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ABSTRACT 

The purpose of this research was to determine the effect size of the use of problem-based learning models 

in five categories, namely class level, material, aspects of knowledge, aspect of critical thinking skills, and 

aspects of problem-solving skills. The method used in this research is meta-analysis. Data analyzed is secondary 

data obtained from the previous research. The sample of this research consists of 18 national articles and 2 

international articles. The instrument used is the category code and the calculation of the size of the effect. Data 

analysis techniques in this study using the calculated effect size of each article. The results showed that the 

influence of the use of the problem-based learning model on the level of class X with an average of 1.22 in a 

category very high. Although, on the level of class XI with an average of 1.95 in the category of very high. 

Second, the influence of problem-based learning on the electric dynamic, motion, heat and temperature, and 

optical geometric was high. Moreover, Newton's Law is very high. Third, the influence of the problem-based 

learning model, on aspects of knowledge in the category of very high, aspects of critical thinking skills including 

high category, and aspects of skills problem solving belongs to the category of high. 
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I. INTRODUCTION 

Education is a national extension. Learning is expected to strengthen community activity and can increase 

the level of human expertise. Law no. 20 of 2003 relates to the national learning system. National learning has a 

goal. The target of national learning is to improve student skills so that students have a character who is obedient 

to God Almighty. Students who have strong faith and devotion to God Almighty, have amazing morals, are fit, 

knowledgeable, clever, thuggish, autonomous, then become a populist society and are responsible for everything 

they do. The goal of national education is expected to be able to produce human resources who can 

communicate, work productively, have life skills to determine work priorities, evaluate themselves, manage time 

and solve problems according to the skills needs of the 21st century. To produce a golden generation that can 

compete in the international community, education must be achieved. This education is an effort to prepare 

students for the 21st century [1]. One of the ways the government advances the world of education is to make 

changes to the curriculum until the 2013 curriculum is implemented. 

The 2013 curriculum requires teachers to change their teaching habits. Learning that is usually teacher-

centered must change the pattern to be student-centered. According to Permendikbud Number 22 of 2016, the 

learning process is held in an interactive, fun, challenging manner, motivates students to participate actively, and 

provides space to develop student creativity. The learning that is carried out should be able to prepare students 

for the 2nd century. The target of learning physics is not only aspects of knowledge but includes all aspects such 

as aspects of attitudes and skills. One of the efforts made to create quality physics learning is to empower all the 
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potential of students in schools. The learning resources used must be able to support the achievement of all the 

required skills in the 2013 curriculum. 

21st-century learning expects learning that can think critically. Critical thinking is a major factor in 

learning physics. Critical thinking needs habituation, done gradually and continuously. Critical thinking can be 

done by giving students problems that exist in the environment and then students can find solutions and solve 

these problems. Students can conclude with the correct physics concept [2]. 

However, problems were found in the research. This problem has been resolved by previous research. His 

research is the effect of problem-based learning models in high school physics subjects on student learning 

outcomes. The results of previous research were first that students' motivation was still lacking in learning 

physics. Students' interest in taking physics lessons is still low. The cause of the lack of student interest in 

physics lessons is monotonous physics learning, this is evidenced by 89.65% of students saying that they only 

take notes and do assignments, and 55.17% say that teachers only give assignments and other causes that make 

students' interest in learning Physics is the facilities and infrastructure in schools that are still very minimal in 

use [3]. 

The teacher is still the center of learning in the teaching and learning process in the classroom. Students 

tend not to be able to convey their opinions when they have problems with the teacher [4]. Problem-solving 

skills are still low. The skills that exist in students are still not being explored. One of them is problem-solving 

skills. To solve a problem in completing the steps students still do not understand and find it difficult [5]. The 

value of the child's attitudes, knowledge, and skills are classified as lacking. Physics learning still uses the 

lecture method. Learning like this includes students who are bored and do not understand physics material. Such 

conditions make student learning outcomes low. There are still many students who get relatively low scores [6]. 

