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ABSTRACT

Education is expected to be able to improve students' knowledge and critical thinking skills. The first real
condition in the field shows that students' skills in the knowledge aspect are in the low category and the second
real condition shows that students' skills for critical thinking are low. The solution given to the gap that exists in
real conditions and ideal conditions is to apply a project-based learning model to the classroom learning
process. QThe aim of this research is to investigate the influence of the project-based learning model on
students’ physics knowledge and critical thinking skills, as well as investigate its influence on each variable at
grade level. The research method used in this research is meta analysis. The sample from this research was 29
articles. The data analysis technique used in this research uses effect size calculations from each article. The
research results show that there is a significant influence of the project-based learning model on the knowledge
aspect skills and critical thinking skills, where the calculated effect size values obtained are 1.161 and 0.632.
Data from hypothesis testing on each variable at class level, namely class X and XI. The results of hypothesis
testing for both class X and class The results of hypothesis testing for critical thinking skills at grade level show
that the project-based learning model does not have a significant positive influence on class X students, or the
p>a value. Data from hypothesis testing for class XI shows that there is a significant positive influence of the
project-based learning model on critical thinking skills, where the p value <a.
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I.  INTRODUCTION

Character education in schools must be able to develop students' personalities so that they have the skills to
think critically, creatively, communicate, collaborate and be competitive in the 21st century. This is in
accordance with the four skills needed by students in the 21st century, known as 4C, namely critical thinking and
problem solving, creativity, communication skills and the ability to work together [1]. The development of 21st
century skills can of course be applied to physics learning which is included in the science learning family.
These 21st century skills are certainly very important to apply in the learning process today where students really
need to develop life skills and soft skills.

The goals of 21st century education can be achieved by changing the national curriculum from the 2006
Education Unit Level Curriculum to the 2013 curriculum. The 2013 curriculum is a curriculum that prioritizes
21st century skills-based learning. Students' 21st century skills need to be prepared to face digital challenges
directly. Critical thinking skills are one of the 21st century skills that students must master. Critical thinking
skills can provide an increase in student success in the learning process, besides that critical thinking involves
several processes such as reasoning, predicting, analyzing, evaluating, and so on [2]. Critical thinking skills need
to be instilled in the world of science to be taught both in schools and universities.

The first real condition is that students' physics critical thinking skills are still low. This can happen because
physics learning is often carried out in schools using direct learning or the lecture method [3]. In the teaching
and learning process students find it difficult to understand the material and apply it in life, in general teachers
already have the habit of using conventional learning models in learning such as using the lecture method for all

Submitted: .2023-11-06 Accepted: 2023-12-06 Published: .2023-12-27 Pillar of Physics Education, page.275-283 | 275



Febrianti, et al

types or characteristics of subject matter, even though the physics material itself is different [2, 4, 5]. This
certainly has a big impact on students' critical thinking abilities due to a lack of curiosity because they are used
to receiving knowledge limited to what the teacher gives in front of the class. Students only get material and
concepts through regular group discussions, so only some students understand the concept of the material [6-8].
The second real condition found was that students' knowledge was still low because students thought that
physics was complicated and were focused on memorizing formulas, causing students' enthusiasm for learning to
decrease [4, 5, 9]. Students' knowledge which is guided by students' daily test scores is also low because
practical activities are rarely carried out at school [6, 10, 11].

The gap that occurs between real and ideal conditions requires a solution to overcome this problem.
Previous researchers offered a project-based learning (PjBL) model used in the physics teaching process in
schools. Various variations of research results show that applying the project-based learning model (PjBL) can
improve students' physics learning outcomes. The results of research conducted by researchers on articles in
international and national journals related to the influence of the project-based learning model (PjBL) have
different influences and are only limited to one aspect and one class level.

The limitations and weaknesses of previous researchers in analyzing the influence of the project-based
learning model were that initially the researchers only studied certain material that was considered difficult.
Second, the limitations only concern one aspect of knowledge or critical thinking skills. Third, the large number
of empirical verification or replication efforts on a topic allows for studies of the suitability or inconsistency of
research results. Fourth, the more research there is, the more different the research results or conclusions will be.
Researchers need a method of combining two or more similar studies to obtain a combination of quantitative
data. Meta-analysis is an attempt to quantitatively summarize the findings of different studies. This means that
meta-analysis is a technique that aims to re-analyze research results that have been statistically processed based
on primary data collection. Meta-analysis must be carried out due to the fact that no study is free from research
weaknesses, even though researchers have tried to minimize research errors.

