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ABSTRACT 

 

This study uses quantitative descriptive methods with surveys and pretest and posttest techniques. The research subjects 

were students of class X Interest in Mathematics of Natural Sciences (MIA) 1 Islamic NU Pujon High School Malang 

with a total of 32 participants. The type of data acquisition is quantitative data. Quantitative data were obtained based 

on the results of pre-test and post-test problem-solving abilities and critical thinking. Data analysis consists of two 

parts, namely the description of the calculation of changes in critical thinking abilities. The description of the calculation 

of the total score includes the sample t-test and the Wilcoxon Match Pairs Test (critical thinking ability), the Average 

Normalized Gain Score (N Gain) calculation, and the effect size calculation. The results showed that students' critical 

thinking skills in business materials and energy had increased. N-Gain calculation results obtained 0.514 critical 
thinking skills. Effect size calculation results, 4.34 for critical thinking. This indicates that there is a positive impact on 

the implementation of problem-solving strategies aided by critical thinking multi representation. The results of coding 

indicate that the ability to think critically is at a moderate level. Some factors cause the development of critical thinking 

skills are less. First, the lack of time in practicing these abilities in learning. Secondly, the mental model of students to 

actively involve themselves in argumentation activities is still minimal. 

KEYWORDS: Critical thinking skills, Business material, and energy, Problem-solving strategies, multi-

representation. 

 

1. INTRODUCTION 

 

Physics is a science specifically studying natural phenomena that are often encountered in everyday life. The most 

common topic in the environment is mechanics. At the intermediate level, one of the topics of mechanics is effort and 

energy. The topic of business and energy at the middle-class level specifically addresses business material and business 

concept energy due to force, dot multiplication product force and displacement, energy business theorem (kinetic and 
mechanical), law energy conservation. The characteristics of business and energy material are contextual and analytical. 

In terms of context, students must be able to describe the real phenomena of the concept of the energy business. From 

an analytical perspective, students must be able to use intuitive thinking to solve physics problems.  

The concept of energy business requires a special approach and procedure in understanding it, one of which 

is through the procedure of thinking critical thinking. The ability to think critically functions as a bridge and a tool in 

solving business and energy problems. In developing the concept of critical thinking, students start with the lowest 

cognitive level, namely understanding the concepts of effort and energy, solving problems of business and energy 

concepts and analyzing problem solutions. Based on the results of the study, there are several obstacles related to the 

development of critical thinking skills at the secondary school level. Some of these obstacles include that students can 

adapt critical thinking skills in a physics learning environment [1]. In the process of development, the ability of students 

does not have the habits and learning experiences that are lacking adequate related to physical problems [2]. Physics 
problems are still limited in the form of mathematical calculations, so students have a monotonous learning pattern in 

solving physics problems [3]. Students as beginner participants require a fairly long time limit to develop critical 

thinking skills. The level of critical thinking skills students are still below average. Therefore, practice and method of 

the development of critical thinking skills need to be applied to the learning process in the classroom. The results of 

observations on Islamic high school students in Pujon, 75% of students have not been able to provide arguments related 

to solving the concept of business and energy concepts.  

After investigating that, students do not have standard consistency in supporting critical thinking skills. 

Circular consistency can be helped, one of which is in the form of multi-representation. Critical thinking skills become 

one of the main components in the achievement of learning outcomes that are essential for students, especially in 

understanding physics problems. Critical thinking is the result of evaluating some ideas or statements and concluding 

these ideas based on their thoughts [4]. In the context of critical thinking, individuals use cognitive structures in 

analyzing to be resolved, apply specific strategies to solve them, and evaluating the opinions raised [5]. Ability critical 
thinking contributes to developing abilities analysis, research skills, generating ideas, teamwork skills, and 

communication skills, modern thinking, able to regulate information on the problem [6]. Learners who have critical 

thinking skills with good categories can use independent thinking and consistency of answers to a problem that 

definitely [7]. Some activities can practice the ability to think critically through observing phenomena, conducting 

experiments, communicating, discussion and problem solving [8]. Multirepresentations have several advantages if they 

are integrated with developing critical thinking skills. First, the multi-presentation format provides in the context of 

problem-solving abilities, students have limitations in determining important information from problems [9]. This has 
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an impact on the lack of trust learners themselves in expressing ideas and finding solutions Students with weak problem-

solving ability do not have an alternative way when finding difficulties in a problem. Therefore, the teacher has an 

important role in facilitating the practice for students with a one-way learning model some research states that students 

need the help from the external environment to support thinking skills and problem-solving, also to help from internal 

thinking skills [10]. Problems that are contextual yet completely solved by students. That is because there are limited 

instructions or assistance used to represent, and solve the problem such patterns lead to student mistrust. 