Previous research still has limitations. As for the limitations of the previously analyzed research, namely, 

first, the previously analyzed research only determines the effect of the model. The two studies analyzed 

previously were limited to one level only. Third, the research analyzed previously had limitations on only one 

material. Fourth, the research analyzed has limitations on just one lesson. So that meta-analysis research 

becomes the reason for researchers to choose meta-analysis research. 

This shows that there is an imbalance between ideal conditions and previous research. With the imbalance 

between the ideal state and the previous research, it is necessary to have a solution that can overcome these 

problems. The solution to overcome these problems is to develop a learning model that can arouse and increase 

student motivation. Strong student enthusiasm will add to the level of student activity in the teaching and 

learning process in physics subjects. The teaching and learning process combined with giving problems is an 

effort so that students in the learning process do not feel bored and bored. For students to be more skilled in the 

learning process, the educational model combined with the problem is the right model. An educational model 

that has innovative advantages is a problem-based learning model [7]. To improve and develop students' 

thinking, be it the development of problem-solving abilities or scientific abilities, the problem-based learning 

model is the right model [8]. Studying physics lessons by relating it to existing phenomena around it so that it 

becomes real, and learning is more independent and autonomous [9]. Students who are given treatment by 

combining the learning model with the problem have better knowledge and performance than the class of 

students in the class whose learning process does not combine problems [10]. 

An educational model that has innovative advantages is a problem-based learning model [11]. To improve 

and develop students' thinking, both the development of problem-solving abilities and knowledge abilities, the 

problem-based learning model is the right model [12]. Studying physics lessons by relating it to existing 

phenomena around it so that it becomes real, and learning is more independent and autonomous [13]. Students 

who are treated by integrating the learning model with the problem have better knowledge and performance than 

the class of students in the class whose learning process does not combine problems [14]. 

  This meta-analysis research is the right solution for select researchers. The reasons for the researchers 

chose this meta-analysis study for several reasons. First, see the consistency of the research results. Second, look 

at research that has a broader scope. Third, it is necessary to study the effect size. Fourth, look at the broader 

research conclusions. 

This research is based on previous research. There are three reviews related to this study. The first review 

from [15] is related to the effect of problem-based learning models on the physics learning outcomes of students 

in class X SMAM 2 Prayat in the 2015/2016 academic year. The second review was carried out by [16] relating 

to the influence of problem-based learning models and enthusiasm for learning on student learning outcomes in 

class X SMA Sawasta SinarHusni. The third relevant research was conducted [17] which was related to the 
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effect of problem-based learning models on the learning outcomes of students' knowledge of temperature and 

heat eleven X semester III at SMA Muhammadiyah 8 Kisaran, Indonesia. 

The research to be carried out has the desired objectives. The objectives of this study are generally not the 

same as other types of clinical research. The purpose of the first study was to determine the effect size due to 

problem-based learning models in physics learning which was reviewed based on the class levels, namely class 

X and class XI. Second, to know the effect size of the combined problem learning model for physics subjects 

that are reviewed based on the material being taught, namely dynamic electric entities, motion, temperature and 

heat, Newton's laws, geometric optics, and fluid mechanics. The third is to know the effect size of the effect of 

the combined problem learning model for physics subjects in terms of student learning outcomes, namely 

knowledge, and skills. 

II. METHOD  

The research category is meta-analysis research to review research based on a quantitative approach. The 

secondary data used from the results of previous studies. This research consists of 20 articles in international and 

national journals. The articles were chosen based on problem-based learning model themed which was published 

in the last 10 years. The selected articles reviewed the improvement of students' knowledge and skills, studies in 

high school physics subjects, and used the experimental method. 

Meta-analysis has several advantages when used as a research method. The advantage is that meta-analysis 

can combine some of the results of previous research quantitatively, provide a good overview between studies, 

and can minimize differences from the results of the study, very objective, and focuses on research data obtained 

from articles research, and quantitative and very easy to perform. 

Meta-analysis often makes published results only significant, whereas insignificant results are not 

published. This method is averaging something so that the difference can be seen in the same way in this 

method. Meta-analysis is not suitable for samples with little data. 