The general aims of meta-analysis research are as follows. First, to get the effect size value, which is a
result indicator that shows the strength of the relationship or the size of the difference between variables. Second,
conduct interference from the data in the sample to the population, either by hypothesis testing or estimation.
Third, to control potential variables so that they do not become confounders so as not to interfere with the
statistical significance of the relationship or difference [12]. Meta-analysis research has several advantages. The
advantages of meta-analysis research are (1) meta-analysis research makes it possible to combine several types
of research results quantitatively, (2) it can show relationships between studies which can then be a solution to
differences in results between studies, (3) meta-analysis research is more concrete because it focuses on data
while other literature reviews focus on conclusions from various kinds of research, (4) meta-analysis research
focuses on effect size, and (5) meta-analysis research is carried out quantitatively which makes it easier for
researchers to carry out research [13]. By considering these advantages, many researchers use meta-analysis
methods in their research.

Despite the many advantages of using the meta-analysis method, this method also has disadvantages, first,
this analysis takes quite a long time to complete compared to conventional qualitative research reviews. Second,
researchers must have special knowledge in selecting and computing the correct effect size in statistical analysis.
Third, there is bias in sampling and publication. Fourth, the studies used in the meta-analysis were not
comparable. Fifth, there are errors in methodology [14]. The benefit of meta-analysis research is that it is a
shortcut to obtain explanations, summaries and reinforcement of previous research. Thus the results can be used
as a tool to search for the truth to explain the relationship between a phenomenon. Each learning model has its
own characteristics, as does the project-based learning model. There are eight characteristics and characteristics
of the project-based learning model proposed by the Buck Institute for Education, namely, (1) students make
decisions and frameworks, (2) there are problems whose solutions are not determined beforehand, (3) students
design processes to achieve results , (4) responsible for obtaining and managing the information collected, (5)
students carry out continuous evaluations, (6) regularly look back at what they have done, (7) the final result is a
product and its quality is evaluated, (8) learning situation very tolerant of mistakes and change [15]. The project-
based learning model (PjBL) includes problem solving activities, decision making, investigative skills and skills
in making creative and innovative work. Based on the background of the problem that has been described, the
aim of this research is to calculate the magnitude of the influence of the project-based learning model on
students' physics knowledge and critical thinking skills, and its influence at grade level.
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Il. METHOD

The type of research used is meta analysis which aims to review several studies that have previously used a
quantitative approach. A quantitative approach is used because in meta-analysis research, data analysis activities
are carried out by analyzing quantitative data derived from the results of previous research to conclude whether
or not the hypothesis proposed in the research is accepted [14]. The sample in this research was 29 articles that
met the criteria and matched the keywords in the research, consisting of several national and international
journals. The data to be analyzed comes from several articles. This data was collected by searching several
articles on online journal sites such as Google Schoolar and Sinta.

The articles used in this research have several provisions. The terms of the article are as follows, (1) the
articles used are related to keywords, (2) the articles used are articles published nationally and internationally,
(3) the articles selected in this research were published within the last 10 years, in 2013-2023, (4) the selected
articles are articles that discuss physics learning, (5) the selected articles discuss the influence of project-based
learning models so that they can increase students' knowledge, improve critical thinking skills, (6) the selected
articles are journals that contain research variables that are relevant to the focus of the research to be carried out,
(7) selected articles contain statistical information that can be used to determine effect calculations. In order to
find articles that meet the above criteria, searches are carried out based on keywords such as project-based
learning models, thinking skills, cognitive aspects, etc. Then several articles will appear that relate to the
keywords used in the search. Articles that meet the criteria will then be used in this research.

A variable is a term that cannot be forgotten or left behind in a study. A good and correct research must
contain variables. A variable is something that has variations or types that are determined by the researcher
himself to be studied and then draw conclusions. For research that has been determined 3 variables are needed,
(1) the independent variable is a variable that acts as an influence or is the reason for the dependent variable to
change, the independent variable in this research is 29 articles related to the project-based learning model, (2) the
dependent variable is the variable which is influenced by the independent variable, the dependent variable is
used as a result of the independent variable, the dependent variable in this research is students' knowledge and
students' critical thinking skills, (3) moderating or intermediary variables are variables that strengthen or weaken
the relationship between one variable and another , the intermediary variable in this research is class level.