 

2. METHODOLOGY 

 

This research model uses quantitative descriptive methods with surveys and pretest and posttest techniques. Another 
thing is also related to the place and time of the research. The subjects in this study were class X MIA Islamic Pujon 

High School Malang. Subject obtained by purposive sampling technique as many as 32 students in class X MIA 1. 

Students consist of 10 people of male sex and 22 people of the female. The research was conducted in the even semester 

of the academic year 2017/2018 with the topic of business and energy. The development of critical thinking skills is 

made in several rubrics. Test questions that are developed in the form of description items. The material being tested is 

the business concept, the energy business theorem and the law of conservation of energy. The instrument of adoption 

was from articles [11] and books [12-15], that were valid and reliable. The rubric of the test The ability to think critically 

physics, students can be evaluated using the stages outlined with the several indicators in table 1.1 below. 

 

Table.1.1. Rubric tests critical thinking skills 
Material Topics Indicator Item Problem 

Business concept 1) Determine the work done through the interpretation of the graph the relationship between force and displacement 

2) Show positive, negative business value through a graphic interpretation of the relationship between force and 

displacement. 

Energy Concept 3) Summarizing the truth of concepts related to potential energy and kinetic energy through table interpretation 

4) Calculate the gravitational potential energy value of objects through mass and height information 

5) Evaluate the validity of data validity of hook hooks measurement results and their relation to spring potential 

energy transfer. 

6) Implement specific strategies in solving problems related to potential energy changes into other forms 

7) Implementing specific strategies in solving problems in applying the concept of energy change in the design of 

hydropower plants 

The concept of 

the law of 

conservation of 

mechanical 

energy 

1) Summing up the truth of the concept of the law of conservation of mechanical energy based on several statements 

given 

2) Infer the truth of the concept of conservation of total mechanical energy through a graphical interpretation of the 

relationship of potential and kinetic energy 

3) Summing up the truth of the concept of the law of conservation of mechanical energy based on several statements 

given 

Rubric tests critical thinking skills 

 

Here is the guidance for scoring critical thinking skills 

 

Table 1.2 Description of Coding the Results of Critical Thinking Ability 
Critical Thinking Ability 

Categories and Codes 

 Description of Critical Thinking Ability 

good (2) Students have a critical thinking pattern with good categories by applying the 

analysis process in understanding a problem (analyzing the problem with the 

right and correct conceptual arguments, writing answers according to the 

problem) 

Enough (1) Students have critical thinking patterns in the slow category by utilizing 

intuitive thinking without thinking using concepts or facts (analyzing the 

problem does not fit the concept argument, writing answers without going 

through the process) 

Less (0) Learners do not have answers to problems or answers do not show the truth 

that is asked 

Description of Coding 

 

3. RESULTS AND DISCUSSION 

 

Data on critical thinking skills is the result of students' pre-test and post-test data acquisition. In this section, 

critical thinking skills data are described based on the results of the calculation of total scores and the coding of pre-

test and post-test data. Statistical tests are used to answer the increase in students' critical thinking skills before and 

after learning to use multi-representation assisted problem-solving strategies. 

 

Statistical Description Data on Students' Critical Thinking Ability 
Statistical tests include prerequisite tests and advanced statistical tests on the pre-test and post-test critical 

thinking skills. The pre-test and post-test data were first performed prerequisite tests of normality and homogeneity 

tests to test the feasibility of the data when further statistical tests were conducted. The normality test uses the lilliefors 

test (saphiro-wilk) and levene homogeneity test. The following are the results of normality and homogeneity test of 

students' pre-test and post-test results in Table 1.3. 
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Table 1.3 Description of the Prerequisite Tests for Students' Critical Thinking Ability 
Data Description Pretest Post-test Data Conclusions 

Mean 12,13 57,37 An increase occurred 

Standard Deviasi 5,56 13,6 An increase occurred 

Nilai Minimum 6 32 An increase occurred 

Nilai Maksimum 36 84 An increase occurred 

Normality 

(Signifcance of saphiro wilk) 

       0, 001 0,013 Data not normally distributed 

Homogenitas 

(significance of levene test) 

                      0,347 Data homogen 

Description of the Prerequisite Tests 

 