Meta-analysis research has several steps [18]. First, select and review the theme of the review to be 

summarized. Second, select and combine several assessments with predetermined themes. Third, calculates the 

effect size. Fourth, recognizes the heterogeneity of effects in the model. Fifth, analyze the moderator variables. 

Sixth, make conclusions from the results of the meta-analysis research. 

The data analysis technique to find the effect size value used in this study is the equation used is: 

a. For a one-group test, the related sample is known if the mean and standard deviation of the pre-post test for 

one group is known. Then the effect size can be determined by the formula below: 

 

pre

prepost

SD

xx
ES


 ................................(1) 

Informations : 

ES  = Effec size 

Xpost  = Average posttest 

Xpre   = Average pretest 

SD  = Standard deviation 

 

b. To test the differences between the two sample groups that are related if it is known only the post-test data 

from the mean and standard deviation of the two sample groups. Then the effect size is determined by the 

formula below: 

 

C

CE

SD

xx
ES


 ....................................(2) 

Informations : 

ES    = Effec size 

XE    = Average value of eksperimental group 

XC   = Average value of control group 

SD   = Standard Deviation 

 

 



  First Author(last name), et al 

 

 

   Pillar of Physics Education 2020, page 494-501  | 497  

c. To test the two groups the sample is related if the mean and standard deviation of the pre-post test of the two 

groups is known. Then the effect size is determined by the formula below: 

3

)()(

postCpreEpreC

CprepostEprepost

SDSDSD

xxxx
ES






...............(3) 

Informations : 

ES  =   Effect size 

XpostE  =   Average posttest eksperimental group 

Xpre E  =   Average pretest eksperimental group 

XpostC  =   Average posttest control group 
 

The following are categories of effect sizes according to Cohen's can be seen in  Table 1 [19]. 

 

Table 1. Effect Size Criteria 

No ES Category 

1 0 < ES ≤ 0.2 Low 

2 0.2 < ES ≤ 0.8 Moderate 

3  ES >0.8 High 

 

III. RESULTS AND DISCUSSION 

A.  Result 

Each journal has statistical parameters. The values of each statistical parameter for each journal can be seen 

in Table 2. 

 

Table 2. Statistical Parameter Values 

Journal 

Code 

(J) 

The 

number 

of 

students 

Thit Pra-test 

ne nc  Xc Xe SDc 

J01 - - - 30.93 27.74 10.88 

J02 - - - 20.29 21.32 8.87 

J03 - - - - - - 

J04 - - - 18.07 18.57 5.30 

J05 32 31 2.77 - - - 

J06 - - - 7.56 9.04 3.26 

J07 - - - 9.00 8.70 3.16 

J08 - - - 16.32 16.28 2.96 

J09 - - - 35.52 33.88 9.10 

J10 - - - 44.47 42.63 10.84 

J11 - - - 34.43 29.71 9.29 

J12 - - - 33.79 34.07 10.27 

J13 35 35 3 - - - 

J14 32 32 1.68 - - - 

J15 - - - 11 11.36 3.15 

J16 - - - - 47.2 - 

J17 - - - 28.58 30.36 5.57 

J18 - - - - 77.5 - 

J19 26 28 3.52 - - - 

J20 32 32 6.75 - - - 

 

 

Journal 

Code (J) 

Pos-test 

XC XE SDC SDE 

J01 53.75 73.01 10.99 9.75 

J02 42.29 53.24 17.33 16.87 

J03 64.57 72.11 9.15 9.15 
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J04 69.00 78.57 8.64 11.17 

J05 44.3 56.8 - - 

J06 13.12 15.12 2.74 3.1 

J07 16.64 20.35 3.68 3.16 

J08 20.29 20.54 2.97 2.94 

J09 74.91 80.00 9.55 7.75 

J10 54.23 75.42 9.14 9.87 

J11 66.42 71.71 10.11 11.87 

J12 53.89 62.87 7.53 10.01 

J13 16 21 - - 

J14 69.09 74.9 - - 

J15 18.29 21.33 3.16 3.15 

J16 - 69.8 - 1.54 

J17 61.20 79.07 7.28 7.36 

J18 - 85.3 - 2.7 

J19 - - - - 

J20 - - - - 

 

 The total number of articles which are under the research objectives is 20 articles. Articles analyzed were 

from 2010 to 2020. Articles in the past ten years that were selected for this meta-analysis were coded J1 through 

J20. Each journal is the variable to find effect sizes in terms of education level. subject matter. and learning 

outcomes. 

