 

elementdisplayed 

Guidingthoughtin accordance with 

theconstructionstandards 

Continue toassessthe development programduring 

the process.Adjust thewearandincrease theuse 

ofcriteriaand standards 

Assessingthe effectiveness 

ofthinkingconsistent with the objectives, 

criteriaand standards 

 

Assessingdeliberatelythought to determinethe 

strengths andlimitationsindetermining 

theobjectives, criteriaand standards. Studyingthe 

implicationsforfuturethinkingand increased 

Paul further argued critical thinking to identify three attributes of mind and / or 

processes that the critical thinkers. The three properties that thought is an element of the 

reasoning, the properties of reasoning, and reasoning standards. The elements of reasoning 

consists of seven components that help guide the process of reasoning. These components 

include the goal of thought or question that will be answered, the information and / or facts 

about the question, the assumptions made about the question, interpretation of facts and 

data collected, theories and concepts related to the question, and the inclusion of other 

points within viewpoint. Finally, an assessment of the conclusions drawn with an emphasis 

on the implications and consequences of the decisions reached as a result of the thought 
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process (Figure 2). 

 

Figure 2: Elements ofReasoningInCritical Thinking 

inRudd, RickD(2007) 

 The nature of critical thinkers including independent thinking, intellectual empathy, 

intellectual humility, courage, integrity, perseverance, intellectual curiosity, faith in the 

intellect, intellectual propriety and intellectual responsibility. This character is not only 

present in critical thinkers, they are consciously used to guide the process of thinking 

(Rudd, 2007). Standards that guide thinking including clarity in the thought process, 

accurate, precise and relevant thinking, utilizing information that is directly related to the 

situation thinking; deep thinking, and think broadly. These standards can guide the thinkers 

for a product idea or decision that is not covered by the information that is irrelevant and 

has been fully investigated. Although critical thinking using higher order thinking, critical 

thinking and high level thinking is not equivalent terms. Critical thinking does not 

accommodate all the categories for higher-level thinking. Critical thinking is one of the 

members of which are closely related to the form of high-level thinking. Skills and sub-

skills that are identified by group. 

Table 3. Critical Thinking consensus in Rudd, Rick D (2007) 

CognitiveSkills SUB-SKILLS 

iinterpretation 

 

categorization 

decodingsignificance 

classificationmeaning 

Analysis test ideas 

identifyingarguments 

analyzingargument 

evaluation 

 

assessclaims 

assessingthe arguments 
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conclusion 

 

alternativerelationship 

drawingconclusions 

search for evidence 

 

explanation 

statingresults 

justifyingprocedure 

presentingarguments 

independentsettings 

 

Rouseassessment 

Self correction 

Facione (1990) in Rudd, (2007) uses the information from the Delphi study to 

identify seven construct critical thinking. This construction includes analysis, self-

confidence, curiosity, maturity, openness of mind, systematic, and the search for truth. 

Rudd, Irani, Ricketts, Friedel, and Rhoades (2007) perfected the construction identified by 

Facione to incorporate three critical thinking disposition. Three such disposition is 

involvement, cognitive maturity, and innovation (engagement, cognitive maturity, and 

innovativeness) can be used to describe the disposition of the students towards critical 

thinking. Engagement: disposition engagement describe an individual's ability to anticipate 

situations in which they can perform reasoning and judgment. Students with high 

disposition in engagement enjoy problem solving, confident in their ability to think, and 

can explain their reasoning process to others. Cognitive maturity: People with more 

developed cognitive maturity are aware of their own biases and tendencies that influence 

decision-making and reasoning. Cognitive maturity of individual will feel comfortable with 

dissent and listening to what others have to say with an open mind. They are willing to 

change their position in solid evidence. Innovativeness: Innovative people are always 

looking for opportunities to learn more. New knowledge, insights and innovations that 

improve their lives greatly appreciated. Intellectually innovative people have a curiosity 

and ask questions to clarify and learn. 

There are eight steps to develop the habit of critical thinking in a person as described 

by Johnson (2007), namely: (1) define the problem to be investigated clearly, (2) set a 

viewpoint objective on the issue under study, (3) menentukankan reasons / argument is 

right for an issue that is discussed, (4) break assumptions that could weaken the argument, 

(5) use clear language, (6) looking for evidence of accurate (reliable) to assess any reason, 

(7) to consider decisions for the right reasons, (8) looking for an indication of the 

conclusions drawn in order to prevent adverse side effects in making a decision. Robert 

Ennis (1985) in (Liliasari, 2001) provides a definition of critical thinking is reflective 

thinking focused on the pattern of decision-making about what should be believed and 
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should be done. Based on these definitions, the critical thinking skills in Ennis consists of 

twelve components, namely: (1) to formulate the problem, (2) analyzing the arguments. (3) 

ask and answer questions. (4) assess the credibility of sources of information, (5) observe 

and assess the results of observation reports, (6) to make deductions and assess deduction, 

(7) makes induction and assess induction. (8) evaluate, (9) defines and assesses the 

definition, (10) identifying assumptions, (11) to decide and implement. (12) interacts with 

other people. As for the components and indicators of each component of critical thinking 

can be presented in Table 4 

Table 4. Indicators Critical Thinking Skills 

Critical thinking skills Indicator 

Classification ofelementary a.focusing questions 

b. analyzing argument 

c. Ask and answer questions that require 

clarification or challenge 

Buildbasic skills a.Consider the credibility of sources 

b. Doing consideration observation 

Conclusion a.Conductand consider deduction 

b. Conductand consider induction 

c. Conductand consider the value of decision 

Creatingfurther explanation a.Identify terms and considering the definitions 

b. identifying assumptions 

Strategy and tactics a. Determining a course of action 

b. Interact with others 

 (Ennis in Liliasari, 2001). 

Critical thinking skills is one of the authorized capital or intellectual capital is very 

important for everyone (Liliasari, 2001; Ministry of Education. 2003) and is a fundamental 

part of human maturity (Penner 1995 in Liliasari 2001). Therefore, develope critical 

thinking skills become very important for students at every level of education. Critical 

thinking skills using basic thinking analyze arguments and bring insight to each 

interpretation to develop a cohesive pattern and logical reasoning, the ability to understand 

the assumptions. formulating the problem, do the deduction and induction as well as taking 

the right decision. Critical thinking skills are intellectual potential that can be developed 

through the learning process. Every human being has the potential to grow and develop 

into critical thinkers because the real thing thinking activities have relationship with the 

pattern of self-management (self organization) which is in every being in the universe, 
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including man himself (Liliasari, 2001). 

Teachers can help students to develop critical thinking skills through strategies, and 

learning methods that support for active learning. SETS visionary learning model is one 

way for it. With visionary SETS learning activities, there will be a learning process that 

concretized so that learning becomes more fun. Considering the eighth grade junior high 

school students are thinking process is still in early stages of operational thinking in the 

universe of real ideas. Abstract ideas grounded not only will cause children estranged from 

their own learning activities, be verbalis (memorize words without understanding the 

meaning). Learning by linking components in SETS will make students actively to 

formulate the problem, investigate, analyze and interpret the data, and make decisions to 

solve the problems it faces so indirectly cultivate the habit of critical thinking. SETS 

visionary blend of learning activities undertaken cooperatively can also train students to 

collaborate with peers. 

 

CONCLUSIONS AND SUGGESTIONS 

Based on the results of a literature review can be concluded that the critical thinking 

skills can be developed through learning SETS vision. SETS students in learning vision 

will link the components in SETS that will make students actively formulate problems, 

investigate, analyze and interpret the data, and make decisions to solve the problems it faces 

so indirectly cultivate the habit of critical thinking. 
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Abstract 

The challenges of 21st century makes changes in educational world, it makes 

changing of mindset to realize the improvement of science and created a useful human 

being in society. Many improvements appear at 21st century especially in science and 

technology used to create a useful and competitiveness finding and creativity. Biology as 

a branch of science that emphasizing reasoning skill and produce integrated technological 

product. New technology as a result from learn using science technology society approach 

in biological learning with problem based learning model use to create innovations in 

educational world to improve competitiveness and critical mindset of human being. 

Learning at 21st century require real effort to develop awareness of learning, problem 

solving skill, critical thinking skill and ability to apply science in daily life. 

 

Keyword: Challenges of the XXI Century, ScienceTechnologySociety, Problem Based 

Learning, LearningBiology, Critical ThinkingAbility 

 

INTRODUCTION 

XXI century is marked by the presence of shifting technological advancements 

from all fields of information technology or communications technology that brings the 

world into development without limits (borderless word). The shift is happening can exert 

influence and challenges on the human self, from the challenges of external and internal 

challenges.  Internal challenges related to demographics of Indonesia, bonuses related to 

the density of population of productive age will that needs to be provided with the skills 

(skill). External challenges related to the impact of globalization is that much influence on 

all aspects of life, so the emergence of a variety of internal and external challenges have to 

do preparation of human resources quality especially through education.  

Education occupied the leading guard in creating human resources berkompetensi 

through the completion of the quality of education. Preparation of the quality of education 

can be done through the process of learning process of learning demand students can absorb 

the lesson materials in accordance with the indicators of achievement of learning, so that it 

can produce students with a variety of abilities including the ability to solve problems and 

critical thinking abilities in mastering the concepts in learning. Students are required to 
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have a variety of skills including thinking skills to solve problems (problem solving), 

critical thinking skills, skills to communicate so that some of the expected proficiency 

appeared on students can be used to develop the capabilities of students. Due to some 

product that can be used to develop the ability to students need for the approach to the 

study. 

The learning approach will direct the students becomethe master of concept by 

means of learning process can be achieved according to standards of competence and in 

accordance with the indicator. The use of customized learning approach to the achievement 

of student learning outcomes. The use of scientific approaches to society technology (STS) 

in learning are expected to increase the understanding of students, so that students are able 

to accept new knowledge that is conveyed in the learning process critically and creatively. 

Challenges posed by students in developing self demand students have some knowledge 

including knowledge of reasoning, the ability to organize, the ability to access, analyze 

capabilities, and the ability to create a product. The presence of some of the capabilities 

that exist on students can be used as a spear in producing a quality education and 

competitiveness. Students can hone the capabilities to learn to solve problems in real life. 

In learning problem-solving skills can be used as a spearhead in the training of high-level 

thinking skills, especially critical thinking to the problems faced by students. Approach 

science community technology learning is an approach that seeks to associate the concept 

of the subject matter to enhance creativity with the surrounding environment. Approach to 

science society technology can help students understand the concepts oriented society. The 

use of scientific approaches to community technology can improve the ability to apply the 

process skills, creativity, respect for technology products and is responsible for the 

problems that arise.  

Problem Based Learning (PBL) is a problem-based learning model as a first step 

in collecting and integrating new knowledge. PBL learning model has distinct advantages 

with other learning models including promoting student is able to solve problems 

independently, critically and work in groups, so as to answer to answer the problem and 

support the new science is learned. Critical thinking skills play an important role in building 

one's cognition. Critical thinking is an active series of thought processes that shows the 

behavior of thinking deeply and thoroughly from all points of view so as to produce a 

variety of questions and may provide relevant additional information (Afandi et al, 2012: 

90). Crowning achievement of learning not only provides knowledge and concepts in 

students. It needs a real effort to do intensive to cultivate students' skills in problem solving, 

critical thinking skills and the ability to apply knowledge in social life. Thus, the use of 
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scientific approaches to the technology community on the model of problem based learning 

to develop students' critical thinking skills and associate with all aspects of the issues 

surrounding environment and have the ability to solve problems, especially in learning 

biology. 

Biology examines the various natural phenomena that exist in the environment both 

living and nonliving. Learning biology emphasizes providing direct experience because it 

can be helped by developing a number of skills. (Wahyuni et al, 2014: 13). Learning 

biology seeks to equip students with various abilities on how to know something. So in 

biology learning can be used as a form of creation of human resources who have the 

creativity, competence and problem-solving skills in growing develop students' critical 

thinking skills. Students can develop the ability of thinking through manage learning by 

using a variety of approaches and learning models. Learning to use a scientific approach 

community technology (STS) and the model of problem based learning (PBL) is especially 

important in learning to improve critical thinking skills. Integration between the approaches 

and models emphasize excavation issues or problems that exist in the community to be 

solved properly. The purpose of the integration approach to the learning model used to 

enhance students' critical thinking skills and improve learning outcomes of both aspects of 

the cognitive, psychomotor, and affective. Which is expected to contribute in preparing 

human resources in the 21st century. 

The 21st century is marked by a shift in technological advances from all areas of 

both information technology and communications technology that brings development into 

a world without borderless word. The shift can influence and challenges in human beings, 

ranging from external challenges and internal challenges . Internal challenges associated 

with demographic dividend Indonesia, which is related to the density of population of 

productive age will need to be equipped with skills. External challenges related to the 

impact of globalization that much influence on all aspects of life , so the emergence of 

various internal and external challenges need to be done to prepare the quality of human 

resources especially through education  

Education occupies the frontline in creating competent human resources through 

the preparation of educational quality . Preparation of the quality of education can be done 

through the learning process . The learning process requires students can absorb the lesson 

material in accordance with the achievement indicators of learning, so that students can 

have various abilities including problem-solving skills and critical thinking ability in 

mastering the concept of learning. Students are required to have a variety of thinking skills 

including problem-solving skills, critical thinking skills, and communication skills. 
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Students are expected to be able to master these skills so that management of learning by 

teachers is very important. 

Learning approach occupies an important position in the learning. The learning 

approach will lead students to be able to master the concept through model didipergunakan 

so that the learning process can be achieved according to standards of competence and in 

accordance with the indicator. The use of customized learning approach to the achievement 

of student learning outcomes. The use of scientific approaches to society technology 

society (STS) in learning are expected to increase the understanding of students, so that 

students are able to accept new knowledge that is conveyed in the learning process critically 

and creatively. 

Challenges posed by students in developing self menunutut students have some 

knowledge including knowledge of reasoning, the ability to organize, the ability to access, 

analyze capabilities, and the ability to create a product. The presence of some of the 

capabilities that exist on students can be used as a spear in producing a quality education 

and competitiveness. Students can hone the capabilities to learn to solve problems in real 

life. In learning problem-solving skills can be used as a spearhead in the training of high-

level thinking skills, especially critical thinking to the problems faced by students. 

Approach science community technology learning is an approach that seeks to 

associate the concept of the subject matter to enhance creativity with the surrounding 

environment. Approach to science society technology can help students understand the 

concepts oriented society. The use of scientific approaches to community technology can 

improve the ability to apply the process skills, creativity, respect for technology products 

and is responsible for the problems that arise. 

Problem Based Learning ( PBL ) is a problem-based learning model as a first step 

in collecting and integrating new knowledge. PBL learning model has distinct advantages 

with other learning models including promoting student is able to solve problems 

independently, critically and work in groups, so as to answer to answer the problem and 

support the new science is learned. 

Critical thinking skills play an important role in building one's cognition. Critical 

thinking is an active series of thought processes that shows the behavior of thinking deeply 

and thoroughly from all points of view so as to produce a variety of questions and may 

provide relevant additional information (Afandi, et al, 2012: 90). Crowning achievement 

of learning not only provides knowledge and concepts in students. It needs a real effort to 

do intensive to cultivate students skills in problem solving, critical thinking skills and the 

ability to apply knowledge in social life. Thus, the use of scientific approaches to the 
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technology community on the model of problem based learning to develop students critical 

thinking skills and associate with all aspects of the issues surrounding environment and 

have the ability to solve problems, especially in teaching biology. 

Biology examines the various natural phenomena that exist in the environment both 

living and nonliving. Learning biology emphasizes providing direct experience because it 

can be helped by developing a number of skills. (Wahyuni, et al, 2014: 13). Learning 

biology seeks to equip students with various abilities on how to know something. So in 

biology learning can be used as a form of creation of human resources who have the 

creativity, competence and problem solving skills in growing develop students critical 

thinking skills .  

Students can develop the ability of thinking through manage learning by using a 

variety of approaches and learning models. Learning to use a approach science  technology 

society (STS) and the model of problem based learning ( PBL ) is especially important in 

learning to improve critical thinking skills. Integration between the approaches and models 

emphasize excavation issues or problems that exist in the community to be solved properly. 

The purpose of the integration approach to the learning model used to enhance students  

critical thinking skills and improve learning outcomes of both aspects of the cognitive, 

psychomotor, and affective. Which is expected to contribute in preparing human resources 

in the XXI century. 

 

DISCUSSION 

a. The Approach Of Science Technology Society (STS) 

Science technology society has similarities with salingtemas (environmental 

science technology and society), SETS (science environment and society), the STS (science 

and tehcnology society) that accentuates the sides in various aspects of the environment 

activities (Hidayati: 2007: 629) is a series of deep learning process that is adapted to the 

context of the experience possessed by humans. The use of the approach to science learning 

community in the technology will able to increase creativity of scientific attitude, creativity, 

and ability to relate the concepts and issues in science learning with peoples lives.  The 

purpose of the use of science in learning approach to equip students to form individuals 

who have litarsi of science and technology as well as having the ability of matter to the 

problems and the environment. 

Stages in the approach of science technology society (STS) has several steps, 

namely: 
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1) The preliminary stages of the actual issue is posited in the community and can be 

observed by students 

2) The formation and development of the concept is a concept in determining the stage 

of constructing knowledge through student owned alphabets experiment, obervasi 

and discussion 

3) The application of the concept in life is the stage of the application of the concept 

or resolve the problem in accordance with the concept that students understood 

4) The establishment of the concept is the concept of consolidation phases, teachers 

give the establishment a concept to avoid error concept in students 

5) The assessment is done by knowing the stage of penguasan the concept of students 

against the material that has been examined. 

Model STS has a certain pattern of steps done in the learning process. Teachers 

who use the STS model must have extensive insights and responsive to environmental 

concerns. Mastery of the material related to the concept and process of science that 

examined during the study must also be well controlled by the teacher. The use of 

technology in society science approach to improve the quality of learning in addition to 

requiring a proper learning approach needs to be supported with the use of a learning model 

that suits your learning objectives.  

a. Learning Model Problem Based Learning (PBL) 

The learning model is a planning, a pattern which is used as a guide to plan learning 

in the classroom or learning activities to determine learning device. Learning model can be 

defined as a pattern used by teachers in preparing plans and manages a learning and 

instruction in a learning setting. Learning model can it say as the core of learning strategies. 

Peculiarities of problem based learning model of learning lies in the ability to solve 

problems independently and in groups so as to address concerns and to support science are 

studied. The use of problem-based learning models can be used to enhance the ability of 

critical thinking in students. 

b. The Ability Of Critical Thinking 

In the etymological origin of the word comes from the critical thinking which 

means digesting assessment, or is derived from the standard criterion that has 

meaning.Critical thinking in teaching and learning can be defined as cognitive skills and 

creative strategies to improve learning outcomes desired in conceptualizing, applying, 

analyzing, synthesizing and evaluating information collected or generated from 

observation, experience, reflection, reasoning, or communication, to guiding beliefs and 

actions.  
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Critical thinking is the result of an evaluation of previous learning experience by 

taking into account factors that develops during the process of learning to solve the 

problems faced. Critical thinking and its components can be developed and used by both 

the biology and interection observation of symptoms, suggesting a specific relationship 

between organisms and the environment (Rahardjanto, 2014: 7).  

c. Learning of Biology 

 The branches of science developed by scientists in the modern era it is today . The 

scope of learning has the characteristic to develop existing knowledge for nicely packaged 

in a dimension of knowledge, one branch of biology . Nuryani (2005 : 12 ) explains the 

biology is a discipline that seeks to discuss about the physical structure along with the 

functions that are owned and surrounding environment are packaged and is seen as a system 

that work together in a single unit , resulting in a relationship 

 Learning biology is capable of producing some of the learning outcomes including 

product, process and attitude. Learning biology in providing input to the development of 

the technology so as to empower human welfare.  