Information Table 1.3 shows that the pre-test and post-test data of critical thinking ability has a significance 

value of saphiro wilk of 0.001 for the pre-test data and 0.013 for the post-test data. The data obtained will be normally 

distributed if it has a significance value that can be equal to or greater with α = 0.05. The results obtained in this study 

indicate the significance value of the posttest and pre-test is smaller than 0.05 (pre-test data: 0.001 <0.05 and posttest 

data: 0.013 <0.05), so that the conclusion that the pre-test and post-test data are critical thinking problems students 

come from populations that are not normally distributed. Homogeneity test results showed a significance value of 0.347 

for posttest data. This shows homogeneous posttest data (0.347> 0.05). 
Advanced statistical tests include the effect size test, N-gain test, and non-parametric Wilcoxon type test. Selection of 

non-parametric tests as a follow-up because the pre-test and post-test data are not normally distributed. The following 

are the results of the advanced statistical tests on critical thinking skills data in Table 1.4. 

 

Table 1.4 Description of Statistics Test Results of Students' Critical Thinking Ability 
Advanced Statistics Test Value Significance Category 

Uji  Effect size                4,34 Strong 

Uji N-gain 0,514 the middle 

Uji Non-Parametrik Wilcoxon 0.000 Significant differences 

Description of Statistics 

 

Information Table 1.4 shows that the pre-test and post-test critical thinking skills have a significance value of 

the advanced statistical test with each value of 4.34 for the calculation of the effect size test with an indication of the 

category increase in pre-test and post-test results with strong categories. N-gain test calculation has a value of 0.514 

with the medium category. In non-parametric calculations (Wilcoxon) explains that the hypothesis is accepted if the 

value of t-count is less than or equal to 0.05. The result of Wilcoxon significance calculation has a significance of 0,000 

<0.05, so it can be concluded that there is a significant change. the three data from the results of the advanced statistical 
test can be concluded that there is a positive influence on the implementation of multi-representation assisted problem-

solving strategies in learning business material and energy on critical thinking skills. 

 

Data Description Changes in students' critical thinking abilities 

Changes in students' thinking ability is a description of data changes in the pre-test answers to the post-test based 

on the answers given by students through the test. Changes in overall critical thinking skills have been known through 

the effect size test with a category very large than the standard and the N-gain value of each question in the Medium-

upper category. The results indicate that there is a change in students' thinking after the implementation of a multi-

representation assisted problem-solving learning strategy in physics learning. Development of critical thinking skills 

questions based on six indicators of critical thinking [13]. 

Grouping the level of critical thinking level based on three levels of assessment namely good (2), enough (1) and less 

(0). The final stage concludes the answer categories through a qualitative descriptive narrative. The following points 
are descriptions of the level of students' critical thinking skills based on pre-test and post-test answers. 

 

Interpret Relationships between variables 

The questions developed are in item numbers 1 and 2 with the two questions having a relationship. The number 

of students included in the level of thinking ability converted into a percentage. The following is a presentation of the 

ability levels of students in Table 1.5. 

 

Table 1.5 Coding Tables for Students' Critical Thinking Levels on Indicators 

 Interpreting Relationships Between Variables 
Indicator Item Question Question Data Critical level  thinking 

0 1 2 

Determine the effort made through a 

graphical interpretation of the relationship 

between force and displacement 

1 Pretest 93,75 6,25 0 

Posttest 0 84,375 15,625 

Demonstrate positive, negative and zero value 

efforts through a graphical interpretation of 

the relationship of force and displacement 

2 Pre-test 93,75 6,25 0 

Posttest 15,625 68,75 15,625 

Coding Tables for Students' Critical Thinking Levels 

 

In table 1.5 the shift in the level of critical thinking of students during the pre-test and post-test. In problem 

number 1 there was an increase for each level of critical thinking skills. Students have a category of critical thinking 
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level in the medium category with the highest increase from pre-test and posttest at 6.25% at pretest and 84.375% at 

posttest. The same thing in question number 2 is part of the graph of the relationship between force and displacement 

in question number 1. Students have a category of critical thinking level at a moderate level with the highest increase 

from pretest and posttest at 6.25% at pretest and 68, 75%. At the level of category lacks the same percentage as the 

good category which is 15,625%. Earnings indicate the positive and negative business value but have not been able to 

show the range of movements that are on the graph for positive or negative business value. 

 

Infer the truth of the concept through graphs or tables 

The questions developed are in item number 3. The number of students who fall into the level of thinking ability 

is converted into percentages. The following is a presentation of the ability levels of students in Table 1.6. 
 