               The first result in this meta-analysis research is related to the influence of problem-based learning 

models in terms of class level. The average effect size value based on class level is obtained from the calculation 

of the effect size of each article. The average effect size in terms of the class level used from 20 articles can be 

seen in Table 3. 

 

Table 3. The Influence of Problem Based Learning Model Based on Class Level 

Grade 

level 

Journal 

Code 

Effec 

Size 

Average 

ES 
Category 

X 

 

J1 2.12 

1.22 High 

J2 0.88 

J3 0.82 

J4 1.36 

J5 0.69 

J6 0.17 

J10 2.27 

J11 1.01 

J12 0.96 

J15 0.86 

J17 1.35 

J18 1.80 

J20 1.67 

XI 

 

J7 1.21 

1.81 

 

High 

 

J8 0.09 

J9 0.70 

J13 0.71 

J14 0.42 

J16 8.60 

J19 0.95 

 

Table 3 illustrates the meta-analysis of the effects of the learning model combined with problems in physics 

learning on learning outcomes based on class level. The results describe that the combination of the problem-

based learning model has a high effect for class X with an average value of 1.22. In class XI, the problem-based 

learning model has a very high effect on the results of student's practice in Physics subjects with a mean value of 

1.81. This situation shows that the higher the class level. the effect of problem-based learning models for physics 

on student practice results is higher, and vice versa. 

The second result is related to the effect of the combination of a problem-based learning model in terms of 

the learning material. The average effect size value in terms of the learning material used from 20 articles can be 

seen in Table 4. 
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Table 4. The Influence of Problem Based Learning Models in terms of Learning Materials 

Theory 
The amount of 

research 
Effec Size 

Average 

effect size 
Category 

Dynamic electricity 2 
J1= 2.12 

1.54 High 
J12= 0.96 

Motion 1 J2=0.88 0.88 High 

Heat and temperature  3 

J4= 1.36 

3.55 High J5= 0.69 

J16= 8.60 

Newtons’ law 2 
J7=1.21 

2.07 High 
J15= 0.86 

Optic geometric 1 J11=1.01 1.01 High 

Fluida mechanics 1 J19= 0.95 0.95 High 

 

 From the data in Table 4, it is described that the results of the meta-analysis of the effects of problem-based learning 

models based on the material found that in the material of dynamic electricity, motion, temperature and heat, Newton's laws, 

geometric optics have a very high effect with different effect sizes. Fluid mechanics material has a high effect with an 

average value of 0.95.  It was concluded that the measuring effect of the effect of problem-based learning models on physics 

subjects in terms of the material used gave different effects. 

 Table 4 describes that the effects of problem-based learning models based on the material showed that in the material 

of dynamic electricity, motion, temperature, and heat, Newton's laws, geometric optics have a very high effect with different 

effect sizes. Fluid mechanics material has a high effect with an average value of 0.95. In conclusion, the measuring effect of 

the effect of problem-based learning models on physics subjects in terms of the material used gave different effects. The 

results of the analysis related to the effect of problem-based learning models on the aspects of knowledge can be seen in 

Figure 1. 

 

 
Fig. 1. Effect size of Problem Based Learning Model on Knowledge Aspects 

  

Figure 1 illustrates that the effect size of the problem-based learning model  based on the aspects of 

knowledge in each journal. In that journal, the lowest effect size was found in the sixth journal (J6) with an 

average value of 0.17. While the highest effect size was found in the tenth journal (J10) with an average value of 

2.27. Each journal has a positive effect. This shows that the upgrading model combined with problems in physics 

effectively makes student learning outcomes increase in the knowledge aspect. The results of the analysis related 

to the effect of problem-based learning models on the skills aspects of knowledge can be seen in Table 5. 