 The results of biological research in adults has been providing a variety of benefits 

in everyday life. Within the scope of biology education, in order to understand and utilize 

the findings in the fields of biology, then what is needed is the ability to think in managing 

information related to the results of biological research. The object of study in biology in 

learning activities actually become intermediaries to be able to build thinking skills 

required for managing research results related to biology. So that the learning in biology is 

not only related to the student's ability to memorize concepts of biology without meaning. 

The development of thinking in biology learning can relate to many things. One of them 

relates to the technical management of learning biology. Object of study of biology is 

actually very close to the student life needs to be studied in order to construct contextual 

understanding and build students' thinking skills. So learning should not put students as 

passive individuals (Yulaikah, et al, 2014: 97) 

 

d. Integration between Science Technology Society Approach to the Problem Based 

Society developing Ability Critical Thinking Skill Student  

Problem based learning is a curriculum models designed around real-life problems 

that are illustructured, open ended, or ambiguous. (Fogarty, 1997: 2). Problems are used as 

a stimulus in learning activities. Skills are not taught by the teacher, but discovered and 

developed by the student through a problem-solving activity. Problems become a tool to 

train students in reasoning and critical thinking. Shape problems on problem-based learning 
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can be a real problem in the case of daily life, problems that the script was created or 

modified by the teacher and the problems that a combination of real world problems and 

hypothetical scenarios. 

Problem-based learning activities begins with the determination of problems or 

issues of interest. The issues become more focused discussion on the problems that exist 

around the students environment. Problems that focuses on student and became an 

important social questions. Thus, students are expected to be able to solve the same problem 

in his life. Students are directly involved in efforts to investigate and problem solving. 

Problem based learning give positive influnce to critical thinking ability of pre- service 

teacher students (Ariyanti, 2014: 72). They are not just listening to the teacher and reading. 

Students explore various disciplines through a scientific approach to the technology 

community and provide an overview of some of their perspectives when engaged in the 

investigation of problem-based learning. Students can create products, artifacts, and 

exhibits through learning approach STM on the model PBL. They presented the work and 

critical thinking on friends and invited guests from other classes or even the public. 

The critical and creative thinking are realization of the higher order thinking. The 

critical thinking is seen as personal thinking ability to compare two or more information, 

such as the received information from outside and the information exists. If there are the 

similarities or the differences, then he/she will pose a question or comment in order to 

Obtain an explanation (Rasiman, 2015: 309). Critical thinking skills are important Because 

they enable students "to Effectively deal with social, scientific, and practical problems 

(Snyder & Snyder, 2008: 90). critical thinking is deemed to take place when students are 

required to perform in the Analysis, Synthesis, and Evaluation levels of Bloom's taxonomy 

(Duron et al., 2006: 160-161). 

Science  technology society  integrates scientific approach to learning model has a 

view that combines the approaches and models into a single unit that is integrated with each 

other in the learning process. merger between the approach and the learning model is 

expected to be used as a means to provide facilities that can be used by teachers in 

classroom learning. STS approach with a model problem based learning particularly many 

advantages and drawback complementary so that it can be used to solve problems in 

learning. Science technology societyapproch effective when integrated with a model of 

problem-based learning in order to improve students' critical thinking skills. approaches to 

science learning technology community in handy to explain the real issues or concepts that 

exist in the environment so expect the integration model of problem based learning students 

can use to predict solving problems. The integration of these two approaches to learning 
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model is expected to stimulate students' critical thinking skills. 

 

CONCLUSION  

Learning 21st century biology has many challenges, both internal and external 

challenges challenges. Various challenges that arise need for preparation of human 

resources who have different skills that can be associated with the surrounding 

environment. Kecapan owned can be stated in the learning, resulting in learning requires 

some ability possessed by students include the ability to solve problems, think critically 

and creatively, as well as the ability to formulate the problems berkaiatan with the 

environment. The purpose of the use of science in learning approach to equip students to 

form individuals who have litarsi of science and technology as well as having the ability of 

matter to the problems and the environment. The specificity of the learning problem based 

learning model lies in the ability to solve problems with standalone or in groups so that it 

is able to answer the problems and can support the Science study. The use of problem based 

learning model can be used to enhance the ability of critical thinking in students.  

SUGGESTION 

1. Need for learning system model and approach in building the capability of critical 

thinking students. 

2. The selection of models and approaches to learning to do synchronization against 

the subject matter that is given with the expectation of a favorable learning 

objectives 
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Abstract 

Higher order thinking skill is more difficult to learn and teach but also more 

valuable because its skill is more likely used in life situation especially application of 

science concept. Higher order thinking skill is the highest level of thinking skill consisting 

of analysis, evaluation, synthesis and creating. This paper had reviewed some global 

report and research of higher order thinking skill in science education. The first part of 

the paper will present four biggest global report involve higher order thinking skill and 

description of Indonesian position in the world. The second part of this paper will explore 

some research of higher order thinking skill and how to improve student’s higher order 

thinking skill in science. Finally this paper will make description of student’s higher order 

thinking skill in Indonesia, teaching and assessing method to improve students’ higher 

order thinking and its research  especially in science education. 

 

Keywords: HOTS, analysis, thinking 

 

INTRODUCTION 
Globalisation have put a demand on the education in Indonesia to improve the quality 

of human resources. One of the way is to prepare students with real life skills that will 

enable them to be an individual who is capable to solve new problems and confront the real 

world. Higher order thinking skills (HOTS) are the type of thinking skills that must be 

developed by the students because knowledge obtained through HOTS are easily 

transferable, so the students with a deep conceptual understanding of an idea will be able 

to apply the knowledge in their life.  

According to the revised Bloom’s taxonomy, cognitive process divided by lower order 

thinking (LOT) and higher order thinking (HOT). LOT consists of remembering, 

understanding and applying. Meanwhile, HOT include analysis, evaluation, synthesis and 

creating (Schraw et al, 2011). HOT are skills that taking place in the higher levels of 

cognitive processing. These skills involve categorizing items, comparing and contrasting 

ideas and theories, and solving problems. Abilities and skills that include in HOT are 

complex thinking that goes beyond basic recall of facts, such as evaluation and invention, 

enabling students to retain information and to apply problem‐solving solutions to real‐

world problems.  

HOTS consist of critical, logical, reflective, metacognitive, and creative thinking. They 

are used when students confront unfamiliar problems, uncertainties and dilemmas. The 
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results of successful skills application are explanations, decisions, performances, and 

products which are valid within the context of available knowledge and experience. Higher 

order thinking skills are grounded in lower order skills such as discriminations, simple 

application and analysis, and cognitive strategies and are linked to prior knowledge of 

subject matter content. Students’ growth facilitated by appropriate learning environment 

and teaching strategies. Their growth such as do student persistence, self-monitoring and 

open minded. It related to how higher order thinking skills are learned and developed. 

HOTS’ students also involve the transformation of information and ideas. The 

transformation occurs when students combine facts and ideas then synthesis, generalise, 

explain, hypothesise or arrive at some conclusion or interpretation. Manipulating 

information and ideas through these processes allows students to solve problems, gain 

understanding and discover new meaning. When students engage in the construction of 

knowledge, an element of uncertainty is introduced into the instructional process and the 

outcomes are not always predictable so the teacher is not certain what the students will 

produce. The teacher’s main instructional task is to create activities or environments that 

give them opportunities to engage in higher‐order thinking (Ramos, 2013).  

Teaching with higher order thinking need lesson plans which include modeling of 

thinking skills, examples of applied thinking, and adaptations for various student needs. 

Lessons should be designed to teach certain learning strategies. Useful learning strategies 

include rehearsal, elaboration, organization, and metacognition. Meanwhile, lessons need 

particular clarity of communication to reduce ambiguity and confusion and also improve 

students’ attitudes about thinking tasks. However, the teacher must be careful because too 

much or too little support for students can hinder their development. Activities should 

involve challenging tasks, teacher encouragement to stay on task, and ongoing feedback 

about group progress. Small group activities such as student discussions, peer tutoring, and 

cooperative learning can be effective in the development of thinking skills. Besides, 

computer-mediated communication and instruction can allow collaboration with students 

in other locations. It can be effective in skill developing such as verbal analogies, logical 

thinking, and inductive/deductive reasoning. 

Valid assessment of higher order thinking skills requires that students must be 

unfamiliar with the questions or tasks and they have adequate prior knowledge to answer 

questions or performing tasks using their higher order thinking skills. Task formats are 

useful in measuring higher order skills: (a) selection, which includes multiple-choice, 

matching, and rank-order items; (b) generation, which includes short answer, essay, and 

performance items or tasks; and (c) explanation, which involves giving reasons for the 
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selection or generation responses. Classroom teachers recognize the importance of having 

students develop higher order thinking skills yet often do not assess their students’ progress 

(King, Goodson & Rohani, 1998). A scoring scheme must be devised in such a way that 

higher-order thinking is required to score well for summative assessment of how students 

use higher order thinking skills. It means that soundness of thinking must figure into the 

criteria from that the rubric is developed. Some rubrics or other scoring schemes attend 

mainly to surface features or merely count the number of correct facts in students’ 

responses. Such scoring schemes can turn an exercise which students did use higher order 

thinking skills into a score that doesn’t reflect their thinking skills (Brookhart, 2010). 

The general description about the education in Indonesia can be seen in four global 

survey’s result: The Learning Curve 2014 Report, The PISA 2012 Report, The Global 

Innovation Index 2014 and The Global Creativity Index 2011. The Learning Curve 2014 

Report (28 November, 2012) views the education’s result in Indonesia placed in the 10th 

rank from the last position (Z-score = -2,03). Indonesia is placed about 2-3% of the lowest 

group. Besides, survey’s result from PISA about the ability of 15 years old students in 

mathematics, language and science viewing  Indonesia on the 61st rank in language but on 

the 64th rank in mathematics and science from 65 countries which participate in this survey. 

Mostly (75.7%) The ability of Indonesia’s students who participate in the survey are in the 

below level-2 group. It means they only do some questions which the information are 

complete and can be answered without inference like a question that demand HOTS.  

Another survey from Soumitra Dutta et al (Eds. 2014) through a book titled  “The Global 

Innovation Index” which collaboration result from Cornell University, INSEAD, and the 

World Intellectual Property Organization (WIPO). The analysis is innovation index of 

Indonesia on the 87th position between 143 participating countries. Then, in January2011, 

report from Martin Prosperity Institute titled “Creativity and Prosperity: The Global 

Creativity Index”. The report viewing the creativity index of Indonesia (0.037) is in the 

second position from the last position (81st position). The global reports which related to 

innovation and creativity in Indonesia showing the position of Indonesia still in the low 

position. It means the human resources in Indonesia  need to improve some skills to 

compete competitively in the real world. The position of Indonesia in four surveys caused 

by students’ HOTS in Indonesia still low in analyzing, evaluating and creating skill. 

 

RESULTS AND DISCUSSION 
According our review of students’ higher order thinking skill in senior high school 

consisting of 1566 students in Yogyakarta. We had found portait of of students’ higher order 
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thinking especially in physics education which are consist of motion, circular motion, force, 

impuls and momentum, and energy and work. Portait of students’ higher order thinking 

from those object study is categorize in very low, low, moderate, high, and very high in 

sequence which has 1.91%, 16.03%, 61.11%,20.75% dan 0.19% shown in Table 1. 

 

 

Table 1 show that half of students in survei have ability in category moderate. However 

students in high category are about 20,94%. Two schools which have high and very high 

category in higher order thinking skill are  SMAN 6 Yogyakarta (6,07%) dan SMAN 1 

Bantul (2,23), and five schools which have very low and low category in higher order 

thinking skill in sequence are SMAN 1 Kasihan (4,28%), SMAN 1 Godean (1,98%),  

SMAN 1 Sewon (1,66%), SMAN 8 Yogyakarta (1,53%), and SMAN 2 Yogyakarta 

(1,41%).  

According this review in higher order thinking skill, the research in education involving 

higher order thinking skill have to be improve especially way to increase students’ higher 

order thinking skill using teaching material, learning media, games and others. 

In other side, research about instrument to measure higher order thinking skill correcly 

have to improve too. One of the example of instrument developed by Dr. Edi Istiyono is 

PhysTHOTS (Physics Test of Higher Order thinking Skill). PhysTHOTS consist of three 

of bloom taxonomy (analyzing, evaluating, creating) which form optional question with 
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reason. The other way to learn how to asses higher order thingking skill could be learned 

in journal and book of Susan Bookhart.  

Improving higher order thinking skill in learning will make great pattern skill of 

students. Higher order thinking skill help students to be great learning which have abilty to 

analazing, evaluating and creating problem an case in life and science. 

 

CONCLUSIONS AND SUGGESTION 
This paper has briefly reviewed some literatures of higher order thinking skill in 

science and physics education. Results of the study call for push toward higher‐order 

thinking skills in education field. These skills are necessary for people to have in this 

rapidly changing, technologically oriented world. Instruction in thinking skills promotes 

intellectual growth and fosters academic achievement gains. The importance for students 

to develop these skills is asserted in “Teaching Higher‐Order Thinking”. 

Information learned and processed through higher‐order thinking processes is 

remembered longer and more clearly than information that is processed through lower‐

order, rote memorization. Knowledge obtained through higher‐order thinking processes is 

more easily transferable, so that students with a deep conceptual understanding of an idea 

will be much more likely to be able to apply that knowledge to solve new problems. 

 It can be noted from the results that the higher the level of students’ higher order 

thingking skill, the better their performance in physics. There is a need to enhance such 

skills in the physics classroom as substantiated abilty to analyze, evaluate and create 

problem and life case. 

The learning environment for science should encourage students to engage in 

higher‐order thinking activities. Teachers of science subjects need to move away from an 

over‐emphasis on content mastery and adopt pedagogies that enable the development of 

thinking processes. Graduates cannot rely on recall of content knowledge alone to operate 

effectively in the workplace, but must also be equipped with the procedural, strategic and 

metacognitive knowledge to solve complex problems. Students need adequate practice and 

opportunities to develop these skills, and must be able to manage their own learning . In 

the last part, reviewer attempt to give a solution which makes research of higher order 

thinking skill in education field enhanced like using teaching material, media, or case study 

which is especially focused to enhance student’s higher level order thinking skill. The 

another research which will can do is the way of how to asses higher order thinking skill 

coreclty. 
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Abstract 

The aim of this paper is to investigate the importance of integrated 

assessment to measure critical thinking skills and science process skills in 

chemistry learning. Integrated assessment is an assessment form that integrates 

several aspects or multidisciplinary science in the assessment process. This 

integrated assessment is chosen because both have a relationship that can’t be 

separated. Critical thinking skills is part of  high order thinking skills that is 

being education’s demand in 21st century. It covers cognitive and skill aspects 

to construct cognitive component. Science process skills is skill that necessary 

for students to find their own knowledge by finding or identifying problem, 

solving problem, and answering questions about natural phenomena, so 

students’ knowledge becomes more meaningful. Process skills are not only 

intended for science, but also social science that requires critical thinking 

skills. Therefore, integrated assessment is needed to anticipate the lossing of 

relationship between critical thinking and science process skills. However, in 

reality there are many obstacles in measuring both aspects. These problems 

become the main reason to design integrated assessment that consists of essay 

which can measure critical thinking and science process skills. The integrated 

assessment product for electrolyte solution material can be used as alternative 

instrument to measure critical thinking and science process skills for chemistry 

educators. 

  

Keywords: integrated assessment, critical thinking skills, science process 

skills 

  

INTRODUCTION 

Assessment is evaluation process to determine the quality and  success of learning 

that includes cognitive, affective and psychomotor aspect. These aspects are very important 

in chemistry learning. The statement is based on the nature of chemistry as product and 

chemistry as a process. According to the nature of chemistry, learning product consist of 

declarative knowledge and procedural knowledge. Declarative knowledge is cognitive 

knowledge of science including fact, principle, concept, law and theory, while procedural 

knowledge is knowledge oriented process skills, in other words it called science experience 

(Ismail & Jusoh, 2001; Marzano, 2007: 59). Therefore, chemistry learning not only 
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promote cognitive aspect, but also should be balanced between cognitive and science 

process skills. 

In the 21th century, student are required to have competence to meet global demand 

which is known as global competence (Mansilla & Jackson, 2011: xiii). Global competence 

includes three aspect such as empirical based knowledge and skills; high-order cognitive 

and metacognitive skills; and global disposition, prespectives and attitudes (Balistreri et 

al,2012: 5). The three aspect are reflection of the cognitive, affective and psychomotor 

which is learning product.  Therefore, if the development of three aspect are properly 

addressed, student will have a good global competence anyway. 

One way to prepare the student have a global competence is to prepare 

student’sognitive aspect, especially aspects of high order thinking skills and metacognitive 

skills(Balistreri et al, 2012: 5). High order thinking skills in global competence includes 

critical thinking skills, creative thinking skills and problem solving skills (Brookhart, 2010: 

3 ; Moore & Stanley,  2010: 7;  Balistreri et al, 2012: 5). Critical thinking skills is very 

important for students, because critical thinking are one of the goals of eduation, essential 

thinking skills in learning process, and as way for self-learning (Judge, Jones, & McCreery, 

2009: 4; (Mahapoonyanont et al., 2010). In chemistry learning, critical thinking emphasizes 

students to express arguments critically and generate reason that can be accounted. Students 

who have good critical thinking skills will use reason and reliable fact to support his 

arguments. So, student should be familiarized use critical thinking skills in learning. 

Psychomotor is one of aspect in global competence, that is empirical based 

knowledge and skills. According to Balistreri (2012: 11), empirical based knowledge and 

skills are a set of skills and empirical knowledge which is acquired practically. One of skills 

in  empirical based knowledge and skills is science process skills. Science process skills is 

the things that scientists do when they study and investigate (Rezba et al., 2006: xv). 

Science process skill is very important step in learning process to acquire knowledge and 

is one of science learning object to prepare student in accumulating knowledge and find 

their own knowledge (Rauf et al. 2013; Mutisya, Too & Rotich, 2014). Process skills can 

be trusted to ensure that student have meaningful knowledge because process skills can 

help students to improve high order thinking skills. Therefore, development of process 

skills for student is very important to be noted. 

Assessment of learning outcome is still focused in cognitive aspect, whereas the 

assessment of learning outcome such cognitive and skills must be assessed simultaneously 

(Zoller, 2001). According to Austin et al. (2015), student who have a good science process 

skills will have better cognitive abilities than student who don’t have the skills and rely on 
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memorization. So, we can conclude that there is a relationship between cognitive abilities 

and science process skills. 

In fact, the assessment of cognitive and skills performed separately. If the assessment 

carried out separately, it will not be obtained the relationship between cognitive and skills 

aspect, especially the relationship between critical thinking skills and science process skills. 

These problems become the main reason to design integrated assessment to measure critical 

thinking skills and science process skills. Therefore, the aim of this paper is to investigate 

the importance of integrated assessment to measure critical thinking skills and science 

process skills especially in electrolyte solution subject. 