Table 1.6 Table of Coding Levels of Students' Critical Thinking Levels on Indicators Summing the  

Truth of a Concept Through Graphs or Tables 
Indicator Item Question Questi

on 

Data      Critical level thinking 

0 1 2 

Infer the truth of the concept of conservation 

of total mechanical energy through a 

graphical interpretation of the relationship of 

gravitational and kinetic potential energy 

3 Pre-test 84,375  15,625 0 

 

Posttest 25 62,5 12,5 

Critical Thinking Levels Concept Through Graphs or Tables 

 

The description in Table 1.6 illustrates the shift in the level of critical thinking of students at pre-test and post-

test. In question number 3 an increase occurred for each level of critical thinking skills. Students have a category of 

critical thinking level at a moderate level with the highest increase from pretest and posttest at 15.625% at pretest and 
62.5%. Another acquisition at the category level is lacking, there are 25% of students unable to provide answers and at 

a good level, there are 12.5% of students able to give correct answers and logical reasons. 

The questions developed are in item number 4. The number of students who fall into the category of critical thinking 

skills is converted into percentages. The following is a presentation of the ability levels of students in Table 1.7. 

 

Table 1.7 Coding Tables of Students' Critical Thinking Levels on Indicators 

 Calculating Unknown Value Based on Additional Information Given. 
Indicator Item Question Questi

on 

Data      Critical level thinking 

0 1 2 

Calculate the gravitational potential 

energy value of objects through mass 

and height information 

4 Pre-test 93,75 6,25 0 

 

Posttest 18,75 68,75 12,5 

Critical Thinking Levels Calculating Unknown Value Based on Additional Information Given. 

 

Table 1.7 shifts the level of critical thinking of students at pre-test and post-test. In question number 4 an increase 

occurred for each level of critical thinking skills. Students have a category of critical thinking level at a moderate level 

with the highest increase of pre-test and posttest at 6.25% at pre-test and 68.75% at posttest. This shows that students 

can provide answers related to EP = mgh, but they have not been able to analyze gravitational potential energy with a 

different frame of reference. At a good level, there are 12.5% of students have been able to give correct answers and 

18.75% have not given correct answers. 

 

Evaluating the Validity of Measurement Results Data. 
The questions developed are in items 5 and 6. The number of students who are in the level of thinking ability is 

converted into percentages. The following is a presentation of the ability levels of students in Table 1.8. 

 

Table 1.8 Coding Tables for Students' Critical Thinking Levels on 

Indicators Evaluating Data Validity in Measurement Results 
Indicator Item Question Questi

on 

Data      Critical level thinking 

0 1 2 

Evaluate the validity of the data validity of hook 

law measurements and their relation to the 

potential spring energy transfer. 

5 Pre-test 90,625 9,375 0 

Posttest 12,5 71,875 15,625 

Evaluate the validity of measurement data 

related to the concept of total mechanical energy 

6 Pre-test 87,5 9,375 3,125 

Posttest 25  65,625 12,5 

Critical Thinking Levels Indicators Evaluating Data Validity in Measurement Results 

 

The description in Table 1.8 illustrates the shift in the level of critical thinking of students at pre-test and post-

test. In question number 5 there was an increase for each level of critical thinking skills. Students have the category of 

critical thinking level in the medium category with the highest increase from pre-test and posttest which is 9.375% at 

pretest and 71.87% at posttest. This shows that students are able to calculate the greatest potential energy of each load 

mass, but have not been able to identify any measurement error results at load number 6. The same thing in problem 

number 6 shows an increase in each level of critical thinking ability. Students have a category of critical thinking level 

at a moderate level with the highest increase from pre-test and posttest which is 9.375% at pretest and 65.625%. At the 
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level of the category of less and good has a percentage of each 25% and 12.5%. The acquisition indicates that students 

have been able to evaluate the relationship between gravitational potential energy and kinetic energy. 

The questions developed are in items numbers 7 and 8. The number of students entering each category of thinking 

ability level is converted into percentages. The following is a presentation of the ability levels of students in Table 1.9. 