Meta analysis research has stages that must be carried out. Many experts and researchers have put forward
the stages of meta-analysis research. The stages of meta analysis research can be seen in Figure 1 below [16],

Stages of Meta Analysis Research

The first stage carried out in meta analysis

research is determining an understandable

Defining the Problem (+——p . .
"ning problem or topic to be studied.

- - Collect some research and articles that match the
Collecting Literature ~ -————| keywords. Articles were obtained by downloading
articles from several iournals.

Converting Statistical Categorize each article or research, or record as
> Information much information as possible on the research or
article.

The effect sizes obtained in each category were
then averaged to obtain a summary effect size.

\4

> Calculating the Average of
the Data Obtained

Considering Variations in The effect sizes obtained in each category were
> Observed Effects then averaged to obtain a summary effect size.

\4

Figure 1. Stages of Meta Analysis Research

The effect size can be calculated by a conversion formula based on statistical data available in each journal.
After calculating the effect size, hypothesis testing is carried out. To calculate the effect size value, the following
equation is used [17],
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ES (d) _ Y posttest— Y pretest

SDWithin (1)

Hypothesis testing is carried out using the following p test,

p*=1-¢(x|z*[) )

ES = Effect size

XpreE = Pretest average of the experimental group
XpreC = Control group pretest average

XpostE = Experimental group posttest average
XpostC = Control group posttest average
SDwithin= Standard Deviation of combined samples

t = t test results
nE = Number of experimental group samples
nC = Number of control group samples

Based on the categories of effect sizes referring to Table 1 below,

Tablel. Effect Size Criteria

ES Category
ES<0.15 Not important
0.15<ES<0.40 Small Level
0.40 <ES <0.75 Intermediate Level
0.75<ES<1.10 Extensive Level
1.10<ES<1.45 Very wide
145 <ES Excellent Level

(Source: Ref[18])

I11. RESULTS AND DISCUSSION

A. Results

The total of articles used was 29 articles, where the articles analyzed were articles published in the period
2013-2023. Articles within the last 10 years selected in the research are coded A1-A29. Each journal has
variables to determine the size of the effect on knowledge aspect skills and critical thinking skills, and the
influence at each grade level. The first result of this meta-analysis research is the influence of the project-based
learning model on knowledge aspect skills. The average effect size value for the knowledge aspect obtained from
22 articles can be seen in Table 2.

Table 2. Influence on Knowledge Aspect Skills

Article Code  Effect Size Yi Average Effect Size Category p
Al 0.618
A2 0.007
A3 3,960
A4 3,317
A5 3,710
A6 0.941
A7 1,541
’/:g éf?éj 1161 Excellent Level 0,000
A10 1,794
All 1,716
Al3 0.861
Al4 0.780
Al5 0.734
Al6 2,418
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A18 2,453
A19 0.422
A20 3,885
A21 1,317
A22p 0.903
A24 3,037
A25p 0.574

Based on the results of hypothesis testing and calculation of effect size values on aspects of students'
physics knowledge which were processed based on data from 22 articles that have met the categories for use in
this meta-analysis research, it shows that the project-based learning model has a significant positive influence on
student learning outcomes in the knowledge aspect. The effect size results obtained from several of these articles
were 1.161, indicating that the learning model was in the category at a very good level, with a lower confidence
interval of 0.563 and an upper confidence interval of 1.760. The results of hypothesis testing also show that the p
value < a, meaning that the results of hypothesis testing are rejected. The rejected hypothesis can be interpreted
as meaning that as many as 22 similar articles have an influence on the project-based learning model on learning
outcomes in aspects of students' physics knowledge. This test data shows that the project-based learning model is
effective for use in the learning process in schools, because it is considered to have an effect on improving
students' skills in the knowledge aspect.

The second research result in this research is the influence of the project-based learning model on students'
critical thinking skills. Effect size values and hypothesis testing were carried out on the results of this study. The
calculation of effect size values was obtained from 9 articles that met the criteria. The data resulting from the
effect size calculation can be seen in Table 3.