 

DISCUSSION 

1. Critical Thinking Skills 

Critical thinking skills is one of high order thinking skills. Various terms have 

been used to describe these critical thinking skills. Norris & Ennis (Brookhart, 2010: 4) 

claim “critical thinking is reasonable, refelctive thinking that is focused on deciding 

what to believe or do”. Moreover, Cottrel (2005: 1) claims that critical thinking is 

cognitive activity associated with using mental process including attention, 

catagorization, selection and judgment. Watson & Glaser (Arsal, 2015) argue that 

critical thinking is combination of attitudes, knowledge and skills. Based on these 

definitions, critical thinking is comprehensive and reasonable thinking process toward 

knowledge which reflected on the resulting arguments and decision . 

Arslan (2015) state that critical thinking consists of four component, that are 

content knowledge (disciplinary field), procedural knowledge (thinking ability), 

observation skills,  as well as controlling and thinking ability. Based on these 

explanation, critical thinking is an ability that cover cognitive and skills aspect to 

arrange cognitive component. 

Zoller (2001) state that main goal of future education is the development critical 

thinking skills in specific context and process in chemistry, moreover the relationship 

with science, technology, environment and society. Based on these explanation, student 

may be prepared with critical thinking skills to face the competition in the future. 

2. Science Process Skills 

Science process skills is one of soft skills. There are various definition of science 

procees skills. Different people define and study the science process skills in different 

ways, so there are many definition of science process skills. Harlen & Huppert et al. 

(Aktamis & Ergin, 2008) claim that science process skills is a tool to produce and use 
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scientific information in scientific research and to solve a problem. Student can acquire 

it by science learning activity. Furthermore, Karsili & Sahin (Mutisya, Too, & Rotich, 

2014) argue that process skills is skills are used by scientists to discover scientific 

knowledge, solve problem and  make conclusion about the problem. Based on these 

explanantion, science process skills is skill that necessary for students to find their own 

knowledge by finding or identifying problem, solving problem, and answering 

questions about natural phenomena, so students’ knowledge becomes more meaningful. 

Process skills are not only intended for science, but also social science that requires 

critical thinking skills. So, critical thinking skills assosiated with science process skills. 

Padila (Keil, Haney, & Zoffel, 2012) argue that science process skills consist of 

two level, that is basic science process skills and integrated process skills. Basic science 

process skills is foundation skills of scientific method. It consist of six process skills, 

that is observing, communicating, classifying, measuring metrically, inferring and 

predicting (Rezba et al., 2006: 5). Integrated science process skills is the development 

of basic science process skills. It consist of ten proses skills, that is identifying variables, 

constructing a table of data, constructing a graph, describing relationship between 

variables, acquiring and processing own data, analyzing investigation, constructing 

hypotheses, defining variables operationally, designing experiments, and experimenting 

(Rezba et al., 2006: 5). 

3. Electrolyte Solution Subject in Senior High School 

Electrolyte solution is one of chemistry subject in 2nd semester of X grade in 

senior high school. This subject include electrolyte, nonelectrolyte solution and 

electrical charge of solution. The reason of choosing this subject is its application have 

close relation with dailylife because to trained students’ critical thinking skills, need to 

associated learning with dailylife phenomena. Students’ critical thinking skills are seen 

by the argument that used to identify and solve problem. 

4. Integrated Assesssment 

Assessment is final steps in learning process. Assessment is conducted to 

determine achievement of learning goals. Assessment instrument is a tool to measure 

learning outcomes. The result of assessment can be used to conclude students’ mastery 

domain (Stecher, 2010: 9). 

According to Brookhart (2010: 8), “Student learn by constructing meaning, 

incorporating new content into their existing mental representation; therefore, 

improving thinking skills should actually improve content knowledge and understanding 

as we”. Understanding of content knowledge underlie assessment of learning outcomes 
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are more inclined on cognitive aspects. Conventional assessing goal only finite to recall 

of knowledge. It is called factual knowledge. Assessing method are used to measure 

these goal is multiple-choice, matching and short-answer. McColskey & O'Sullivan 

(2000: 4) argue that to measure high order thinking skills, probelm solving skills and 

critical thinking skills are not enough to use recall such as worksheet, fact-level question 

and answer, multiple choice dan short answer. Loucks-Horsley (McColskey & 

O'Sullivan, 2000: 7) claims that test enables students to explore or investigate problem, 

solve problem, make science as inquiry model, applying knowledge and empirical 

evidance to understand nature and technology.  Therefore, good instrument, not only 

examine students’ understanding and retention of learning material, but also be able to 

encourage students applying knowledge to find and solve problems. 

Critical thinking skills is one of high order thingking skills, so instrument which 

is used to measure it similar to high order thingking skills’ instruments. The differences 

of it is critical thinking skills more emphasisnon students’ reasoning and judging on an 

issue. The instrument that used to measure science process skills must include indicators 

of science process skills. Therefore, instrument to measure science process skills should 

be able to investigate how much student understanding chemistry concept in terms of 

concept discovery process. 

The assessments of critical thinking skills and science process skills can be 

carried out simultaneously by integrated assessment. Integrated assessment is an 

assessment form that integrates several aspects or multidisciplinary science in the 

assessment process. Schineider (Schneider & Lane, 2005) state “... the use of ideas and 

methods from many disciplines that remain unintegrated, to approaches that are 

interdisciplinary, involving the use of an original combination of multidisciplinary ideas 

or methods integrated in such a way that they allow for explanations or assessments not 

possible with unintegrated idea”. Based on these explanation, assessment of cognitive 

and skills aspect can be integrated become one assessment. Cognitive and skills aspect 

are critical thinking skills and science process skills. The reason of choosing critical 

thinking skills and science process skills are both have a relationship that can’t be 

separated. Therefore, integrated assessment is needed to anticipate the lossing of 

relationship between critical thinking and science process skills.  

CONCLUSION AND SUGGESTION 

It is important to develop instrument of critical-process skills integrated assessment 

to measure critical thinking skills and science process skills on electrolyte solution subject, 

because to anticipate the lossing of relationship between critical thinking and science 
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process skills. Integrated assessment instrument may also develop in other chemistry 

subject that requires other thinking skills such as high order thinking skills, creative 

thinking skills, problem solving skills and analytical thinking skills with science process 

skills. 
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Abstract 

       This study was aimed developing PLC and monitoring system trainer kits for 

project-based learning, student centered learning and scaffolding in vocational 

high schools, especially in  Electrical Power  Installation Engineering Expertise 

Program, that has a good level of feasibility.  

       The type of research used in this study is research and development, which 

has several stages: need assesment, design, manufacture, testing, validation, and 

revision.  Data collection is gained by testing and observations, using check lists 

and observation sheets. Data were analyzed descriptively.  

       Findings of the study showed that the PLC and monitoring system trainer kit 

has been developed for project-based learning, student centered learning and 

scaffolding in vocational high schools, especially in   Electrical Power  

Installation Engineering Expertise Program, with good feasibility, which is 

demonstrated by the results of black box testing showing that the system function 

properly, and the average total validation score of 3.01 showing a good 

feasibility. The recommendation given is that this study needs to be continued in 

the stage of implementation in learning and evaluation. 

 

Keywords: PLC, trainer kit, project-based learning, student centered learning, 

scaffolding. 

 

INTRODUCTION 

Currently the development of science and technology applied in the industrial 

world is very advanced. One example of the advancement of science and technology in the 

field of electricity applied in the industrial world is the Programmable Logic Controllers 

(PLC). PLC are used in the industrial world and becomes more advanced and sophisticated 

from time to time, which serves as the control brain of various equipment or machines in 

the industry. Examples of the use of PLC in the industrial world, are: the use of PLC as the 

controller of elevators in buildings; controller of the conveyor system; the use in filling 

water into bottles, the use in welding and pressing car bodies; the controller in the sorting 

of industrial products; etc. 

The latest development of PLC as the machine controller in the industry is the addition 

of a monitoring system on the control. The advantage of this monitoring system is that the 

control of industrial machines can be monitored continuously, so if there is any disruption, 
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it can be directly identified and corrected quickly and accurately. Moreover, the production 

process carried out by industrial machinery with PLC controllers can be monitored via a 

monitor placed in a comfortable monitoring room, so the employee can observe through 

the monitor in the room. 

Seeing the development of the use of PLC as machinery controller which is equipped 

with a monitoring system as mentioned above, vocational high schools, especially the 

Installation Engineering of Electrical Power Utilization Expertise Package Program, which 

is an educational institution producing graduates to work in the industry, are required to 

equip competence of PLC and the monitoring system for its students. Providing 

competence of PLC and monitoring system for students is very important, so that when 

they graduate, they will not experience a PLC technology illiterate, and can handle jobs 

related to the PLC technological advances in the industry. 

Based on preliminary studies conducted in SMK Negeri 1 Sedayu, Bantul, SMK 

Negeri 2 Pengasih, Kulon Progo, and SMK Negeri 2 Wonosari, Gunung Kidul, on the 

implementation of the 2006 curriculum for Competency of Expertise in Electrical Power 

Installation Engineering, the data showed that the competence of PLC is taught in eleventh 

grade 4th semester in the form of PLC practice learning through subject Assembly and 

Operation of Control System. In the 2013 curriculum, the competence of PLC is given in 

the form of PLC practice learning through subject Installation of Electric Motors in twelfth 

grade 5th semester. But until now the PLC practice learning in the 2013 curriculum through 

these subjects has not been carried out. This is because the 2013 curriculum is applied for 

vocational students in class 2013, while the current government took measures to exempt 

the application of the 2013 curriculum so that many Vocational High Schools returned to 

the application of the 2006 curriculum. Only vocational high schools with certain criteria 

can apply the 2013 curriculum. Thus it is estimated that most vocational high schools will 

continue to use the 2006 curriculum. In addition, if further examinated, the basic 

competence of PLC between the two curriculums is basically not much different. 

Furthermore, preliminary studies conducted at the three vocational schools showed that 

the PLC competence achieved by students through PLC practice learning through subject 

Assembly and Operation of Control System is low. This is demonstrated by the data of 

students’ learning results in the three vocational schools in the last three years, school year 

2012/2013, 2013/2014, and 2014/2015, the average number of students who can achieve 

PLC competence, with a score of 70 to above, is still under 55%. In preliminary studies 

were also obtained data that in the three vocational high schools has not been found PLC 

equipment equipped with monitoring systems as developed in the industrial world. 
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Moreover, the available practice teaching material (job sheets) has not provided the 

competence of the monitoring system. Practice tools equipped with teaching materials such 

as job sheet or learning modules are referred to as a trainer kit. The presence of a PLC 

trainer kit which is not equipped with monitoring system caused the teachers to have not 

taught the development of PLC application in the industry. 

Another result of the preliminary study indicates that the PLC practice learning process 

through subject Assembly and Operation of Control System at all three vocational schools 

still applies conventional learning, such as teacher-centered learning, and have not applied 

learning models developed in the 21th century, such as student centered learning, project 

based learning, etc. In addition, in the PLC practice learning, there have been no attempt 

made by the teacher to make the students active and independent therefore the learning 

process becomes effective. While in fact, there are learning that can encourage students to 

be active and independent, one of which is scaffolding based learning. 

Based on the description above, a study needs to be done on the development of PLC 

and monitoring system trainer kit for project based practice learning, student centered 

learning, and scaffolding in Vocational High Schools. In this study, the development of 

PLC and monitoring system trainer kit is in the form of a PLC practice prototype unit, and 

practice learning module for the practice of Assembly and Operation of Control System, in 

vocational high school, in the Installation Engineering of Electrical Power Utilization 

Expertise Package Program. In this study, the PLC used is PLC Omron, while in developing 

monitoring system use Human Machine Interface (HMI). 

     This study aims to develop the PLC and monitoring system trainer kit for project 

based learning, student centered learning, and scaffolding in vocational high schools, 

especially in the Installation Engineering of Electrical Power Utilization Expertise Package 

Program, which has good feasibility. This study is particularly useful for students where 

students will gain competence provision of the development of PLC application in the 

industry, therefore when they graduate they will have a competitive edge in gaining 

employment opportunities that requires such kind of competence in the industry. Other 

benefits of the study is that the PLC and monitoring system trainer kit is developed for 

project based practice learning, student centered learning and scaffolding, therefore 

students will be encouraged to participate in the learning actively, creatively, and 

independently, impacting on the improvement of PLC competence achievement for the 

students. 

     A trainer kit is one form of a learning media. Rainer, et.al. (2008: 568), suggests that 

some types of learning media in terms of forms are learning media in the form of real 
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objects and in the form of a model or an imitation. In line with these opinions, Anderson 

(1987: 38) suggests that one type of learning media is a physical object in the form of real 

objects or artificial objects that are very similar to real objects. Learning media in the form 

of a real object or artificial object equipped with the workings of the object is a trainer kit. 

Based on these opinions, it indicates that a trainer kit is a learning media in the form of real 

or artificial equipment equipped with job sheet or practice learning modules. In this study, 

the real object applied in the industry as a trainer kit is PLC Omron, equipped with a 

monitoring system using Human Machine Interface (HMI).  

       Bryan & Bryan (1997:4) suggests that Programmable Logic Controllers (PLC) or 

also called as Programmable Controllers, are equipments that are included in the computer 

family, which uses an integrated circuit to perform control functions. Another opinion is 

given by Festo (2004: 1) which states that the Programmable Logic Controller (PLC) is a 

digital electronic device that uses memory which can be programmed as an internal storage 

of a set of instructions to implement specific functions, such as logic, sequential, timing, 

calculation, and arithmetic. Based on the two opinions above, it can be concluded that a 

PLC is a digital electronic device, included in the computer family, which uses integrated 

circuit with a memory that can be programmed as an internal storage of a set of instructions 

to implement functions of logic, sequential, timing, calculation, and arithmetic to perform 

control functions. 

According to Hidayat & Sumardi (2013: 1), to develop a monitoring system can use 

HMI (Human Machine Interface). HMI (Human Machine Interface) is an interface or a 

link display between a human and a machine. HMI is a place where users conduct 

surveillance or monitor processes in the system. In addition the user can also enter an input 

on the HMI display. These opinions shows that the HMI can visualize events or processes 

that is happening in real in the plant so with the HMI the operator is easier to do physical 

work. In addition HMI can also be used to indicate engine fault, the status of the machine, 

allows the operator to start and stop operations, and to monitor several parts on a production 

machine. 

In this study, the PLC and monitoring system trainer kit is developed with reference to 

the project based learning, student centered learning, and scaffolding. Project-based 

learning, according to Bell (2010: 39), is defined as an innovative approach to learning that 

teaches many important strategies to be successful, with students pushing their own 

learning through investigation, and work together to research and create projects that reflect 

their knowledge. Student centered learning, according to Cornelius-White and Harbaugh 

(2010: xxvii) is defined as an approach to teaching and learning that prioritizes the 
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expertise, the uniqueness of each student, and the best instruction in the learning process 

to achieve success or achievement of students in a comprehensive manner. As for the 

scaffolding learning, according to Jingyan, Lajoie and Wiseman (2010: 284), can be 

defined as a technique of providing support to study in a structured manner, conducted at 

an early stage to encourage learners to learn independently. 

 

RESEARCH METHOD 

Type of research used in this study is Research and Development reffering to the 

ADDIE model, with stages: Analysis, Design, Development or Production, 

Implementation, and Evaluations. But in this study were taken limitations and modification 

of stages, including: requirements analysis, design, manufacture, testing, validation of 

reviewer, and improvement. 

At the stage of needs analysis, literature studies and field studies was carried out by 

conducting observations, interviews, and distributing questionnaires to students and 

teachers of SMK N 1 Sedayu, SMK N 2 Pemgasih, and SMK N 2 Wonosari in the 

Installation Engineering of Electrical Power Utilization Expertise Package Program, about 

the problems and needs in PLC practice learning. At the design stage, designing of 

hardware and software of the trainer kit prototype units and learning modules is done. 

Design is done with reference to the results of the needs analysis. The next stage is 

manufacturing, which includes the manufacture of the trainer kit prototype unit and 

learning modules referring to the design. The testing stage is in the form of black box 

testing particularly to the manufacturing results of the trainer kit prototype unit to test the 

functioning of the system. The stage of validation is performed by 2 material reviewers, 2 

media reviewers, and 2 learning model reviewers to the results of manufacturing the trainer 

kit prototype unit and learning modules. The next step is improvement to the trainer kit 

prototype unit and learning modules based on recommendations from the validation stage. 

The means used to obtain data on the testing and validation stage is observation, while 

the instruments used were multimeter, checklists and observation sheet. Data were 

analyzed descriptively. 

RESULTS AND DISCUSSION 

Results 

Through research stages including requirement analysis, design, and 

manufacturing, is obtained results of the development of PLC and monitoring system 

trainer kit for project based practice learning, student centered learning, and scaffolding in 
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vocational high schools, in the form of trainer kit prototype and practice learning modules. 

The prototype for the PLC and monitoring system trainer kit is shown in Figure 1. 

 
 

Figure 1. Prototype of the PLC and monitoring system trainer kit  

The results of manufacturing the prototype of PLC and monitoring system trainer kit is then 

tested through the black box testing to examine the functioning of the system. The results of  

the black box testing on the prototype of PLC and monitoring system trainer kit is presented 

in Table 1. 

Table 1. Results of black box testing on the prototype of PLC and monitoring system 

trainer kit. 
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No Part/Block Indicator Test 

Results 

1. AC power 

supply 

Scalable AC power supply voltage 220 

Volt 

Successful 

2. DC power 

supply 

Scalable DC power supply voltage 24 Volt Successful 

3. Input 0.00 – 

0.11 

Input indicator lights up when the 

corresponding input terminal 0.00 – 0.11 is 

On. 

Successful 

4. Input 1.00 -

1.11 

Input indicator lights up when the 

corresponding input 0.00 – 0.11 is On. 

Successful 

5. Output 100.00 

– 100.07 

Output indicator lights up when the 

corresponding output terminal is On. 

Successful 

6.  Output 101.00 

– 101.07 

Output indicator lights up when the 

corresponding output terminal is On. 

Successful 

7.  PWR indicator 

light (green) 

On, if the power is supplied to the PLC 

and Off, if the power is not supplied to the 

PLC. 

Successful 

8. RUN indicator 

light (green) 

On, if the PLC operates in the RUN or 

MONITOR mode and Off, if the PLC 

operates in PROGRAM mode or a fatal 

error occurs. 

Successful 

9. COMM 

indicator light 

(yellow) 

Blinks, if the data is being transferred via 

the peripheral port or RS-232C port and 

OFF, if the data is not being transferred via 

the peripheral port or RS-232C port 

Successful 

10. ERR/ALM 

indicator light 

(red) 

On, if a fatal error occurs, blinks in case of 

errors are not fatal, and off if the operation 

takes place normally. 

Successful 

11. Software CX-

Programmer 

Can work for programming the PLC  Successful 

12. Software CX-

Supervisor 

Can work for programming the Human 

Machine Interface (HMI) as a monitoring 

system. 

Successful 

13 Push button If pushed, the contacts are connected, if not 

pushed then the contacts are disconnected. 

Successful 

14. Magnetic 

Contactor 

If the coil is given working voltage, then 

the NO contacts are connected, NC contacts 

are opened, in the contrary, if the coil is not 

given voltage then the NO contact becomes 

open and NC contacts are connected. 

Successful 

The next step is validation of the prototype of PLC and monitoring system trainer kit 

and practice learning modules by the material reviewers, media reviewers, and learning 

model reviewers. The validation results conducted by the material reviewers to the 

prototype of PLC and monitoring system trainer kit are presented in Table 2.  
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Table 2. The results of validation conducted by the material reviewers to the 

prototype of PLC and monitoring system trainer kit. 