 

Table 1.9 Table of Coding Students' Critical Thinking Levels  

Implement Specific Strategies in Solving Problems 
Indicator Item Question Question Data      Critical level thinking 

0 1 2 

Implement specific strategies in solving 

problems related to potential energy 

changes into other forms 

7 Pre-test 37,5 56,256 6,25 

Posttest 25 50 25 

Implementing a specific strategy in solving 

problems in applying the concept of energy 

change in the design of hydropower plants 

8 Pre-test 75 21,875 3,125 

Posttest 9,375  53,125 37,5 

Critical Thinking Levels Implement Specific Strategies in Solving-Problems 

 

In Table 1.9 the shift in the level of critical thinking of students during the pre-test and post-test. In question 

number 7 there was an increase for each level of critical thinking skills. Students have a category of critical thinking 

level in both categories with the highest increase from pretest and posttest at 6.25% at pretest and 25% at posttest. This 

is similar to problem number 8 showing an increase in each level of critical thinking skills. Students have the category 

of critical thinking level at a good level with the highest increase from pretest and posttest at 3.125% at pretest and 

37.5%. At the level of a category of less and good has a percentage of 9.375% and 53.125% respectively. 

 

Summing up the truth of a concept based on the statement given 

The questions that are developed are found in items 9 and 10. The following are the presentation of the students' 

ability levels in Table 1.10. 

 

Table 1.10 Tables for Students' Critical Thinking Levels on Indicators  

Summing Up the Truth of a Concept-Based on Questions Given 
Indicator Item Question Question Data           Critical level thinking 

0 1 2 

Summing up the truth of the concept of 

potential and kinetic energy based on the 

statement given 

9 Pre-test 78,125 21,875 0 

Posttest 21,875  62,5 15,625 

Summing up the truth of the concept of the law 

of conservation of mechanical energy based on 

several statements given 

10 Pre-test 84,375 12,5 3,125 

Posttest 9,375  78,125 12,5 

Critical Thinking Levels on Indicators Summing Up the Truth of a Concept-Based on Question 

 

The description in Table 1.10 illustrates the shift in the level of critical thinking of students at pre-test and post-

test. In problem number 9 there was an increase for each level of critical thinking skills. Students have a category of 

critical thinking level in the medium category with the highest increase from pre-test and posttest which is 21.875% at 
pretest and 62.5% at posttest. The same thing in problem number 10 shows an increase in each level of critical thinking 

skills. Students have a category of critical thinking level at a moderate level with the highest increase of pre-test and 

posttest at 12.5% at pretest and 78.125% at posttest. At the level of a category of less and good has a percentage of 

9.375% and 12.5% respectively. The acquisition indicates that students can deduce the truth of the concept of the law 

of conservation of energy through several statements with logical arguments. 

Students' Critical Thinking Ability Through a Problem Solving Strategy Assisted by Multirepresentations on 

Business Materials and Energy. 

The discussion of problem-solving abilities is based on the core of the discussion, namely, First, changes in students' 

critical thinking. Second, categorizing the level of students' critical thinking skills on each indicator before and after 

the implementation of problem-solving assisted multi-representation learning strategies. Both of these are indicators of 

the effectiveness of research in terms of the context of critical thinking. 

 

Discussion of Total Score on Critical Thinking Ability 

The increase indication can be seen through the value of N-gain, effect size, and nonparametric statistical test. In detail, 

the scores of students can be seen in Figure 2.1. 
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Figure 2.1 Total Score of Students' Critical Thinking Ability  

 

Figure 2.1 illustrates the highest score on pre-test and posttest achieved by students number 11 from 32 when 

pre-test to 84 at posttest. The lowest score on the pre-test there were 6 students with a value of 6 is 1 person in the 

posttest with a value of 36. The total score on the posttest exceeded the class average of 13 people, while those who 

were still below the class average totaled 19 people. Data distribution of students' critical thinking skills shows 

variations in the ability of students to interpret the relationship between variables, calculate the known variables, deduce 

the truth of the concept based on graphs and some statements and implementing strategies in solving problems in the 
concepts of business and energy. 

 

4.CONCLUSION 

 

The conclusion in this study there are two important parts, namely the ability to solve problems and think 

critically, namely: Based on the results of the study, the critical thinking ability of students in class X MIA of Islamic 

High School NU Pujon showed a significant increase in business and energy material during the pre-test and post-test. 

This is supported by an N-gain value of 0.514, with an indication that students' critical thinking skills are in the medium 

category. The description of several comparison tables on each indicator shows some variations in the ability of students 

to think critically. Student ability levels are classified into three levels. the ability to develop critical thinking processes, 

most students are at the level of the category of critical thinking enough. Categories simply have the meaning that in 
analyzing a physics problem. students have spontaneous answers without any argument related to their physical 

concepts. Effect size test results and Wilcoxon test show that there is a strong influence in the positive direction related 

to multi-representation assisted problem-solving strategy instructions on students' critical thinking skills. Procedures 

developed in problem-solving strategies train systematic thinking skills, analytical skills, and reasoning skills. 