 

Table 5. The Effect of Problem Based Learning Model on the Skills Aspect 

No Skills Code ES Category 

1 Critical thinking skills J2 0.88 High 

J8 0.09 Low 

J14 0.42 Moderate 

J20 1.67 High 

2 Problem solving skills J15 0.86 High 

J16 8.60 High 

J17 1.35 High 

J18 1.80 High 

J19 0.95 High 
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 From the data in Table 5 it can be described that the results of the meta-analysis of the effects of the 

learning model combine problems on learning outcomes for aspects of skills in the domain of knowledge. Skills 

consisting of critical thinking skills and problem solving skills. Each skill has a different effect. Critical thinking 

skills consisting of 4 articles each in a different category. The problem solving skill consists of 5 articles each in 

a different category. 

B. Discussion 

The results of this study were carried out in three categories, namely the effect of problem-based learning 

models based on class levels (X and XI), the effects of problem-based learning models based on the material 

used (dynamic electricity, motion, temperature and heat, Newton's laws, and geometric optics). It is the effect of 

the problem-based learning model in terms of learning outcomes. The results of this study indicate that the use of 

problem-based learning models for physical learning subjects can add to the learning outcomes of high school 

students. 

The first result that was achieved was the problem-blended learning model for physics learning in terms of 

the class level aspect which gave a very high influence on the level of class X and class XI. The use of a 

problem-blended learning model for physics learning has a good effect on both classes, namely in class X and 

XI. This means that the problem-based learning model in physics learning is effectively used in high school 

education. This high average effect size has implications for children's cognitive development. This is supported 

by [20] who explained that the cognitive development of children at the age of fifteen and children. begin to 

understand the abstraction of concepts. This is what causes student learning outcomes to be higher because they 

have passed the basic education level and junior high school education level and can think to the adult level. 

The second result that was achieved was the influence of problem-based learning models in physics 

subjects seen in the material aspect which gave a very high influence on the Dynamic Electricity material. Matter 

temperature and heat, and Newton's laws exert a very high impact. Meanwhile, motion material and optical 

geometry give a high influence. This condition means that the use of a mixed-problem learning model distributes 

different effects on student learning outcomes. Meeting students by solving problems will affect the students. 

Students become more active in the course of learning. What makes students more active is one reason because 

of the problem-based learning model [21]. The problem raised is real, and the problem must invite students' 

curiosity so that students will be motivated to find a solution or seek answers to the problem [22] 

The third result achieved in this study is the effect of problem-based learning models in physics subjects in 

terms of learning outcomes. The mixed learning model for physics subjects has a very high influence on the 

aspect of knowledge. The learning model that combines problems in the field of physics is appropriate to use to 

increase student learning outcomes [23]. This situation is in line with [24] who said that critical thinking skills, 

motivation, and student learning outcomes are interrelated and can have a good effect using problem-based 

learning models. 

The next research result that was achieved was the effect of problem-based learning models in physics 

learning from the aspects of skills in the realm of knowledge. Nine articles contain different skills, namely 

critical thinking skills, and problem-solving skills. Learning models combined with problems for the field of 

physics studies have a high influence on critical thinking skills. The problem-based learning model in physics 

subjects has a very high effect. Problem-solving, critical thinking, knowledge, increased student activity can be 

helped by using a learning-based model [25]. 

IV. CONCLUSION 

Based on the studies that have been analyzed, conclusions can be drawn from this research. The 

conclusions in this study are firstly the use of a problem-mixed learning model for physics subjects has a good 

effect on class X using an effect size of 1.22 can be included in the high category, for class XI with an effect size 

of 1.95 can be included in the category. high. The second use of the combined problem learning model for 

physics subjects has a significant effect on dynamic electricity, motion, temperature and heat, Newton's laws, 

and geometric optics. The third use of problem-based learning models in physics subjects in terms of the 

learning outcomes aspect gives a significant effect which is included in the high category, the aspect of critical 

thinking skills has a meaningful influence which is included in the high category, the aspect of problem-solving 

skills has a significant effect who belong to the very high group. 
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