No 
Aspect Assessment Indicators Average 

Score 

1 
 

Benefit of the 

product 

Benefit of the product in the 

learning process 
3,25 

2 
The relevance of the product 

with the industrial world 
3 

3 
 

Application 

difficulty level 

Easiness in the application 

making 
3 

4 
Variations of program that can 

be made 
3,5 

5 
The suitability of the media with 

the ability of students 
3 

Total Average Score 3,15 

The validation results conducted by the media reviewers to the prototype of PLC and 

monitoring system trainer kit are presented in Table 3. 

Table 3. Results of validation conducted by the media reviewers to the prototype 

of PLC and monitoring system trainer kit 

No 
Aspects 

Assessment Indicators 
Average 

Score 

1 Product design Product design 3,25 

2 The safety of material selection 3,25 

3 Layout of components 3 

4 Resilience of components 3,25 

5 The realibility of product performance 3 

6 Benefit of the 

product 

The suitability of products in learning 3,5 

7 
Product benefits in the teaching and 

learning activity 
3,25 

Total Average Score 3,21 

The validation results conducted by the material reviewers to the practice learning 

module of the PLC and monitoring system are presented in Table 4. 

Table 4. Results of validation conducted by the material reviewers to the practice learning 

module of the PLC and monitoring system 

No 
Aspect 

Assessment Indicators 
Average 

Score 

1 
The relevance of the 

material 

Suitability of the material with 

the syllabus 
3,25 

2 
Suitability of the module with 

the media 
3,5 

3 Validity of the material 3,25 

4 Sequence of the material 3 

5 Benefit of the module 3 
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No 
Aspect 

Assessment Indicators 
Average 

Score 

6 

Components of the 

module contents 

Conformity between the 

application example and the 

prototype 

3 

7 Clarity of working steps 3 

Total Average Score 3,14 

The validation results conducted by the media reviewers to the practice learning module 

of the PLC and monitoring system are presented in Table 5. 

Table 5. Results of validation conducted by the media reviewers to the practice learning 

module of the PLC and monitoring system 

No Aspect Assessment Indicators Average Score 

1 
Contents Conformity between the module and the 

competence 
3,25 

2 Ease of understanding the module material 3 

3 Illustration Clarity of illustration 3 

4 Benefit of illustration 3 

Total Average Score 3,06 

The validation results conducted by the learning model reviewers to the practice learning 

module of the PLC and monitoring system are presented in Table 5. 

Table 5. The results of validation conducted by the learning model reviewers to the 

practice learning module of the PLC and monitoring system. 

No 
Aspect Assesment 

Indicators 

Average 

Score 

1. 
Scaffolding Characteristics of 

Scaffolding 
2,75 

2. Steps of Scaffolding 3 

3. 

Student 

Centered 

learning 

Characteristics of 

Student centered 

learning 

2,75 

4. Steps of SCL 2,5 

5. Project Based 

Learning 

Characteristics of PBL 2,75 

6. Steps of PBL 2,75 

Total Average Score 2,75 

 

Discussion 

Results of the development of PLC and monitoring system trainer kit for project based 

practice learning, student centered learning, and scaffolding in vocational high schools in 

the Installation Engineering of Electrical Power Utilization Expertise Package Program, 

has two forms, the prototype of PLC and monitoring system trainer kit and practice learning 

modules of PLC and monitoring system. Because vocational students in Installation 

Engineering of Electrical Power Utilization Expertise Package Program has a moderate 
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academic characteristic, oriented in the competence of strong current electricity or not weak 

current electricity, core competence and basic competence in PLC that is less deep, 

therefore the development of the prototype of PLC and monitoring system trainer kit, and 

the learning modules of PLC and monitoring system is carried out at a basic level. The 

main part of the prototype of PLC and monitoring system trainer kit is the PLC Omron 

CP1E-40SDR-A, equipped with other supporting parts which are the personal computer as 

a means to create the PLC program and the monitoring system program, and the screen of 

the personal computer as a place to display the monitoring system. Other supporting parts 

are the on and off button, emergency button, and a switch as part of the input support. While 

the output support include magnetic contactor and lights. The practice learning modules of 

PLC and monitoring system has been prepared based on project-based learning, student 

centered learning, and scaffolding, which refers to experiments on the prototype of PLC 

and monitoring system. 

To find out the functioning of the system on the prototype of PLC and monitoring 

system trainer kit, a test has been done in the form of black box testing. The results of black 

box testing to the prototype of PLC and monitoring system trainer kit shows that all parts 

of the system can function properly. This is shown in Table 1 that all indicators on the parts 

of the system succeeded in testing. Therefore, it can be said that every part of the system 

of the prototype can work synergistically so that the whole system can work well. 

From the validation done by material reviewers, media reviewers, and learning model 

reviewers on the prototype of PLC and monitoring system trainer kit and the practice 

learning module of PLC and monitoring system, an average score of each aspects has been 

obtained. Furthermore, these scores are classified into several categories referring to the 

provision, which are: scores greater than 3.25 to 4.00 are categorized as having very good 

feasibility, scores greater than 2.50 to 3.25 categorized as having good feasibility, scores 

greater than 1.75 to 2.50 categorized as having unfavorable feasibility, and scores 1.00 to 

1.75 categorized as having poor feasibility. 

Results of validation conducted by the material reviewers on the prototype of PLC and 

monitoring system trainer kit shows the total average score of all aspects of 3.15, which is 

considered to have a good feasibility. This is supported by the overall indicator of each 

aspects which has a good or a very good feasibility. Results of validation conducted by the 

media reviewers on the prototype of PLC and monitoring system trainer kit shows the total 

average score of all aspects of 3.21, which is categorized as having a good feasibility. This 

is also supported by the overall indicator of each aspects which has a good or a very good 

feasibility. If the average of the validation results conducted by the material reviewer and 
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the media reviewer is calculated, it obtained an average score of 3.18 which is categorized 

as having a good feasibility. 

Results of validation conducted by the material reviewers on the practice learning 

module of PLC and monitoring system shows the total average score of all aspects of 3.14, 

which is categorized as having a good feasibility. This is supported by the overall indicator 

of each aspects which has good or very good feasibility. Results of validation conducted 

by the media reviewers on the practice learning module of PLC and monitoring system 

shows the total average score of all aspects of 3.06, which is considered to have a good 

feasibility. Results of validation conducted by the learning model reviewers on the practice 

learning module of PLC and monitoring system shows the total average score of all aspects 

of 2.75, which is categorized to have a good feasibility. This is also supported by the overall 

indicator of each aspects which has good feasibility, except for the indicator steps of student 

centered learning which is assessed as having unfavorable feasibility. If the average of the 

validation results conducted by the material reviewer, the media reviewer, and the learning 

model reviewer is calculated, it obtained an average score of 2.98 which is categorized as 

having a good feasibility. In addition, if the total average between the validation results 

performed by the material reviewer, media reviewer, and the learning model reviewer is 

calculated, it obtained a total average score of 3.01 which is categorized as having a good 

feasibility. 

CONCLUSION AND SUGGESTION 

Conclusion 

The development of PLC and monitoring system trainer kit for project based 

practice learning, student centered learning and scaffolding in vocational high schools has 

been generated, particularly in the Installation Engineering of Electrical Power Utilization 

Expertise Package Program, with a good feasibility. This is shown by the results of the 

black box testing that the system can function properly, and the validation results done by 

the material reviewers, media reviewers, and learning model reviewers which obtained a 

total average score of 3.01, categorized as having a good feasibility. 

Suggestion 

This study needs to be continued to the next research stage, that is the stage of 

implementation in the classroom, evaluation stage, and finishing. 
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Abstract 

 The purposes of this study are (1) to produce a learning media that can help 

students in reducing physical misconceptions, (2) to produce a learning media 

that can facilitate teachers in teaching and learning, (3) to produce a learning 

media that can facilitate students in learning, searching materials and conducting 

online discussions possibility. 

The method that is used in this research is Research and Development from 

Borg & Gall (1983). The subjects will consist of 100 study subjects that drawn 

from several high schools in Yogyakarta. The data collection will use interviews 

and questionnaires to determine the feasibility of a mini book which is used as a 

learning medium and written test to determine the reliability of mini book for 

solving the problems of students' misconceptions in physics. 

Misconception problems arised from the incompatibility between the 

students’ conception with the scientific conception. Misconceptions can be 

solved when the students are exposed to real objects. With this mini book, 

students can learn wherever and whenever they want. 

Keyword: Misconception, Instructional Media, Mobile Learning.  

 

INTRODUCTION 

 

Learning is a process in pursued an experiental changing. In a learning process, 

there are always built from many factors that will support students to learn. Sometimes, 

learning activities stalled due to various factors that causes learning problems. The learning 

problems usually can be indicated by the test results obtained by students who doesn’t meet 

the standard. Many learning problems come from different factors, for examples from the 

chosen learning media which unsuitable with the materials characteristic and the teaching 

style which monotonous sometimes make students feel bored and tired of being in class. 

Theachers’ delivering strategy sometimes feel difficult to understand by the students 

especially in understanding abstract concept (like in physics). In other condition, the 

problems can also identified from the students characteristic itself.  

Learning problems are closely related to the teachers as the most important agent 

in a learning process. Beside preparing learning materials, teachers certainly will never be 

separated from using instructional media in supporting learning activity. Instructional 

media is used as a medium or delivering tools to deliver instructional message to the 
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students. As the characteristic of instructional media, it can explain a complicated material 

to be simple and easy to understand by the students. Media can also give many ways to 

understand learning materials, such as by a graphic, video, and audio. A complex learning 

material usually required many kinds of media that can combine in a unite. 

The better in using media, the better way to teach. According to Swandi (2014) and 

Hadibin (2013) instructional media is a teaching aid in the form of physical and non-

physical which being used as a medium by the teachers and students in understanding the 

subject matter to be more effective and efficient to explain some of the overall learning 

program which is difficult to explain verbally. Media can perform more experience than 

just comes from the teachers explanation. According to Umar (2013) some of the 

instructional media roles use in the classroom is to clarify the presentation of the message 

and the information to be conveyed, to increase the child's attention to what was to be 

presented by the teacher, to overcome the problem of the limitations of the senses, and to 

provide a learning experience that is equivalent to all students in class. 

The use of instructional media is a necessary thing in physics that contains much 

learning experience that should be accomodated. Studied physics is not only by studying 

the theories alone because imagining a theory without action testing (lab) will be an 

obstacle for students to understand the concept. Only understanding the theory or concept 

sometimes make students become misinterpretation between the theories intent and the 

practices of being studied materials. "The concept is an abstraction of the characteristics of 

something that facilitates communication between human beings and allows people to 

think" (Tayubi, 2005). Therefore, it’s necessary to use instructional media to help 

explaining the complex concept in physics. 

DISCUSSION 

Instructional media is used to help the teachers in solving the problems in a learning 

process. Choosing intructional media must be done carefully because if it doesn’t match 

with the materials characteristic, the use of instructional media will disturb the learning 

process.  Not only disturbing the learning process, unsuitable instructional media can cause 

a new learning problems.  

Technological development has an impact in the development of instructional 

media. Teachers must be able to take the advantages of technological developments in 

teaching and learning activities for supporting rich learning experiences through covering 

students’ need. Electronic-based (E-learning) or web-based learning (Web-learning) have 

long been implemented, but through some points of view like effectiveness and efficiency 

of the time and place to learn, it felt less. For example, computer equipment used in the lab 
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can not be moved easily when the students need to practice in the other places. The 

unstability internet connection is also an obstacle for students who wants to get a variety 

of information from the virtual world. 

According to above problems, the instructional technology developers attracted to 

explore the mobile phone device as a media in a learning process. At first, cellular telephone 

is an electronic device that is only used to communicate over long distances. Then, the 

cellular telephone is going to change to smartphone device that is more sophisticated and 

could cover much people needs. Smartphones are now developing increasingly with many 

features that can be utilized as an instructional media. Using smartphones as an 

instructional media can be also called as mobile learning. Mobile means that the device 

(smartphone) can be move to every places and everytime students want to learn. So, it can 

be used by the teachers in conducting interactive learning process. 

The application of instructional media must be adapted to the achieved learning 

objectives, so it will meet the learning materials characteristic with the students 

characteristic. The mobile learning should be use carelessly according to some 

consideration. Some guidelines that should be considered by the teachers before selecting 

media include: (1) compliance with learning objectives, (2) appropriate levels, (3) students 

characteristic, (4) the availability of tools, (5) costs, (6) teachers' skills, and (7) the technical 

quality (Musfiqon, 2012: 118-121). Rusman (2012: 168) also mentions several stages in 

determining the media that will be used based on the identification of objectives and 

competencies as well as the characteristics of the material being studied, adjust the 

characteristics of the media that will be used by the cognitive abilities of the learner, the 

teacher's ability to operate instructional media, easy to operate, and time efficiency.  

Misconceptions or conception is an incident where is someone misinterprets a 

concept. The conception is an interpretation done by someone (Tayubi, 2005). 

Misconceptions that occur during the current instruction, might be contrary with the taken 

scientific conceptions or chronical developed conceptions (Mosik, 2010). Misconceptions 

can be experienced by anyone and not only in physics, misconceptions can also occur in 

all subjects. Liliawati (2009) mentions several factors that lead misconceptions in students, 

there are: the condition of students, teachers, teaching methods, books and context. 

Correspondingly, Yuliati (2015) found some aspects that lead misconceptions are the 

students themselves, teachers and learning methods used by teachers in the classroom. 

Misconceptions that occur in students can be traced using several methods. 

According Purba (2007) tracing students’ misconceptions can be done in three ways: tests, 

interviews, and misconceptions. By using the test instrument or interview, teachers can 
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determine the extent of misconceptions experienced by the students. The argument given 

by the students can be used as a reference to assess misconceptions experienced. The posed 

question in the interview is a question in the form of comprehension questions that allow 

students to give answers according to what they think instinctively. 

In addition, there is another method that can be used to determine how far the 

student experiencing misconceptions is. Misconceptions investigation method by Hasan 

(1999), named Certainly of Response Index (CRI). The misconceptions investigation using 

CRI method is based on the answers given by the students. The misconceptions 

investigation using CRI model is done by the respondent through giving the assessment 

from their answers given, how they confident in answering the questions. Answering 

certainty reflected from the CRI scale given. The lower CRI value given indicates that there 

are doubts about the concept of competence. The other way, a high CRI value indicates that 

the students have confidence in their concept. 

The use of mobile learning and its relation to reduce misconceptions of students is 

in using videos and animations that are displayed in this mini-book application. The 

misconception is  the differences between students' understanding and the concept of the 

scientists agreed. Misconceptions of students is basically already embedded in the 

memories of students and spontaneously be repeated when a question posed to them. 

Mobile learning appears to be ideally suited to teachers as it provides a process of 

learning for professionals who differ from others in the contexts and ways in the which 

they work and learn " (Aubussona, 2009). Mobile learning is not about courses, but about 

using personal digital devices to assist us in performing knowledge work wherever and 

whenever" (Quinn, 2012: 1). Mobile learning can be defined as a facility or service that 

provide general electronic information to learners and the educational content which helps 

attainment of knowledge in everytime and everywhere. Mobile learning is a unique 

learning because learners can access materials, referrals, and applications related to 

learning anytime and anywhere (Pramita, 2013).  

According to John Traxler (2007) "... mobile education that define it purely in terms 

of its technologies and its hardware items, namely that it is learning delivered or supported 

solely or mainly by handheld and mobile technologies such as personal digital assistants 

(PDAs), smartphones or wireless laptop PC ". However, according to Osman et al (2010) 

"Mobile learning as an educational activity makes sense only when the technology in use 

is fully mobile and when the users of the technology are mobile Also while they learn". 

The benefits of using mobile learning in teaching and learning activities can 

provide a freedom in student learning wherever it is located. Mobile device in a mini size 
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with a variety of learning support features, can be used students to learn anywhere and 

anytime. With mobile learning, students can easily access learning materials by utilizing 

instructional media-based mobile, providing a new point of view for a teacher to do a 

variation in teaching so avoid students’ boredom while in the classroom, and being the main 

attraction for the students while using mobile learning as a medium of learning in class. 

Mobile learning can be combine with the animation for explaining difficult 

concepts to understand, explaining abstract concepts into concrete with animation, and 

showing a procedural step clearly (Munir, 2012: 318). One of the advantages of animation 

compared to other media such as a static image or text is its ability to explain the changing 

circumstances each time (Utami, 2011). Another advantage of using animation media 

comes from motion animation effect that creates the illusion of movement helps to explain 

abstract concepts (Surjono, 2015). Trough using moving animation as visualization of an 

abstract concept, animation can facilitate students in understanding the intent of a complex 

concept. 

Basically, before entering the classroom, students have their own concepts and 

theories, then the information will be adapted to the existing cognitive structures (Mosik, 

2010). If the concept is closely related to their memory, it will take a long time to add new 

concepts and changes concept that has long been embedded in their memory. Exactly, It 

needs to add a new concepts to relpace an old concept that is wrong in students memory. 

Planting new concepts require repetition at regular intervals. From this role, mobile 

learning is designed to learn physics to reduce physical misconception. 

With this mobile learning, students can learn at anytime, open the materials and do 

repetitions anywhere without the classroom limit. The mobile learning allows students to 

become easier in learning and to access teaching materials. That mobile learning becomes 

a practical learning resource so the students do not need to be bothered anymore with a lot 

of books when going to school. Students can also do discussions with other friends easily. 

CONCLUSION AND SUGGESTION 

Sometimes, learning physics is not only concern about somethings visible or 

physical matter but also learn about abstract concepts that need an instructional media to 

understand it. With an instructional media, students can learn something clearly rather than 

just imagine on their mind that could cause a misconception.     

By utilizing mobile learning, students can easily perform the learning activities. 

Mobile learning is very portable so it allows the students easily open the material that they 

want to learn at anywhere and anytime. It is also contain with an animated display that is 

designed to meet the students needs to be able to clarify their understanding in decreasing 
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misconceptions case. 

Mobile learning serves a complete package for learning activity through 

simulations and animations that are designed based on the criteria and characteristics in 

accordance with the purpose of learning physics. As the term of mobile, mobile learning 

can be carried easily to anywhere rather than computer devices. It also can be used as an 

alternative to explain a complex understanding with a simple kind of source. 
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Abstract 

Environmental developments in the 21st century in various fields is more 

accelerated than the previous times, which raise many challenges, risks and 

uncertainties. In order to compete and survive in an increasing complex world, 

creativity and innovation skills are needed.  

Developing students’ creativity and innovation can be done through 

science learning. Problem solving in science learning can train students creativity 

and innovation skills. One of science learning model is creative problem solving. 

Creative problem solving emphasizes on creativity in solving problems that train 

and facilitate students how to be creative and innovative. Integrating creativity 

has a positive effect in learning, supports and enhances longlife learning. In this 

case, scientific literacy is required to support the reasoning and decision making 

as a creative and innovative solutions to the challenges and problems that exist. 

In this paper, first the concept of creativity and innovation is introduced, 

then creativity and innovation in education, creative problem solving (CPS) 

model, learning to creativity and innovation in CPS, and science learning are 

discussed. 