 

5. SUGGESTION 

 

In this study, educators need to train students with contextual problems with the help of multi-representation as a 

tool of assistance. Weaknesses appear in the learning process the lack of enthusiasm of students in conducting reflection 

activities. Students are still afraid of conveying ideas and suggestions in evaluating learning. Therefore, educators need 

to train students' mentality by multiplying group discussion activities and class discussions. 

In subsequent studies, researchers need to pay attention to the level of problem-solving skills and think of students' 
crudes with a more detailed coding model. Some points related to suggestions for further researchers. Students are 

accustomed to dealing with new and contextual problems to facilitate the activation of functional knowledge. In 

learning exercises, it takes a long time to gain maximum understanding. To obtain more accurate information about 

effective problem-solving strategy learning design that is integrated with the help of multiple presentations on problem 

solving skills and critical thinking, the researcher needs to test this research on more complex subjects Indicators of 

problem-solving ability Bransford and Stein can 

developed further and more specifically by linking novice and expert criteria in further research. 

 

REFERENCES 

 

[1]. RF Nikat, S Supriyadi, A Algiranto. 2019. Pengembangan dan Evaluasi Soal Kemampuan Berfikir Kritis 

Siswa Pada Materi Usaha dan Energi .Musamus Journal of Science Education. 

[2]. Algiranto, Sarwanto & A. Marzuki.2019. The development of students worksheet based on Predict, 

Observe, Explain (POE) to improve students' science process skill in SMA Muhammadiyah Imogiri. IOP 

J. Phys.: Conf. Ser. 1153 012148 

[3]. Tiruneh, D. T., De Cock, M., Weldeslassie, A. G., Elen, J., & Janssen, R. 2017. Measuring critical thinking 

in physics: Development and validation of a critical thinking test in electricity and magnetism. International 

Journal of Science and Mathematics Education, 15(4), 663-682. 

[4]. Halpern, D.F.  2014. Thought And Knowledge. Psychology Press: New york 

63 



J. Basic. Appl. Sci. Res., 9(6)58-64, 2019 

[5]. Paul, R. dan Elder, L. 2013. The Miniature Guide to Critical Thinking Concepts and Tools. Dillon Beach: 

Foundation for Critical Thinking Press. 

[6]. Gunes, Z, Gunez, I, Yasemin,D & Kirbaslar. 2014. The reflection of critical thinking dispositions on 

operational chemistry and physics problems solving of engineering faculty students.  Procedia-Social and 

Behavioral Science, 174 ,448-456 

[7]. Etkina.E &  Heuvelen. 2008. Using Multiple Representations to Improve Student Learning in Mechanics.  

CollageBoard: Georgia 

[8]. Tobias.F, Cedric.L & John.A. 2015 "A social semiotic approach to identifying critical aspects", 

International Journal for Lesson and Learning Studies, Vol. 4 Issue: 3, pp.302-316  

[9]. Berge, M., & Danielsson, A. T. 2013. Characterising learning interactions: a study of university students 

solving physics problems in groups. Research in science education, 43(3), 1177-1196. 

[10]. De Cock, M. 2012. Representation use and strategy choice in physics problem solving. Physical Review 

Special Topics-Physics Education Research, 8(2), 020117. 

[11]. Sujarwanto. 2014. Kemampuan Pemecahan Masalah Fisika Pada Modeling Instruction Pada Siswa SMA 

Kelas XI. Jurnal Pendidikan IPA Indonesia. 

[12]. Serway. 2004. Physics for Scientists and Engineers. James Madison University: California 

[13]. Tiruneh, D. T., Weldeslassie, A. G., Kassa, A., Tefera, Z., De Cock, M., & Elen, J. 2016. Systematic design 

of a learning environment for domain-specific and domain-general critical thinking skills. Educational 

Technology Research and Development, 64(3), 481-505. 

[14]. Philipus Betaubun, Nasra Pratama Putra. 2019. Budget Planning Information System for Simple Housing 

in Merauke District. International Journal of Civil Engineering and Technology, 10(2): 783-792 

[15]. Supriyadi,  Richard  S.  Waremra  and  Philipus  Betaubun, 2019. Papua Contextual  Science  Curriculum  

Contains  with  Indigenous  Science  (Ethnopedagogy Study  at  Malind  Tribe  Merauke), International  

Journal  of  Civil  Engineering  and Technology, 10(02), pp. 1994–2000. 

64 