  

Keywords: creativity and innovation, science learning, creative problem solving, 

scientific literacy 

 

INTRODUCTION 

The rapid technological developments in the 21st century in various fields lead to 

various challenges, risks and uncertainties. This development changes the way of working, 

a way of thinking, and a way to interact, and it even changes cultural values that exist 

around us. In order to compete, survive and contribute in this complex world,  insight, 

extensive knowledge, creativity and innovation are needed. Insight and knowledge of the 

people will help them to  think creatively and imaginatively.  

Insight and knowledge of a person which deals with science is commonly known as 

science literacy. Scientific literacy provides the foundation for a person to explain a 

phenomenon, making decisions logically, as well as to face and find solutions to the 

problems. Based on the results of PISA and TIMMS study, conditions of scientific literacy 

of students in Indonesia is less encouraging. 
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Table 1.  Science Literacy Average Score and Rank Based on PISA Study 

No. Year 
Science Literacy Mean 

Score 
Rank 

The number of Participating 

countries 

1 2000 393 38 41 

2 2003 395 38 40 

3 2006 393 50 57 

4 2009 383 60 65 

5 2012 382 64 65 

(Adopted from PISA report and http://litbang.kemdikbud.go.id/index.php 

/survei-internasional-pisa) 

 

Table 1. Science Literacy Average Score and Rank Based on TIMMS Study 

No. Year 
Science Literacy 

Mean Score 
Rank 

The number of Participating 

countries 

1 1999 435 32 38 

2 2003 420 37 46 

3 2007 427 35 49 

4 2011 406 40 42 

(Adopted from TIMMS report and http://litbang.kemdikbud.go.id/ index.php/ 

survei-internasional-timss) 

 

The results show that the scientific literacy of students in Indonesia is still low compared 

with other countries. This condition is affected by how the students feel about learning 

science. There are many reasons why many students do not love learning science. They 

argue that it is difficult, they are not capable, or because they are not interested to become 

scientists or technologists. Science learning seems to be a boring class for students. It only 

focuses on the study of science/ IPA as a product, memorizing the concepts, theories, and 

laws,  as well as the test/exam oriented.  These conditions make the students more likely to 

memorize factual information. Students only study IPA at lower domain. Students are not 

accustomed to develop their potency of thinking and even the science learning tend to make 

students become lazy to think independently. Nevertheless, they still hope that learning 

natural science (IPA) at schools can be presented in an interesting, efficient, and effective 

way (Depdiknas, 2006: 5). 

CREATIVITY AND INNOVATION AS THE 21st CENTURY SKILL 

Creativity and innovation are needed by everyone to face and solve problems and 

to obtain a solution of the problems faced. Creativity and innovation deals with the creation 

and application of new knowledge. Binkley et al. (2012: 18) classifies 21st century skills 

into four groups, namely 1) ways of thinking 2) ways of working 3) tools for working, and 

4) living in the world. In this theory, creativity and innovation belongs to the group of ways 

of thinking. 

Creativity and innovation are two different things. Sternberg and Lubart (McLean, 
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2005) argue that "creativity as the ability to produce work that is both novel (ie, original, 

unexpected) and appropriate (ie, useful, adaptive concerning task constraints). Rhodes 

conceptualizes creativity as: a) the individual personality traits that facilitate the generation 

of new ideas; b) the process of generating new ideas; c) the results of the creative process; 

and d) the conducive environment  to generate new ideas and behavior (Alves et al., 2007). 

Chandra (Ismiyanto, 2010) states that  creativity as a mental ability and other various types 

of typical human skills may raise unique, different, original, totally new, beautiful, efficient, 

effective, and appropriate performance. By having creative ability, a person is able to 

generate the meaningful and qualified performance, whether in the form of ideas or real 

work.  

Innovation is an attitude which reflects the capacity to imagine what does not exist 

or a process with different phases from idea to implementation (Drucker (Alves et al., 

2007)). Van de Ven & Angel describes innovation as the process of developing and 

implementing new ideas (McLean, 2005). They wrote "innovation Refers to the process of 

bringing any new problem solving idea into use. , , it is the generation, acceptance, and 

implementation of new ideas, processes, products, or services ". 

Creativity is divergent thinking, whereas innovation is the convergent thinking. In 

shorts, the creativity is generating ideas and innovation is the application of the ideas in 

action (Gurteen, 1998). Binkley et al. (2012) states that creativity is most often the concern 

of cognitive psychologists and innovation, is more closely related to economics where the 

goal is to improve, advance, and implement new products and ideas. Although creativity 

and innovation are two different skills, Binkley found both can logically be grouped 

together in a single assessment. Creativity and innovation is seen as part of the process of 

development and change knowledge into a precious value. Kareulik et al. (2013) also puts 

creativity and innovation are grouped together as one sub-category of the 21st century 

competencies that meta knowledge. Kareulik et al. (2013) looked at the creativity and 

innovation as the ability to apply a wide range of knowledge and skills to generate new 

ideas and useful product (tangible or intangible) as well as the ability to evaluate, outline, 

and select ideas and products. 

Creativity and innovation as one entity skills can be defined as the ability of a 

person's ability to generate new ideas in order to solve the situation faced from a different 

angle from the norm and choosing the right new idea to then put into action or new 

situations. 
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CREATIVITY AND INNOVATION IN EDUCATION 

Creativity and innovation is not olny closely related to science literacy, but also to 

education. Education is seen as one of the centers of creativity and innovation skills 

development. Ferrari et al. (2009) states there are three reasons why creativity and 

innovation need to be developed  in the context of education. The reasons are: 1. Rise of 

new media and technologies used by students in everyday life can be the means  to study 

subject creatively and innovatively both in formal and informal learning; 2. The existence 

of new media and diverse environments generates a new group of students with different 

learning styles, so teachers need to develop creative approaches, new methods, solutions 

and training to attract their attention; and 3. Creativity is a form of knowledge creation, 

therefore stimulating creativity has a positive effect on learning, support and enhance self-

learning, as well as improving the skills and competences of longlife learning. Fostering 

creativity and innovation in education is conducted to train the students to know how to 

and be accustomed to constantly create and innovate, so they are ready to face the 

challenges in the society life and the work fields.  

It is necessary to distinguish creative-innovative learning and learning for 

creativity-innovation as presented by Sir Ken Robinson, an expert of creativity. Creative-

innovative learning means learning ability of teachers to use creativity and innovation to 

improve the process of delivering learning content with new ideas, so it can draw students’ 

attention and motivate them to learn. Teachers create a relationship between the learning 

content and the interests of students. Learning for creativity-innovation is designed to bring 

creativity-innovation skills of students. Learning  in this case is to encourage students to 

do experiment, innovate, and do not only give answers but also to give them the necessary 

tools to explore and find a variety of possible answers. This kind of learning gives students 

chance not to be afraid of being wrong, because creating something new often starts by 

making fault. 

Learning to creativity-innovation is  in line with the constructivism approach. 

Constructivism approach emphasizes the development of knowledge of learning outcomes 

by the students themselves. Students are responsible for their learning outcomes. They 

themselves make reasoning with what they learn, by looking for meaning and comparing 

between what they have already known and their new experiences, and resolving the 

tension or conflict between what they have already known and what they need in a new 

experience (Suparno, 2007: 13 ). In this case, teacher's job is to facilitate the learning 

process and to make knowledge more meaningful and relevant to students. 
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CREATIVE PROBLEM SOLVING MODEL 

Baer (Ismiyanto and Shakir, 2010) mentions that creative problem solving is one 

of the development models for effective problem solving and it can help solving the various 

problems in the daily life. CPS model involves cognitive and affective aspects, and consists 

of three stages. The first stage is the stage of development of divergent functions. First 

phase emphasizes on suppression openness to new ideas and possibilities. The second stage 

is the stage of development of complex thinking and feeling. The second phase is more 

emphasized on the use of ideas in a complex situation with tension and conflict. The third 

stage is the stage of development of real engagement in challenging conditions. The 

emphasis of the third phase in the use of the process of thinking and feeling creatively to 

find solutions to problems freely and independently (Pomalato, 2006). 

Vangundy (Aulia & Rochmadi, 2015) says that the word “creative” distinguishes 

creative problem solving to problem-solving model in other models. The emphasis is more 

on analytical thinking. Creative problem solving (CPS) model emphasizes on creativity in 

solving problems. In the learning process, students must be active to use their capabilities 

to solve a problem that they had never met. Solving problem creatively can be done  if the 

students have a lot of information related to the problems encountered. The more 

information related to the problems available,the more students can be creative and 

innovative in solving problems. Students are able to provide a wide range of alternative 

solutions to a problem and the ability to put forward innovative ideas, a new way that is 

not commonly done by other people. 

Creative problem solving model  is not limited to the level of recognition, 

understanding, and implementation of an information, but also to train students to be able 

to analyze a problem and solve it. Habituating students to solve problem will sharpen their 

intelligence. The source of a person's intelligence is his habit to create a new product that 

has cultural values (creativity) and habits to independently solve problems (problem 

solving) (Chatib, 2009: 71). 

There are several models of creative problem solving that is often used in CPS 

learning. Mitchell & Kowalik, CPS and CPS Pepkin Treffinger. Steps CPS according to 

Mitchel & Kowalik, Pepkin and Trefinger can be seen in Table 3. 

Tabel 3. Comparison CPS Mitchel & Kowalik, Pepkin dan Trefinger 

Mitchell & Kowalik 

(1999) 
Pepkin (2000) Trefinger (2010) 
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1. Mess-Finding  1. Clarification Of The 

Problem 

1.Understanding the challenge  

a. Constructing Opportunities 

b. Exploring Data  

c. Framing Problem  

2. Fact-Finding  

3. Problem-Finding  

4. Idea-Finding  2. Brainstorming 2. Generating Ideas 

5. Solution-Finding  3. Evalution/Selection 3. Preparing for action 

a. Developing Solution 

b. Building Acceptance 
6. Acceptance-Finding  4. Implementation 

Based on Table 3, it shows that the CPS Treffinger steps is more complex and it 

accomodates both Mitchel & Kowalik and Pepkin’s. Step 1, 2 and 3 of Mitchell & Kowalik 

and step 1 of Pepkin are represented in step 1 of Trefinger, step 4 of Mitchell & Kowalik 

and step 2 of Pepkin  are represented in step 2 of Trefinger,  and step 5,6 of Mitchell & 

Kowalik and  step 3,4 of  Pepkin are represented in step 3 of Trefinger. 

From the description above,  it can be concluded that the learning model of creative 

problem solving is a learning model that does centering on the role of students in exploring, 

developing, and coming up with ideas and creativity to solve problems with the syntax: 1) 

Constructing Opportunities (Constructing Possible) 2) Exploring Data (Exploring Data) 3) 

Framing the Problem (Declared Issue) 4) Generating Ideas (Idea Generating) 5) 

Developing Solution (Developing Solution) 6) Building Acceptance (Build Support). 

 

LEARNING TO CREATIVITY AND INNOVATION IN CPS 

CPS based learning can train students’ creativity-innovation skills. At the first step, 

constructing opportunities, students get a case of the problem given by the teacher. Students 

have the opportunity to understand how the case becomes a problem. In the second step, 

exploring the data, students collect data and information related to the case. Scientific 

literacy of students and the ability to use various resources around are closely related to the 

second step. In the third step, framing the problem, students formulate the problem to then 

construct hypotheses. In the fourth step, generating ideas, students' creativity plays an 

important role. Students are given the freedom to express ideas, varied and unique idea to 

solve the problems. The more ideas are varied and unique, it indicates that students are 

more creative in combining scientific literacy and their reason in the search for solutions. 

In the fifth step, developing solution, students’ innovation is challenged to choose an 

existing creative ideas as the best and effective solution of the problems. In the sixth step, 

building acceptance, the students have the opportunity to design and conduct an experiment 

to test the selected solution with the goal of acceptance of the solutions offered. Testing 

solutions in the design of experiments can yield expected or even different result. The 

different result means that the solution offered is "wrong". However, there should be no 
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judgment that  “your solution is wrong”. In this case, teachers, as motivator, need to give 

understanding to students not be afraid to get different results (the wrong). On the other 

hand, this does not mean that being wrong is the same as being creative, but  by 

understanding that the result is wrong, too, is one of the possible results of the experiment. 

Bad stigma on making fault is that it is the worst thing the students do. Consequently, 

students are afraid to make mistakes, and finally the students are trained to loose their 

creativity. 

There are some relevant researches related to the CPS model. Pomalato study 

(2006) shows that the use of CPS model can enhance the creativity of mathematics students 

in grade 2 of junior high school in Gorontalo. Research Pito & Wiyono (2014) and Eprilian 

(2015), which examines the increase in activity and learning outcomes through the 

application of creative problem solving learning model suggests that the model of creative 

problem solving can enhance the activity and student learning outcomes. Hapsari and 

Nursa'ban’s reserach (2014) in SMP N 2 Srandakan demonstrates creative methods of 

problem solving influence on critical thinking skills and student learning outcomes. 

Widiyawati research (2015) regarding the development of devices based science learning 

creative problem solving indicates that the device is quite effective at increasing scientific 

literacy and meta knowledge of junior high school students. 

SCIENCE LEARNING 

The conventional science learning stresses students to learn science as a product, 

and to memorize concepts, theories, and laws. This situation gets worse since the school 

also emphasizes on test or national exam result. In this case, learning science is more 

teacher-centered, teachers simply deliver IPA/ science as a product and students memorize 

factual information. Students only study IPA/ science at the lowest cognitive domain. 

Students are not accustomed to develope their potency of thinking. In fact, many students  

tend to be lazy to think independently and their higher order of thinking skills are not 

realized. The reason often proposed by teachers due to this problem  is the limited time and 

facilities, less-supporting learning environment, and the large numbers of students at class 

(Depdiknas, 2006). 

The government has made a number of steps to improve the quality of education 

in order to produce graduates who are ready to compete globally in the future. One such 

step is through the application of 2013 learning curriculum. The 2013 curriculum uses a 

scientific approach that is expected to prepare the students to have a balance of competence 

among their attitudes, skills and knowledge and generate productive, creative and 
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innovative graduates by strengthening the realm of attitudes, skills and integrated 

knowledge(Hosnan, 2014: 3). 

Scientific learning approach is a learning process that is designed for students to 

actively construct concepts, laws or principles through the stages observed (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 

concepts, laws or founded principles . The purpose of scientific learning approach is based 

on its excellence: 1. to improve the ability of intellect, especially high-level thinking skills; 

2. to form the students' ability to solve a problem in a systematic way; 3. to create conditions 

of learning which make students feel that learning is a necessity; 4. to obtain a high learning 

outcomes; 5. to train students in communicating ideas, especially in writing a scientific 

article; and 6. to develop the student's character (Machin, 2014). 

The spirit of five things (observing, asking, exploring, associating, communicating) 

is appropiate to the teaching of creative problem solving. Observing is accomodated in the 

first and second steps, asking is accomodated in the third step, exploring is accomodated 

in the fourth step, associating is accomodated in the fifth and sixth steps. Creative problem 

solving is one of the excellences of the scientific process. Students can use this capability 

development in science to think logically and sensibly on concepts they learn and apply it 

in everyday life. The interesting condition is that the root of scientific investigation is the 

problem itself. 

 

CONCLUSIONS AND SUGGESTIONS 

Fostering students’ creativity and innovation skills needs to be done to equip 

students to face global challenges in the 21st century. This can be done through applying 

creative problem solving learning model. Fostering students’creativity and innovation in 

learning will familiarize them to the use of their reason to create and innovate new things 

in real life. Based on several studies that apply the CPS model, teachers should be able to 

make the CPS as an alternative model of learning to improve students’ creativity, 

innovation and learning outcomes. 
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Abstract 

 This study aims to investigate the differences in the effectiveness of the 

inquiry learnings of level 2, level 3, and level 4 in improving the cognitive 

learning outcomes and the process skills of the students. This study could add 

teacher’s knowledge about learning to use some level of inquiry, so that it can be 

applied in the learning process. Pretest-posttest non-equaivalent control group 

design was used for this quasi experiment research. A sample of three group was 

established using the cluster random sampling technique. The three classes were 

assigned as an experimental group 1, experimental group 2, and control group. 

While the students of the experimental group 1 were taught using the inquiry 

learning of level 3 (ILL-3), the students of experimental group 2 were taught 

using the inquiry learning of level 4 (ILL-4) and the students of the control group 

were taught using inquiry learning of level 2 (ILL-2). The data analysis used 

MANOVA then processed with further testing using Post Hoc Tukey HSD.  

The results of this study show that there are significant differences in 

effectiveness among inquiry learnings of level 2, level 3, and level 4 in improving 

the cognitive learning outcomes and the process skills of the students, it is shown 

by the output value of the F-test (12,50) at the significance level of 0.00 

(significance < 0.05). Inquiry learning of level 3(ILL-3) more effective than 

inquiry learning of level 2 (ILL-2), and level 4 (ILL-4) in improving the cognitive 

learning outcomes and the process skills of the students, it is shown of gain score.  

Accordingly, It shows that teachers can implement inquiry learning at a level 

appropriate to their ability and level of experience of the student’s science in 

improving cognitive learning outcomes  and process skills for later upgraded to 

the next level. 

 

Keywords: level inquiry, cognitive learning outcomes, process skills 

INTRODUCTION 

Inquiry-based learning has been widely discussed in education policy in Indonesia. 

Inquiry-based learning became one of the alternatives that can be used to support the new 

curriculum, which has implemented a scientific approach to learning in each subject. One 

of the subjects using a scientific approach is physics. Learning physics in high school aims 

to make students able to master the concepts of physics and their interrelationships, as well 

as being able to use the scientific method which is based on a scientific attitude to solve the 

problems (Mundilarto, 2002, p.5). Inquiry-based learning is a process to obtain and receive 

information by observation, or experiment to find an answer to a question or solve a 

problem or formulation of the problem by using critical thinking skills and logical (Jauhar, 

2011: 65). In inquiry learning, knowledge that is commonly used in the form of principles, 
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concepts and theories along with science process skills, to build an explanation of natural 

phenomena so that they understand the science (Glasgow et al., 2010, p.48). 

Inquiry learning involves the exploration of the world using scientific knowledge, 

ask questions, make discoveries, and test the discoveries in the search for new 

understanding (Fang et al., 2010, p.3; Meador, 2010, p.5; Simsek, 2010, p. 193). All 

activities are carried out in inquiry-based learning is not only to contribute in improving 

the skills and attitudes (Ergul et al. 2011, p.48), but also it can improve the cognitive 

learning (Asyhari, 2014, p.73), critical thinking (Shaheen et al. 2015, p.382), interest and 

motivation (Avsec & Kocijancic, 2014, p.1436, Purwanto, et.al.2013; Ramdani, 2012), can 

help learners achieve learning objectives (Nuangchalerm, 2014, p.69), and can increase 

learners' confidence in the ability of scientific (Brickman, 2009, p.1).  

Inquiry learning is divided into 6 levels, that is level 0 to level 5 which provide a 

quantitative value and clearly show the role of students and teachers in the learning process 

(Sutman, 2008, p.38). The division of inquiry based on the level intended to enable students 

to learn the process of discovery, starting from the lowest level and then continues to the 

highest level based on the teacher’s roles and student’s roles. The higher the level of 

inquiry, the greater the role of students in learning, otherwise the lower the level of inquiry, 

the greater the teacher in learning. 

Learning with the level of inquiry has stages: inquiry, methods, investigation, 

conclusions, and applications that the all of stage have different teacher’s roles and 

student’s roles according to their level of inquiry. This can be seen in Table 1 the level of 

inquiry instructional matrix. 

Table 1 The level of Inquiry Instructional Matrix 

 

Levels 

of 

Inquiry 

 

Pre-Laboratory 

Experience 

Laboratory 

Experience 

Post-Laboratory 

Experience 

 

Proposes 

Problem 

or issue to 

be 

explored 

Plant 

procedure 

to be used 

to explore 

Carries out 

procedures, 

collects and 

analyzes data 

from 

observations 

Supplies 

answers or 

conclusions 

related to 

the inquiry 

Considers how 

the discoveries 

can be applied 

or can lead to 

other inquiries 

0 Teacher Teacher Teacher Teacher Teacher 

1 Teacher Teacher Teacher Teacher Students 

2 Teacher Teacher Teacher Students Students 

3 Teacher Teacher Students Students Students 

4 Teacher Students Students Students Students 

5 Students Student Students Students Students 

(Sutman, Schmuckler & Joyce, 2008, p.38) 

Differences in the teacher’s roles and student’s roles in implementing inquiry-

based learning activity level provide opportunities for students to be able to adjust the 
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knowledge and experience of science by learning to be followed. students will be able to 

follow the learning activities properly if the level of inquiry are applied in accordance with 

the student’s capabilities. Research conducted Moyer (2012) shows that when the 7th grade 

students are given lessons at the level of inquiry that is higher than its ability, the quality 

of the entire work and the student's ability to complete the task decreased. Students more 

successful with teaching at the inquiry level 2 and inquiry level 3. Implementation of 

inquiry learning that is not in accordance with the level of students' abilities resulting in 

less successful learning objectives, This is as happened in Sayekti (2012) and Zhai, et.al. 

(2014) research which have received the results of that inquiry learning was not entirely 

successful in improving the cognitive learning outcomes and process skills. 

The observations and interviews that have been conducted in SMA Negeri 1 

Sleman found that teachers who teach physics has been implementing inquiry learning in 

the learning process. The teacher said that the inquiry learning is often done inquiry 

learning of level 2 (ILL-2). However, there are students who are not interested in the 

learning process ongoing. The Exam Results which was held at SMAN 1 Sleman for 

subjects Physics class X has not reached the minimum completeness criteria. , This 

indicates that students have not been able to follow the inquiry learning correctly. Teachers 

need to understand that the inquiry learning has several levels that are tailored to the level 

of understanding of students and the need to examine how teachers teach inquiry so that 

the inquiry learning can work well and cognitive student learning outcomes can be 

improved. 

Cognitive learning outcomes is a description of the ability to apply the concepts to 

be able to solve problems in everyday. This capability is often referred to as the ability to 

use knowledge in a variety of situations in context (Subali, 2012, p.33). Dimensions of 

cognitive processes revised consists of six aspects: remembering (C1), understanding (C2), 

applying (C3), analyzing (C4), evaluating (C5), and creating (C6) (Anderson & Krathwohl, 

2001, pp.67-68). 

Student’s process skills of in high school N-1 Sleman also not been assessed 

specifically by teachers. In fact science process skills is central to the acquisition of 

scientific knowledge useful in problems solving in society (Abungu, 2014, p.359). Science 

process skills is the ability of students to implementation scientific methods to understand, 

develop and discover science (Semiawan, 1989, p.17; Akinbobola & Afolabi, 2010, p.234; 

Dorish, 1998, p.52). Process Skills can support  of students' thinking, reasoning, 

investigation, evaluation, and problem solving skills and creativity (Özgelen, 2012, p.291), 

as supporters of other cognitive skills such as logical thinking, reasoning and problem 
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solving skills (Abd Rauf, 2013, p.54), process skills essential for meaningful learning 

(Karamustafaoğlu 2011, p.33). Process skills help students so that they can feel the direct 

experience with objects and events around them (Osman, 2012, p.6). Process skills is 

important for students to gain knowledge based on the scientific process. Therefore, during 

the learning of physics, process skills need to be assessed by the teacher, so students and 

teachers can customize the learning and then gradually increase the ability of students to a 

higher level. 

Teacher’s Knowledge on the level of inquiry which is owned by the students very 

important , so that physics learning should be taught to implementation of  inquiry learning 

will not be a problem anymore. Students can be familiarized with the inquiry learning in 

stages based on the level, not directly given inquiry learning at the highest level which 

usually gives failures in the process. Inquiry learning has several levels, so that teachers 

can build a scientific investigation with different levels of guidance so that every student 

has the opportunity to choose the level that suits their learning style (Llewellyn, 2011, 

p.29). This study will use several levels of inquiry on the students to see which is more in 

line with their ability to improve cognitive learning outcomes and process skills. 

Teacher’s Knowledge on the level of inquiry which is owned by the students very 

important , so that physics learning should be taught to implementation of  inquiry learning 

will not be a problem anymore. Students can be familiarized with the inquiry learning in 

stages based on the level, not directly given inquiry learning at the highest level which 

usually gives failures in the process. Inquiry learning has several levels, so that teachers 

can build a scientific investigation with different levels of guidance so that every student 

has the opportunity to choose the level that suits their learning style (Llewellyn, 2011, 

p.29). This study will use several levels of inquiry on the students to see which is more in 

line with their ability to improve cognitive learning outcomes and process skills.The 

problems that can be formulated is whether there are differences in the effectiveness of 

inquiry learning level 2 (ILL-2), inquiry learning of level 3 (ILL-3), and inquiry learning 

of level 4 (ILL-4) in improving the cognitive learning outcome and the process skills of 

year X students of  SMA Negeri 1 Sleman. 

 

RESEARCH METHOD 

The research involved  quasi experimental research using the pretest-posttest non-

equivalent  control group design (Wiersma,1986, p.169). The design used is given in Table 

2. 

Table 2 
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Research Design 

 

Groups Pre-test Treatment Post-test 

Control 

O1 

X1 

O2 Experiment 1 X2 

Experiment 2 X3 

 

The population comprised year X students of SMA Negeri 1 Sleman in their second 

semester of the academic year of 2014/ 2015. A sample of three classes was established 

using the cluster random sampling technique. The three classes were assigned as an 

experimental class 1, experimental class 2, and control class. While the students of the 

experimental class 1 were taught using the inquiry learning of level 3 (ILL-3), the students 

of experimental class 2 were taught using the inquiry learning of level 4 (ILL-4) and the 

students of the control class were taught using inquiry learning of level 2 (ILL-2). 

The data were collected through observation and testing. The multiple choice test 

was used to know the cognitive learning outcome of the students in the lesson about static 

fluid before and after the treatment. The test include 20 item. The reliability coefficient was 

estimated 0,75. The essay test was used to know process skills of the students in the lesson 

about static fluid before and after the treatment. The test include 6 item. The reliability 

coefficient was estimated 0,72.The aspects of process skills were making observations, 

formulating hypotheses, interpreting the data, drawing conclusions, and communicating. 

Data obtained via the instruments mentioned above were analysed with SPSS 20.0. The 

Mean and gain of test scores were calculated. it was observed that the scores are distributed 

normal and homogeneous. Furthermore, MANOVA (Multivariate Analysis of Variance)  

test used to determine significant differences between the results  gain of ILL-2, ILL-3 and 

ILL-4. The gain is obtained using the equation: 

g
premaks

prepost

ss

ss




  

g is the gain normalized scores, posts  is posttest scores, pres is pretest scores. Criteria of  

gain can be seen in Table 2. 

Table 2. Criteria of gain 

 

Gain Criteria 

 > 0.7 High 

0.3 ≤ ≥ 0.7 Middle 

 < 0.3 Low 

(Hake, 1998, p.65) 

After finding out that there are differences in effectiveness ILL-2, ILL-3 and ILL-4  in 

improving cognitive learning outcomes and process skills, The next is to conduct post hoc 
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test. Post hoc test is used to find out more detail about the different groups significantly 

and groups did not differ significantly at each pair multivariate. 

RESULT AND DISCUSSION 

Result 

Picture 1 and Picture 2 shows pretest and posttest mean scores for experimental 

group 1  (ILL-3) , experimental group 2 (ILL-4)  and control group (ILL-2). 

 

Figure 1. Comparison mean scores of pretest and posttest of cognitif learning outcomes 

 
Figure 2. Comparison mean scores of pretest and posttest of process skills 

 

Figure 1 shows an increase in cognitive learning outcomes after given ILL-2, ILL-

3, and ILL-4. This indicates that the inquiry learning is effective in improving the cognitive 

learning outcome,  although the mean scores pretest and posttest cognitive learning 

outcomes ILL-3 higher than ILL-2 and ILL-4. The results are consistent with the results of 

research conducted by Saputra et al. (2012, p.44) and Yunus et.al (2012, p.48) which has 

stated that the inquiry learning can improve student learning outcomes. 

Figure 2 shows an increase in process skills after given ILL-2, ILL-3, and ILL-4. 

This indicates that the inquiry learning is effective in improving the process skills, although 

the mean scores pretest and posttest process skills ILL-3 higher than ILL-2 and ILL-4. 
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Research conducted Blessing (2014, p.51) showed that  inquiry effective to cultivate 

student’s process skills. This is because in the process of inquiry learning emphasis on 

meaningful learning, in which students actively participate in learning activities and can do 

scientific activity in defining the concept being studied. 

Table 3. The gain calculation result 

 

ILL-2 ILL-3 ILL-4 

N-Gain N-Gain N-Gain 

Cognitive PS Cognitive PS Cognitive PS 

0,34 0,58 0,57 0,62 0,41 0,35 

 

Table 4. Multiple of Variance (MANOVA) of gain scores 

 

Effect F sig. Description 

 

Wilks' Lambda 

 

26,36 

 

0,00 

There was 

difference 

significant 

 

Table 3 shows that the gain of the cognitive learning outcome ILL-3 (0.57) is 

greater than the gain ILL-4 (0.41) and gain ILL-4 (0.41) is greater than the gain ILL-2 (0.34 

). The gain of the process skills ILL-3 (0.62) is greater than the gain ILL-2 (0.58) and gain 

ILL-2 (0.58) is greater than the gain ILL-4 (0.345). 

Table 4 shows that the significance value obtained from MANOVA test was 0.00 

and worth less than α = 0.05 thus obtained a decision that Ho is rejected, it can be concluded 

that there are significant differences in effectiveness between inquiry learning of level 2 

(ILL-2), inquiry learning of level 3 (ILL-3), and inquiry learning of level 4 (ILL-4). 

MANOVA test analysis showed that there were significant differences in 

effectiveness between ILL-2, ILL-3, and ILL-4 (p <0.05) in improving cognitive learning 

outcomes and process skills. Since there was significant difference between the means of 

the group, it was  necessary to carry out post-hoc comparisons test of gain mean to establish 

where the differences occured. The test were carried out using Tukey HSD procedure at 

p<0,05 level. 

 

 

Table 5. Post-Hoc Comparison of the Gain Means for the three Groups 

 

Dependent 

variable 

(I) 

Inquiry Level 

(J) 

Inquiry Level 

Mean 

Difference     

(I-J) 

Sig. 

Cognitive 

Learning 

2 3 -0,2259* 0,000 

4 -0,0644 0,441 
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Outcomes 3 2 0,2259* 0,000 

4 0,1615* 0,010 

4 2 0,0644 0,441 

3 -0,1615* 0,010 

Process  

Skills 

2 3 -0,0397 0,697 

4 0,2248* 0,000 

3 2 0,0397 0,697 

4 0,2644* 0,000 

4 2 -0,2248* 0,000 

3 -0,2644* 0,000 

 

Table 5 shows the results of the Tukey HSD Post-Hoc as follows: (1) there are 

significant differences between the ILL-2 and ILL-3 in improving the cognitive learning 

outcomes but there are no significant differences between the ILL-2 and ILL-3  in 

improving the process skills; (2) there were no significant differences between the ILL-2 

and ILL-4 in improving cognitive learning outcomes, but there are significant differences 

between the ILL-2 and ILL-4 in improving the process skills, (3) ) There are significant 

differences between ILL-3 and ILL-4  in improving the cognitive learning outcomes and 

process skills. 

Discussion 

The  effectiveness of ILL-2, ILL-3, and ILL-4 on the cognitive learning outcomes 

and process skills of the students in class X SMA Negeri 1 Sleman, can be seen from the 

results of the descriptive analysis. The results showed that the mean of cognitive learning 

outcomes and process skills increased after given ILL-2, ILL-3 and ILL-4. It is consistent 

with the results of research conducted by Saputra et al. (2012, p. 44), and Yunus et al. (2012, 

p.48) which has stated that the inquiry learning can improve student learning outcomes. In 

addition, Blessing (2014, p. 51) suggests that inquiry effective to fosters process skills of 

students. This is because in the process of inquiry learning emphasis on meaningful 

learning, in which students actively participate in learning activities and can do scientific 

activity in defining the concept being studied. 

Students in inquiry learning through direct experience, they ask questions and find 

answers to their own questions of the data / facts. It is as expressed by Fang (2010, p. 3) 

which has stated that through inquiry learners learn to use scientific knowledge, processes, 

thinking and reasoning skills that are important in making and discuss their questions. This 

is why the knowledge of students which followed the inquiry learning will be durable and 

hard to forget. In addition, through the stages of inquiry learning, students become trained 

in doing scientific work so that students can improve process skills. 
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Differences in effectiveness that occurred on ILL-2, ILL-3, and ILL-4 on 

hypothesis testing occurs due to the different roles of teachers and students during the 

learning process, as described below: First, there are significant differences between the 

ILL-2 and ILL-3 in improving cognitive learning outcomes but there are no significant 

differences between the ILL-2 and ILL-3 in improving the process skills. In the ILL-3, 

students are directed to begin an independent in performing activities without a 

demonstration of teachers as in the ILL-2, so that students are more active in constructing 

their knowledge with their own thoughts. 

Second, there are no significant differences between the ILL-2 and ILL-4 in 

improving cognitive learning outcomes, but there are significant differences between the 

ILL-2 and ILL-4 in improving the process skills. In the ILL-4, students have not been able 

to follow the learning well, because in the ILL-4 students are required to be independent in 

carrying out activities to create independent investigation procedures with the teacher's role 

slightly. Students are still not accustomed to entering the inquiry level higher than the level 

of inquiry that they typically have done. 

Third, there are significant differences between the ILL-3 and ILL-4 in improving 

cognitive learning outcomes and process skills. In the ILL-3 and ILL-4 students have begun 

accustomed to independent in conducting investigations. It makes students have 

meaningful learning, but students in the ILL-4 are required to be more independent than 

ILL-3. Students can not follow the learning     ILL-4, because the good inquiry learning 

can only be given to students in sequence starting from the lowest level to the highest level, 

during this learning students still switch from the ILL-2 to the ILL-3. 

CONCLUSION AND SUGGESTION 

Conclusion 

From the result and discussion, it can be concluded that: First, there are significant 

differences in effectiveness among inquiry learnings of level 2 (ILL-2), level 3 (ILL-3), 

and level 4 (ILL-4) on the cognitive learning outcomes and the process skills of year X 

students of SMA Negeri 1 Sleman. Second, Learning inquiry of level 3 (ILL-3) is more 

effective than inquiry learning of level 2 (ILL-2) and inquiry learning of level 4 (ILL-4) in 

improving the cognitive learning outcome and process skills seen from the value of the 

gain. 

Suggestion 

Based of finding obtained, suggestion that can be given are: First, teachers can 

implementation  inquiry learning at a level appropriate to their ability and level of 

experience of the students of science in improving the cognitive learning outcomes and 
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process skills for later upgraded to the next level. Second, to other researchers to expand 

the material and the variables used in the study, including covariates variables have an 

influence on the results of research. 

ACKNOWLEDGMENT 

The author hereby acknowledges several valuabel contributions by Mrs. Dwi Puji 

Astuti, a physics teacher at SMA Negeri 1 in Sleman. 

REFERENCES 

Abd Rauf, R.A., Rasul, M.S., Mansor, A.N., Othman, Z., & Lyndon. (2013). Inculcation of 

Science Process Skills in a Science Classroom. Journal Asian Social Science, 9(8), 

47-57. 

Abungu, H. E., Mark 1.O., & Samuel, W. (2014). The Effect of Science Process Skills 

Teaching Approach on Secondary School Students; Achievement in Chemistry in 

Nyando District, Kenya. Journal of Education and Social Research, 4 (6), 559-

371.  

Akinbobola & Afolabi. (2010). Analysis of Science Process Skills in West African Senior 

Secondary School Certificate Physics Practical Examinations in Nigeria. 

American-Eurasian Journal of Scientific Research, 5 (4), 234-240. 

Anderson,L.W., &Krathwohl, D. (Ed.). (2001). A taxonomy for learning,teaching and 

assesing: a revision of Bloom’s taxonomy of education objectives. New York: 

Addison Wesley Longman. 

Asyhari, A., Widha, S., & Sarwono. (2014). Pengembangan Perangkat Pembelajaran Fisika 

SMA Berbasis Inkuiri Terbimbing Terintegrasi Pendidikan Karakter. Jurnal 

Inkuiri, 3(1), 62-75.  

Avsec, S., & Kocijancic, S. (2014). Effectiveness of Inquiry-Based Learning: How do 

Middle School Students Learn to Maximise the Efficacy a Water Turbine?.  

International Journal of Engineering Education, 30(6A)), 1436-1449. 

Blessing, I.A. (2014). Effects Of Inquiry Strategy On Students’ Science Process Skills In 

Selected Abstract Concepts In Biology. Journal of Education and Policy 

Review,6(1), 42-54. 

Brickman, P., Gormally, C., Armstrong, N., & Hallar, B. (2009). Effects of Inquiry-based 

Learning on Students’ Science Literacy Skills and Confidence. International 

Journal for the Scholarship of Teaching and Learning, 3(2), 1-21. 

Ergul, Remziye., Simsekly, Y., Calis, S., Ozdilek, Z., & Sanli, M. (2011). The Effects of 

Inquiry-Based Science Teaching On Elementary School Students’ Science Process 

Skills And Science Attitudes. Bulgarian Journal of Science and Education Policy 

(BJSEP), 5(1), 48-68.  

Fang, Z., Linda., & Ros, M. (2010). Language and Literacy In Inquiry-Based Science. 

California: Corwin. 

Glasgow, N.A., Michel,  & Yeririck. (2011). What Successful Science Teacher Do: 75 

Research-Based-Strategies. Thousand Oaks: Corwin. 

Hake, R. (1998). Interactive-Engagement Versus Traditional Methods: A Six- Thousand-

Student Survey of Mechanics Test Data for Introductory Physics Courses. 

American Journal Physics, 66(1), 64-74 

Jauhar, M. (2011). Implementasi PAIKEM dari Behavioristik sampai Konstruktivistik. 

Jakarta: Prestasi Pustaka. 

Karamustafaoğlu, S. (2011). Improving the Science Process Skills Ability of Science 

Student Teachers Using I Diagrams. Eurasian Journal of Physics and Chemistry 

Education, 3(1), 26-38. 

Liliawati, W., Purwanto., Ramlan, T., & Hidayat, R. (2014). Analisis Kemampuan Inkuiri 



 

509 
 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

Siswa SMP, SMA, dan SMK dalam Penerapan Levels of Inquiry pada Pembelajaran 

Fisika. Berkala Fisika Indonesia, 6(2), 34-39.  

Llewellyn, D. (2011). Differrntiated Science Inquiry. California: Corwin. 

Meador, G. (2010). Inquiry Physics: A Modified Learning Cycle Curriculum. Retrivieved 

from http://www.bps.ok.org/physics/inquiry/intro.pdf 

Moyer, R.A. (2012). Evaluating  Different  Levels of Inquiry in The Science Classroom. 

Thesis master, Montana State University, Montana. Retrivieved from 

http://scholarworks.montana.edu/xmlui/bitstream/handle/1/1909/MoyerR0812.pd

f 

Mundilarto. (2010). Penilaian hasil belajar fisika.Yogyakarta: Pusat Pengembangan 

Instruksional (P2IS). 

Nuangchalem, P. (2014). Inquiry-based Learning in China: Lesson learned for School 

Science Practices. Asian Sosial Science, 10(13), 64-71. 

Osman, K. (2012). Primary Science: Knowing about the World through Science Process 

Skills. Asian Social Science, 8(16), 1-7. 

Özgelen, S. (2012). Student’s Science Process Skills within a Cognitive Domain 

Framework. Eurasia Journal of Mathematics, Science  & Technology Education, 

8(4), 283-292. 

Saputra, A., Sri, W., & Slamet, S. (2012). Peningkatan Keterampilan Proses Sains dan Hasil 

Belajar Siswa melalui Penerapan Strategi Guided Inquiry di SMP Negeri 5 

Surakarta Kelas VIII F Tahun Pelajaran 2011/ 2012. Bio Pedagogi, 1(1), 36-45. 

Sayekti, I.C., Suwanto, & Suparmi. (2012). Pembelajaran IPA Menggunakan Pendekatan 

Inkuiri Terbimbing Melalui Metode Eksperimen dan Demonstrasi Ditinjau dari 

Kemampuan Analisis dan Sikap Ilmiah Siswa. Jurnal Inkuiri, 1(2), 142-153. 

Semiawan, C., Tangyong, A.F., Belen, S., Matahelemual, Y., & Suseloardjo, W. (1989). 

Pendekatan Keterampilan Proses: bagaimana Mengaktifkan Siswa dalam Belajar. 

Jakarta:  PT. Gramedia. 

Shaheen, N., Alam, T., Mushtaq, M., & Bukhari, M.A. (2015). Effects of Inquiry Based 

Learning on the Performance of students’ At Elementary Level in Rawalpindi City:  

An Experimental Study. Academic Research International, 6(2), 382-397. 

Simsek, P., & Filiz, K. (2010). The effects of Inquiry Based Learning on Elementary 

Students’Conceptual Understanding of Matter, Scientific Process Skills and 

Science Attitude. Procedia Social and Behavioural Science. 2 (1). 1190-1194. 

Subali, B. (2012). Prinsip Assesmen & Evaluasi Pembelajaran. Yogyakarta: UNY Press. 

Sutman, J., Schmuchler, J.S., & Joyce D.W. (2008). The Science Quest: Using Inquiry/ 

Discoery to Enchange Student Learning. New Jersey: Jossey-Bass. 

Yunus, S. R., Sanjaya., & Jatmiko. (2013).Implementasi Pembelajaran Fisika Berbasis 

GuidedInquiry Untuk Meningkatkan Hasil Belajar Siswa Auditorik. Jurnal 

Pendidikan IPA Indonesia, 2 (1), 48-52. 

Zhai, J., Jennifer, Ann., &Aik-Ling, Tan. (2013). Am I Like a Scientist?; Primary children’s 

images of doing science in school. International Journal of Science Education, 

3(4), 553-576. 

 

 

 

 

 

 

 

 

 

 



 

510 
 

Proceeding of International Seminar on Science Education 

Yogyakarta State University, October 31st 2015 

ANDROID-BASED COLLOIDS SYSTEMS INSTRUCTIONAL MEDIA: 

MULTIPLICITIES OF PLACE 

 

Yogo D. Prasetyo1)*, Resti Yektiyastuti1), Irwanto1), Jaslin Ikhsan2), Kristian H. 

Sugiyarto2) 
 

1) Pendidikan Sains Program Pascasarjana Universitas Negeri Yogyakarta 

2) Pendidikan Kimia, FMIPA Universitas Negeri Yogyakarta 

*email: prastyogo@gmail.com, jaslinikhsan@gmail.com 
 

Abstract 

 This study aims are (1) to develop android-based chemistry instructional 

media on the colloids system material for high school students and (2) to 

determine the feasibility of the media developed. This study is research and 

development that adapted  Borg & Gall and Dick & Carey models modified into 

four steps: preliminary study, curriculum study, product development, and 

evaluation.  Media validated by materials experts, media experts, peer reviewers, 

and high school chemistry teacher, and tested to high school students. Data 

collection was done by the media assessment instruments. The results showed 

that (1) chemistry learning media was successfully developed using adobe flash 

professional cs 6 and can be run on Android devices; (2) the media were 

appropriate for learning based on assessment of material aspects and media 

aspects in the Very Good category, and the test results of students also showed 

that the media in the Very Good category. 

 

Keyword: instructional media, colloids system, android. 

 

INTRODUCTION 

Global era indirectly requires qualified human resources for the development of 

the nation. According to UU No. 20 of 2003, qualified human resources is a well-educated 

human whose faith and fear of God Almighty, noble, healthy, knowledgeable, capable, 

creative, independent, and become citizens of a democratic and responsible. Cooperation 

between governments, teachers, and parents of students were required to support the 

government's efforts in improving the quality of education in Indonesia through effective 

learning. Learning is the focus of this research is the chemistry learning SMA / MA. 

In general, the chemistry learning in high school was done by expository method, 

demonstration, and practical. Expository method is a way of teaching by giving 

explanations and examples of questions to the students using teaching materials like text 

books or modules. This method is not quite optimal to used because students will quickly 

get bored and students tend to be passive. Demonstrations and practical methods try to 

involve students actively in learning, but in reality this method is less efficient in the use of 

time, learning is still a group compared to independent learning, and can be used in few 

subjects/matter. Ineffectiveness election learning method will lead to the motivation and 
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the learning outcomes of students is less than optimal. 

Observations and interviews conducted in SMAN 1 Banguntapan in teaching and 

learning activities in the classroom showed that: (1) transfer of materials that was done by 

teacher was less varied (only the expository method and using textbooks) and (2) the 

utilization of instructional media was limited to the presentation slides only and it rarely 

used teachers in learning. This resulted in less than the maximum learning and impact on 

learning motivation and cognitive learning outcomes in chemistry also less than the 

maximum. 

The development of Information and Communication Technology (ICT) can be 

used to make chemistry learning to be interesting and provide a positive impact on 

motivation and learning outcomes of students (Chuang, 2014, p. 1969). ICT development 

is supporting the implementation of PP No. 32 of 2013 article 19 paragraph (1) states that 

the learning activities in the educational unit organized in an interactive, inspiring, fun, 

challenging, and motivating learners. Instructional media include interactive learning 

media, e-Learning, or software that can run on mobile devices. 

Now, ICT developments have expanded on mobile devices. The development of 

mobile devices have not been widely used as instructional media yet. Whereas if the mobile 

device can be used as instructional media, the students can learn anytime and anywhere 

with an interesting application (Squire, 2009, p. 70 & Meister, 2011, p. 28). Instructional 

media that developed in this type of device has the potential to help improve cognitive 

learning outcomes of students (Chuang & Chen, 2007, p. 27) and the motivation of learners 

(Hess, 2014, p. 35). 

In this study has been developed mobile-based instructionalmedia with operating 

system of Android. Selection of the Android operating system because the current operating 

system Android is the operating system's most popular and widely used by the public, 

especially students. Android development in Indonesia until June 2015 to reach 65.9%. 

(StatCounter, 2015). Selected material in the media that are developed is colloid chemistry. 

Chemical materials containing concepts are quite difficult to understand by students 

because it involves chemical reactions and calculations, and involves abstract concepts and 

microscopic (Sunyono et al., 2009, p. 9). The key to success in learning chemistry requires 

a good understanding rather than memorization (Bunce, 2009, p. 674). Colloid chemistry 

contains reactions and concepts that are abstract and makes students feel bored in studying. 

This is evidenced by mastery of the material in the colloids system of national examinations 

in 2013 only reached 76.14% (Puspendik, 2013). 

This Research and development aims are to developing android-based chemistry 
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instructional media on colloids systems matter and test the feasibility of the media that was 

developed based on an assessment of materials expert, media experts, peer reviewers and 

high school chemistry teacher. 

 

RESEARCH METHOD 

This study is Research and Development. Research and development are used to 

produce and test the effectiveness of these products (Sugiyono, 2010, p. 407). The 

development model used in this study is adaptation and modification of the development 

model of Borg and Gall (1983, p. 589) and Dick & Carey (2005, pp. 6-7). Adaptations and 

modifications produced the four stages of development. Steps taken in this study, namely 

(1) a preliminary analysis, (2) analysis of the curriculum, (3) developing media products, 

and (4) evaluation. 

This research was done in 3 high school, namely MA Sunan Pandanaran for 

individual test, SMAN 1 Godean to small groups test, and SMAN 1 Banguntapan for field 

test. The research was conducted in May and June 2015. Subjects research consisted of  the 

subject of media validation and subject of test. Subject media validation is 1 expert matter, 

1 media expert, 5 peer reviewers, and 5 chemistry teacher of high school. Subject of 

individual test is 5 students grade XI MA Sunan Pandanaran. Subject of small group test is 

10 students of grade XI IPA SMAN 1 Godean. Subject of field test is 31 student of  grade 

XI IPA SMAN 1 Banguntapan. 

Collecting data in this study was done by using media assessment tools. This media 

assessment instrument consisting of (1) sheet media validation, (2) sheet material 

validation, (3) sheet assessment of peer reviewer and chemistry teacher, and (4) sheet 

assessment of student. Media assessment instruments was validated by expert judgment. 

Data that obtained from materials experts, media experts, peer reviewers, chemistry 

teacher, and students are quantitative data with a scale of 1-5. This data is then analyzed 

and calculated the average every aspect. Average scores compared with media quality 

criteria (Widoyoko, 2011, p. 238) as in Table 1. 

Table 1. Media Quality Convertion 

No Score Range Category 

1.  >  + 1,8 SDi Very Good 

2.   + 0,6SDi<  ≤  + 1,8 SDi Good 

3.   - 0,6SDi<  ≤  + 0,6 SDi Fair 

4.   - 1,8 SDi<  ≤  -  0,6 SDi Less 

5.  ≤   - 1,8 SDi Much Less 

 

 

RESULT AND DISCUSSION 

Research and development of android based instructional media was done by 
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adapting the model of development Borg and Gall (1983, p. 589) and Dick & Carey (2005, 

pp. 6-7). The model was adapted by grouping into four main steps, namely a preliminary 

study, curriculum analysis, product development, and product evaluation. 

Preliminary study consisted of a literature study and field surveys. Results of the 

literature study was known that the chemistry matter related to dayly life that contains the 

abstract concepts of chemistry and chemical reactions and need to be developed in 

instructional media to facilitate the understanding was colloids systems matter. The results 

of field surveys that conducted by interview and observation at SMAN 1 Banguntapan 

showed that learning chemistry was still teacher center. Learning was only done with the 

expository method, which was an explanation of matter and continued exercises. Learning 

like that made students easily bored and can result in learning outcomes and motivation to 

students are not optimal. This was evidenced by the results of the procurement of materials 

colloids system on a national exam in 2013 only reached 76.14%. 

One way to improve learning motivation and learning outcomes of students are 

using technology-based instructional media (Matsuo et al., 2008, p. 34). Use of technology-

based instructional media can also make learning more effective (Riyadi & Pardjono, 2014 

p. 176). Technology that is growing rapidly in Indonesia are android, which reached 65.9% 

of the total smartphone operating system in Indonesia at the end of June 2015 (StatCounter, 

2015). Therefore, the development of Android-based learning media is very promising. 

The development of chemistry instructional media was adapted to high school 

chemistry curriculum. In accordance with the high school chemistry curriculum colloids 

system matter is given to high school students of grade XI semester 2 with Competency 

Standards (SK) 5. Explain properties and systems of colloids and their application in daily 

life, and Basic Competency (KD) 5.1. Makes a variety of colloids systems with materials 

in the vicinity and 5.2. Grouping properties of colloids and their application in daily life. 

Based on this SKKD determined the indicators in the development of instructional media. 

Chemistry instructional media product development was done by making a 

flowchart and storyboard first. The aim of making flowchart was in order to result of media 

has an easy to use navigation groove in operation, while the making of storyboard aims to 

make some of the right frame and attractive. Producing the media using Adobe Flash 

Professional CS 6 with Action Script 3. Broadly speaking, the menu listed at the android-

based instructional media in colloids system are (1) competence menu, (2) the material 

menu, (3) the game menu, and (4) the developer profile menu. The main menu display can 

be seen in Figure 1. 
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Figure 1. Main Menu Display 

The initial product that has been developed further evaluated. Product evaluation 

is intended to assess or validate the initial product developed media. Validation and 

assessment carried out by materials expert  and media experts. Then proceed assessment 

by peer reviewer and high school chemistry teacher. Product assessment was done by using 

the media assessment instruments that have been validated by a validator instruments 

(expert judgement). Media products that have been validated, then tested the students in 

the scale of individual, small group, and field test. 

  

Evaluation and Assessment of Materials Aspects 

Evaluation and assessment of the material aspects of the developed instructional 

media was dine by experts, peer reviewers, and hhigh school chemistry teacher. Aspects 

assessed include learning aspects and matter aspects. Results of assessment of learning 

materials can be seen in Table 2. 

Table 2. Results Assessment of Learning Materials Aspects 

N

o 
Aspects 

Materi

al 

Expert 

Peer Reviewer  Chemistry Teacher 
Max. 

Score I II III IV V  I II III IV V 

1. Learning 25 
2

3 
22 23 24 21  24 23 24 24 21 25 

2. Matter 44 
3

7 
41 40 42 41  41 42 41 43 39 45 

Total 69 
6

0 
63 63 66 62  65 65 65 67 60 70 

Average 64 70 

Category Very Good (SB)  

 

Based on the assessment of materials expert, peer reviewers, and chemistry teacher 

obtained an average score overall on the materials aspects of learning, namely 64 

(maximum score of 70). The conversion result the average score indicates that the media is 

included in the value range A with very good category (SB). 
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Figure 2. Assessment of Learning Materials Diagram 

Thus, the android based chemistry instructional media products on colloids matter 

was feasible to be tested because it has a very good category of learning materials aspects. 

The percentage of the final value of the materials aspects on the learning aspect and the 

matter aspect seen in Figure 2. Percentage of assessment material aspects in Figure 2 

showed that the assessment of materials experts, peer reviewers, and chemistry teacher is 

above 84%, with details learning aspects get average  percentage of  94.7% and a matters 

aspect get the average percentage of 92.6%. It showed aspects of the material included in 

the very good category (SB). 

Evaluation and assessment material aspects are also in the form of comments and 

suggestions for revision of the media so that the media produced valid for the material 

aspects. Comments and suggestions given by the materials expert, peer reviewers, and 

chemistry teacher. Comments, suggestions and the revised result of media in material 

aspects described as follows. 

The addition explanation dispersed phase and the dispersing medium. This is to 

facilitate students to understand the difference phases in colloidal systems. Results of the 

revision can be seen in Figure 3. 

 
Figure 3. Additioan of Explanation of The Dispersed Phase and dispersant Medium 

Revisions in less precise writing. Improvements to the writing error is so that 

studentss are not confused to understand the material presented in the media. Results of the 

revision can be seen in Figure 4. 
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Figure 4. Repair Writing Less Right 

 

The addition of the sample questions related and experienced students. Suggested 

improvements are intended to make the students can apply the knowledge of chemistry that 

gained in daily life. Results of the revision can be seen in Figure 5. 

 
Figure 5. Addition Example Colloidal Events in the Life 

Evaluation and Assessment of Media Aspects 

Instructional media assessment was conducted by media experts, peer reviewers, 

and Chemistry teacher. Aspects considered in this regard include audio-visual aspects and 

software engineering aspects. Instructional media assessment results can be seen in Table 

3. 

Table 3. Results Assessment of Instructional Media Aspects 

N

o 
Aspect 

Media 

Exper

t 

Peer Reviewer  Chemistry Teacher 
Max. 

Score I II III IV V  I II 
II

I 
IV V 

1. 
Audio 

Visual 
48 51 50 50 49 47  53 49 49 51 47 55 

2. 

Software 

engineerin

g 

24 22 23 22 24 23  25 24 24 24 21 25 

Total 72 73 73 72 73 70  78 73 73 75 68 80 

Average 72,73 80 

Category Very Good (SB)  

The average score of all aspects of instructional media based assessments of media 

expert, peer reviewers, and chemistry teacher was 72.73 (maximum score of 80). These 
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scores are in the range of values A with very good category (SB). These results indicate 

that the android based chemistry instructional media product on colloids systems was 

feasible to be tested because it has a very good category of instructional media aspects. The 

percentage of the final score of Instructional media in the audio visual and software 

engineering aspects can be seen in Figure 6. 

 
Figure 6. Assessment of Instructional Media Diagram 

 

Figure 6 showed that aspects of the media, both visual audio display and software 

engineering to get the average percentage of more than 84%, which is 89.21% and 93.87%. 

It showed that aspects of media included in the very good (SB) category. 

Evaluation and assessment of media aspect also in the form of comments and 

suggestions for revision of the media. Comments and suggestions aspect of media is 

intended to produce a display of media interest. Comments, suggestions, and the revised 

aspects of the media described as follows. 

Revised by eliminating the blur effect on the text button. Omission of this blur 

effect in order to display the button text readable by the user. Results of the revision can be 

seen in Figure 7. 

 

Figure 7. Revised Blur Effect on Text Button 

 

Revision of the blend color with animated buttons are made softer. Animated 

buttons are made softer so that the colors can be solid and comfortable to be seen. Results 

of the revision can be seen in Figure 8. 
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Figure 8. Revised Button Animation 

 

Improvements to the movement of the smoke on the funnel Cottrel animation. 

Animated movement of smoke still broken is made more smooth and comfortable to be 

seen. Results of the revision can be seen in Figure 9. 

 
Figure 9. Revised Animation Smoke  

 

Revisions to the addition of media usage instructions at every level of the game. 

Addition of instructions every level of the game is to allow users in the use of instructional 

media. Results of the revision can be seen in Figure 10. 

 

 
Figure 10. Adding Instructions Every Level 

Evaluation and Assessment Testing Products 

Evaluation and assessment of media products in the test phase includes three 

activities, namely individual test, small groups test, and field test. Aspects assessed include 

learning and matter aspects and display and operational aspects of the media. Results of the 

assessment at this stage of the trial/test to students can be seen in Table 4. 
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Table 4. Assessment Media Result of Test Phase 

No Aspect 
Average of Test 

Max Score 
Individual Small Group Field 

1. 
Learning and 

Matter 
23,4 22,9 22,094 25 

2. 
Display and 

Operational 
45,2 44 42,2 50 

Total 68.6 66.9 64.294 75 

Average 66,598 75 

Category Very Good (SB)  

 

Media assessment results in the test phase android based instructional media 

obtained an overall average score was 66.598 (maximum of 75). These results indicate that 

the android based chemistry instructional media are in the score range of A with very good 

category (SB). Thus, based on the test results of android based chemistry instructional 

media products are feasible for use as included in the very good category (SB). 

The percentage of test assessment results and material based on learning and matter 

aspects and display and operational aspects can be seen in Figure 12. 

 
Figure 12. Media Assessment on Test Phase Diagram 

Based on Figure 12 it can be seen that the test media to the students obtained a 

percentage of more than 84% both in individual test, small group test, and field test. This 

showed that the android-based instructional media have very good (SB) quality based on 

the results of the test media. 

Characteristic of Final Product 

Android-based chemistry instructional media on colloids system that has been 

developed has characteristics, namely (1) the relevant learning material, meaning that the 

material presented in the instructional media in accordance with high school chemistry 

curriculum and according to the characteristics and needs of the students in high school. 

The relevance of these media is essential in making instructional media (Mulyanta, 2009, 

pp. 3-4), (2) clear and interesting visualization, meaning images, animation, and layout was 

made clear in the media and makes appeal students in use. This is in accordance with the 
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submitted Suki & Suki (2007, p. 355) that the mobile media learning should have a clear 

picture and good to facilitate students in understanding the material and makes the appeal 

in the use of media, (3) flexible, meaning that media can used anywhere and anytime. This 

is consistent with the results of research Chuang & Cheng (2007, p. 27), that the digital 

learning media can facilitate students in learning anytime and anywhere and can increase 

motivation and memory students because it can be used repeatedly. Squire (2009, p. 70) 

also states that mobile learning media can be used students without being tied to time and 

place, and (4) vary of evaluation, means android based instructional media developed has 

many types of evaluation that can be used students to hone their ability in absorbing 

material colloids system. Chemical characteristics of the android-based instructional media 

can support students in improving learning outcomes and motivation to learn. It is as it was 

delivered  by Matsuo et al. (2008, p. 34) and Sakat et al. (2012, p. 874) that use the 

technology-based media can enhance learning motivation and make learning more 

attractive, interesting, and fun. The same thing also delivered by Anggraeni (2013, p. 11) 

that the use of Android-based learning media can increase the motivation of students. 

Jabbour (2013, p. 1) in the results of the research also revealed that the use of mobile 

learning can impact on improving learner outcomes. 

CONCLUSION AND SUGGESTION  

Based on the research results can be concluded: (1) android based chemistry 

instructional media on colloids systems was successfully developed using adobe flash 

professional CS 6 and can be run on android devices (2) media that have been developed 

in terms of assessment material aspects and media aspects included in the very good 

category, and the test results to students included in the very good category, so it feasible 

to use in learning. 

Product of android based chemistry instructional media on colloids systems matter 

has been assessed for feasibility, so it is advisable chemistry teacher and students can use 

it as an alternative media of learning. In addition it is necessary to develop a similar media 

with another subject matter to complement instructional media in each of the subject matter 

and also need to be developed in multiple operating systems, so the chemistry instructional 

media can be used on other operation system of devices. 
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Abstract 

 This research aims to implement the teachings of Ki Hajar Dewantara in 

Learning Science to build Scientific Attitude of Students of Primary Teacher Education. 

Scientific attitude is an attitude that must be owned by prospective teachers. The result of 

research indicates that the Students of Primary Teacher Education of Sarjanawiyata 

Tamansiswa University do not have a scientific attitude yet. This is evidenced by the 

dishonesty of students in doing examination, unscientific in writing papers, indiscipline in 

learning science and lack of curiousity in exploring the material has been learned. Based on 

those facts, it is necessary to implement the Ki Hajar Dewantara teaching in learning science 

to build Scientific Attitude of Students of Primary Teacher Education. Ki Hajar Dewantara 

teachings that can be implemented is leadership trilogy: ing ngarso sung tuladha, ing madya 

mangun karsa, tut wuri handayani. The other teaching is Among system and Tri N (niteni, 

nirokke, nambahi). 

This research uses Classroom action research method with four stages: planning, 

implementation, observation and reflection on each cycle. The result of the research shows 

that Ki Hajar Dewantara teaching can build Scientific Attitude of the Students of Primary 

Teacher Education of Sarjanawiyata Tamansiswa University, Yogyakarta. By implementing 

the teachings of Ki Hajar Dewantara in learning science, the students’s honest, discipline, 

hard work, creative, independent and curious will be realized. 

 

Keywords: Ki Hajar Dewantara Teaching, Learning science, Scientific attitude, Students of 

Primary Teacher Education.  

 

 
INTRODUCTION 

Primary Teacher Education is the departmen that prepare the professional 

candidate of Primary Teacher. Called professional teacher if he already has 4 (four) 

competencies: pedagogical, personality, social and professional. Pedagogical competence 

is mastery of the material associated skill that should be owned by teacher. Personal 

competence is a skill that should be owned in terms of attitudes and behaviors that can 

make good role models to their students. Social competence is personality that should be 

owned in the social interaction with the community wherever he/she is.While professional 

competence is a personality that must be held in the fourth integration competence above. 

Personal competence can be realized if a teacher had been built long before he/she 

became a teacher. It is the function of Primary Teacher Education Departmen. In the 

process of learning, department should facilitate students in developing students 

personality. One of them is to build a scientific attitude in the process of learning science. 
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Hadiat and I Nyoman Kertiasa (1976: 9-10) suggested some scientific attitude are: (1) 

honest, (2) discipline, (3) hard work, (4) creative, (5) independent, (6) curiosity, (7) 

concerned about the environment, (8) the responsibilities, and (9) democratic. 

Results of observations have shown that the second semester students of Primary 

school Education Sarjanawiyata Tamansiswa University academic year 2014/2015 not yet 

have a scientific attitude. The results of observations in class I, J and K indicate that there 

are still many students who do not have a scientific attitude: Honestly, dishonesty students 

still do not appear in the activities of a paper to be presented. Ninety percent (90%) of the 

students paper not include them in making an accurate source material for paper making in 

terms of both material and images taken from books, the internet and other sources. 

This problems indicate that the culture of plagiarism is still flourishing among 

students. In writing papers, they just copy and paste material from various sources without 

citing sources they take and they do not provide personal thoughts of the author alone. In 

addition, students are also still carries a cheat and ask each other mutually when midterms. 

The attitude of this dishonesty if a person continues to be embedded in the nature of the 

lampat can gradually lead to a culture of corruption, manipulation of data, and a variety of 

other fatal events that cause harm to themselves and others in general. 

Hard work, hard working attitude of students in learning is also still lacking, this 

is evidenced by the lack of passion in the learning process, the tasks they are not working 

optimally and original finish, and in an effort to understand the material they have not 

understood they do not yet have sense to dig deeper and work harder in studying the 

material being studied. Creative, a creative attitude is one of the characteristics of 

successful people. By creative, we can be to survive in the future. 

Curiosity is owned by the students is still very less because when there is a question 

and answer session and a chance to dig further activities of the material students are still 

not showing curiosity well. Asked the student interest in the learning process is still very 

lacking. From the observations above, it can be concluded that the scientific attitude in the 

student life still need to be cultivated because it is very important for prospective educators 

who will be the role model for the students at the time to be a teacher someday. 

Ki Hajar Dewantara says "I'm just ordinary Indonesian people who worked for the 

Indonesian people by way of Indonesia". The problem we face is in Indonesia, so that the 

finish had to be by way of Indonesia. Indonesia is Indonesia. Not another country and not 

in neighboring countries. Indonesia is unique and certainly not the same as any other 

country. So that the means used must be appropriate to Indonesia instead of other countries. 

Tamansiswa mission is to preserve and develop the national culture of Indonesia; 
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community realize an orderly, peaceful and happy in accordance with just and prosperous 

society based on Pancasila, as well as educating the nation to sharpen creativity, taste and 

intention, towards the construction of a free man both outwardly and inwardly, noble 

character, as well as high value and dignity of humanity. (Ki, B. Boentarsono. 2012: 1-2)  

Noble character is the goal to be achieved by universities Tamansiswa. This noble 

character can be realized with a scientific attitude must be owned by the students through 

learning science. To realize these goals, it needs a great way. One of them is with the 

teachings taught by Ki Hajar Dewantara. This is in line with the objective of learning is 

done in Prodi PGSD which aims to form a professional teacher and a character who can be 

role models for the students later. 

Ki Hajar Dewantara teachings that can be implemented in learning science, among 

others: : ing ngarso sung tuladha, ing madyo mangun karso, tut wuri handanyani. 

Moreover, as an educator, we must always be able to adjust to wherever we are and in 

conditions / circumstances. The teachings teaches us to always be able to put themselves. 

Whether it's providing a good example to the students, to give spirit to always work hard 

in studying, and always pushing to obtain success. As well as other teachings are filled with 

meaning for learning. 

 From the above background, it is necessary implementation of the teachings of Ki 

Hadjar Dewantara in science teaching to improve scientific attitude PGSD student, so the 

teacher candidates can be a teacher who has a scientific attitude and the success of the 

mission of universities Tamansiswa. 

 

 

RESEARCH METHOD 

This research is Classroom Action Research. Procedures and measures of this study 

follows the basic principles that apply in the classroom action research. Action research 

design consists of four components of the cycle from planning, action, observation and 

reflection, followed by re-planning according to Figure 1. 
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Figure 1. 

Cycle of Action Research Implementation 

Stages in detail above action research can be described as follows. 

1. In the preparatory phase of the activities carried out are: (a) the initial dialog to identify 

the problem, and (b) to formulate issues for the improvement of learning 

2. The planning stage which includes: (a) establish an alternative effort to improve the 

quality of learning, (b) the determination of the learning method, (c) the drafting of the 

action.  

3. Implementation of the action. Researchers as collaborators based learning to apply the 

teachings of Ki Hajar Dewantara 

4. Observation and Monitoring. This phase is done in order to improve the process of 

learning and action planning more critical. Researchers as collaborators carry out a 

systematic observation of the student activities. 

5. Reflection is useful as an effort to strengthen the activities or actions to overcome the 

problem by modifying the previous plan in accordance with what is arising in the field. 

6. Evaluation and revision. Evaluations and revisions were made to determine the success 

or failure of the action taken. In this study, the evaluation includes evaluation of 

scientific attitude of students. Criteria for success of the action seen from the increasing 

scientific attitude of students. 

7. Conclusion results. At this stage made reporting of results as a whole. 
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This research was conducted at Primary Teacher Education Sarjanawiyata 

Tamansiswa University. The application of this method conducted on students of the 

second semester of 2014/2015 class J in teaching science subjects 1 totaling 50 students. 

Data collection techniques in this study included a questionnaire method to 

determine the scientific attitude of students, the documentation to obtain important records 

related to the problem of learning, observation to hold a recording systematically the 

behavior directly group or individual, and interviews are used to reveal data about teachings 

implementation based Ki Hajar Dewantara learning. 

Analysis of the data used in this research is descriptive analysis. This analysis 

includes the calculation of the mean value, standard deviation, and percentages. 

Furthermore, the results of each cycle described qualitatively. The process of data analysis 

started with the study, all the data available from various sources, namely from 

questionnaires, interviews, observation, field notes and other documents. Data analysis was 

conducted using qualitative data analysis which consists of three stages: data reduction, 

exposure data and drawing conclusions. 

Data reduction here is to summarize, pick things that are basic, focusing on things 

that are important are based Ki Hajar Dewantara learning to improve the scientific attitude 

of students. Drawing conclusions is the essence of the dish-making process the data that 

has been organized in the form of sentence statement and / or formula succinct but contains 

a broad sense. At the conclusion of this stage of the activities carried out is to provide 

conclusions on the interpretation and evaluation results. In this classroom action research, 

to determine the increase in the scientific attitude of students to apply the teachings of Ki 

Hajar-based learning Dewantara the necessary data in the form of data observed during the 

learning takes place and the data on a questionnaire completed student. 

 

RESULT AND DISCUSSION 

Some Ki Hajar Dewantara teaching that can be implemented in science learning 

for Primary Teacher Education students  among others: 

1. Salam dan bahagia 

 In each lesson, Among say a greeting "salam dan Bahagia " and ending with the 

finished learning "salam". It is intended that the students believe that they have the right 

to always feel safe and happy. 

2. Tri Pusat Pendidikan 

 Science learning material can not only be learned when the students were in 

class when peruliahan. Students can explore the material at the family and community 
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environment and can implement what he learned both within the family, school, or 

community. 

3. Tri Logi Kepemimpinan 

  Teacher must be implement  “ing ngarso sung tulodho, ing madyo 

mangunkarso, tut wurihandayani” while in the classroom and outside the classroom. 

4. Among System 

In performing its duties as guardian, they must be able to implement the Among 

system the: (1) educate with great affection and love for the students; (2) establish and 

foster creativity-taste-initiative students in the same breath-tune with nature-talent 

disposition of the child; (3) uphold the independent soul through concrete exemplary 

examples of his own personality. 

5. Tri N (Niteni, nirokke, nambahi)  

This doctrine needs to be invested in growing scientific attitude. By 

implementing the teachings of tri n Students can foster creative and capable of creating 

something new which can be obtained from the attention to things that already exist, to 

follow his way and then add to that the new creativity into growing. 

6. Tri Nga (Ngerti, Ngroso, Nglakoni) 
 Tri Nga teachings is implemented in learning science with the aim to allow 

students to apply the knowledge that he acquired during the course into daily life. 

Suppose a student already knows the writing of scientific papers corresponding 

scientific principles, then in the implementation, it must also apply the knowledge that 

he could previously. 

From the above explanation can be described in detail as follows:  

1. Action in Cycle 1  

 a. Planning  
  At this stage, researchers are planning science learning that comes 

from a variety of problems that have been outlined in the background. From this 

background, research planning implementation of the teachings of Ki Hajar Dewantara 

so that students can grow a scientific attitude. The planning-related strategies, materials, 

time allocation, learning scenarios.  

 b. Action  
  The implementation of Ki Hajar Dewantara teaching in science class of 

Electric Circuits material are: 

1) Lecturer greeting by “Salam dan Bahagia” to start learning science 1. “Salam dan 

Bahagia”  is intended that the student has a firmness of mind and re-establish 

their goal of learning is to obtain happiness, safety and welfare. 
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2) The process of learning in the classroom using a model of discussion, it is 

important that students feel they have a stake in the learning process. If the 

lecturer who is always speaking, students feel free to express themselves. 

3)  Students present papers that have been made in the group with the title of the 

electrical circuit. The execution of this group of papers in accordance with the 

teachings of Ki Hajar Dewantara ie family principles. By working in groups 

taught them to be understood that by working together the work will become 

increasingly lighter. But the lecturer also should examine how far their 

cooperation in working on a paper in groups by asking the contents of the papers 

individually. With so professors be know how much their cooperation in working 

groups. 

4) The lecturer also evaluate the problems that have been created by the students, 

the degree to which they avoid plagiarism, it is the implementation of the teaching 

Ing tuladha meaning ngarso sung in front to give an example. With us give an 

example of how the procedure of writing a paper right and uphold the value of 

honesty in the writing paper. Not just stop there, the teacher should monitor how 

they improve paper juah intense. This is an implementation of the teaching of 

middle Mangun ing initiative, which means in the middle of giving a boost. 

5) In the process of learning the lecturer also to encourage students to always be 

active in the learning process, both active in the process of discussion, ask 

questions, give feedback, even asking material that has not been understood by 

the students. It is an implementation of the teachings of Ki Hajar Dewantara tut 

wuri Handayani meaning and behind always encouraged. Encouraging here is not 

only in the lecture IPA, but also in other aspects such as the encouragement to 

always do good, always helping each other, and that is certainly encouraging to 

always diligent study. 

6) The lecturer also provides guidance to the students to observe the natural 

surroundings as the implementation of the material that has been taught. In this 

case the students are invited to make an electrical circuit series, parallel and 

mixed so that they can observe firsthand the differences and how to assemble a 

series of serial, parallel and mixed. This is an implementation of the teachings of 

Ki Hajar Dewantara the principle of natural nature. The principle of natural 

nature, which means that essentially the man as a creature, is one with the nature 

of nature. Human nature can not be separated from nature and would be happy if 
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it can unite themselves with the nature of nature containing these advances. 

Therefore, each individual must develop naturally.  

 c. Observation   
From the implementation of the above, lecturer observe changes in 

students, such as changes in writing papers in accordance with scientific 

principles (truthful in the information retrieval), independent in learning and 

worked hard in the manufacture of circuit implementation in everyday life. 

 d. Reflection 
Scientific attitude of honesty in writing papers and making resources already 

begun embedded. This is evidenced by the revised collected depressed individuals 

have started to include the source of the quoted material and images dimbil address 

from the internet. Creativity of students also started to sink in, this is evidenced by 

them being able to make electric circuits media series, parallel and mixed. But when 

midterms come, there are still some students who cheat in various ways such as 

bringing a cheat sheet, ask answers to friends, and a variety of other means such as 

write cheat sheet on the seat test, insert cheat on shoes, in pencil and bring mobile 

phones into the classroom. 

2. Action in Cycle 2  

a. Planning  

Planning is done in two cycles are more stressed back in the foster system 

implementation Among honest scientific attitude to the students. Is a true guardian 

who gives guidance counselor in order to gain a better insight roads. Pamong not 

the giver of punishment. Among the system so as to implement the lecturers should 

always patient awareness to students about the importance of honesty. Lecturers are 

no longer punish yet more rewarding for students who did not cheat will be given 

extra points and those who cheat will be konsekunsi approved before the exam. 

With so students also feel responsibility with consequences that have been agreed. 

b. Action  

In these cycle two, scientific attitude of students has been very visible 

peningkatanya. Starting from tingat their curiosity of the material presented to the honesty 

in carrying out the examinations. So also with the honesty of students in the final exam of 

the semester. They are no longer cheat and ask each other during the process of the exam.

  

c. Observation  
 Scientific attitude of Honest, independent, creative, discipline, hard work and 
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curiosity of the students are already reflected in the learning process of Natural Sciences I.  

d. Reflection  
Implementation of Ki Hajar Dewantara teachings to foster scientific attitude of 

students in the learning process of Natural Sciences I.  

CONCLUSION AND SUGGESTION 

 From the discussion above it can be concluded that: Implementation of the 

teachings of Ki Hajar Dewantara in study Natural Sciences to develop a scientific attitude 

of students of Primary School Teacher Education can be done with the planning, 

implementation, observation and reflection. In the first cycle of the implementation of the 

teachings of ngarso sing ing tuladha, which is integrated with the material of the electrical 

circuit with the assignment of paper making and learning media can build an attitude of 

honesty of students in making paper according to scientific principles and avoid plagiarism. 

Later implementations ing teaching associate Mangun Karso, can build a sense of students' 

curiosity in exploring the material learned in the classroom. Tut teachings wuri Handayani 

build independent attitude of students in searching out and finding the problems-problems 

faced through group discussions and inputs provided by peers. While teaching Tri N can 

build creative attitudes of students in finding new innovations in everyday life. While in 

the second cycle, with enthusiastic discussions and honesty in the process of final exams 

semesterpun increased.  

 By implement teaching: (a) salam dan bahagia; (b) Tri Pusat Pendidikan; (c) Tri 

Logi Kepemimpinan; (d) Among system; and (e) Tri N (Niteni, nirokke, nambahi) can build 

an honest attitude, discipline, hard work, creative, independent, and curious students of 

Primary School Teacher Education in science teaching 1. 

 Ki Hajar Dewantara teachings are the hallmark of which is owned by Tamansiswa 

University. Implement the teachings Tamansiswa not only an obligation officials 

Ketamansiswaan subjects but is an obligation of all the academic community in 

Tamansiswa environment. So it is the duty of all officials to implement the teachings both 

in and outside the learning process of learning. Implementation of the teachings of Ki Hajar 

Dewantara in learning Science can be used as an example of the implementation of other 

subjects and should be adjusted in advance with the materials to be delivered. 
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