Table 3. Influence on Critical Thinking Skills

Article Code  Effect Size Yi Average Effect Size Category p
Al2 0.925
Al7 0.967
A22k 0.525
A23 0.506
A25k 1,308 0.632 Intermediate Level 0.030
A26 0.728
A27 0.118
A28 2,242
A29 0.643

Hypothesis testing was carried out on 9 articles obtained from national journals and international journals.
Based on the hypothesis test data, a p value of 0.030 was obtained, where this value is greater than the o value,
namely 0.05 or the p value > a, meaning the hypothesis is rejected. If it is rejected, it can be said that as many as
9 similar articles have an influence on the project-based learning model on students' physics critical thinking
skills. Calculating the effect size value on students' critical thinking skills in Table 3, it can be seen that the effect
size value obtained is 0.632, indicating that the learning model is in the middle level category, meaning that the
project-based learning model can be used in the learning process because it is considered quite effective in
improve students' critical thinking skills in physics.

The third result in research regarding the influence of the project-based learning model on knowledge
aspects is based on the moderator variable, namely class level. For class level, the researchers only took samples
from classes X and XI. The number of articles obtained for class X was 11 research articles and for class X1 was
11 research articles. Data from the third research can be seen in Table 4.

Table 4. Effect Size Data on Knowledge Aspect Skills

Article Code Effect Size Yi Average Effect Size Category p Class
A3 3,960
A5 3,710
A6 0.941 1,288 Very Wide Level 0.003 X
Al13 0.861
Al5 0.734
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Al8 2,453
Al9 0.422
A20 3,885
A21 1,317
A22p 0.903
A25p 0.574
Al 0.618
A2 0.007
A4 3,317
A7 1,541
A8 1,024
A9 0.454 1,057 On a Broad Level 0.005 Xl
Al0 1,794
All 1,716
Al4 0.780
Al6 2,418
A24 3,037

Data from calculating the effect size value of the influence of the project-based learning model on aspects
of knowledge based on class level were calculated for class X and class XI. There are 11 articles discussing class
X and 11 articles discussing class XI. The results of calculating the effect size values can be seen in Table 5
above. In the table it can be seen that the average effect size value is 1,288 for class X and 1,057 for class Based
on the results of hypothesis testing from each class level, it shows that both class levels show an influence on
learning outcomes in aspects of students' knowledge. Hypothesis test data for class X and class XI shows that the
p value for class significant positive influence for both class X and class XI students. The project-based learning
model can be used to increase the level of physics knowledge.

The fourth result of this meta-analysis research is the influence of the project-based learning model on
students' critical thinking skills at class level, namely class X and class XI. This research data was obtained from
9 similar articles, of which there were 6 articles for class X and 3 articles for class XI. Data for calculating effect
size values can be seen in Table 5.

Table 5. Calculation Data on Effect Sizes on Critical Thinking Skills

Article Code Effect Size Yi Average Effect Size Category p Class
Al7 0.967
A22k 0.525
A23
0.506 0.454 At Intermediate Level 0.089 X
A25k 1,308
A26 0.728
A27 0.118
Al2 0.925
A28 2,242 1,058 On a Broad Level 0.001 X1
A29 0.643

The data listed in Table 5 above shows the results of calculating the effect size value of the project-based
learning model on critical thinking skills at grade level. This data was obtained through calculating the effect
size of 9 articles, of which 6 articles were for class X data and 3 articles were for class XI data. Based on the data
in Table 5, it can be seen that the calculation results of the effect size values in classes X and Apart from
calculating the effect size value, a hypothesis test was also carried out. Hypothesis testing data obtained a p value
for class Hypothesis test data for class.

B. Discussion

This research was conducted to see the size of the effect of the project-based learning model on aspects of
students' knowledge and critical thinking skills in physics, as well as on the moderator variables that have been
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determined.The first research results relate to the influence of the project-based learning model on aspects of
student knowledge. Based on the results of hypothesis testing, it shows that there is a positive and significant
influence between the project-based learning model on aspects of students' physics knowledge. The effect size
results show that the project-based learning model provides effects that are categorized at a very good level. The
project-based learning model has an impact on aspects of students' knowledge, and is effectively used in the
physics learning process. These results are supported by research[19], The knowledge of students in classes that
apply project-based learning is higher than the knowledge in classes that do not apply the project-based learning
model. This project-based learning model provides a significant positive influence on learning outcomes in
aspects of students' knowledge.

The second result discusses the influence of the project-based learning model applied in learning on
students' critical thinking skills. Referring to research data, it shows that there is an influence of the project-
based learning model on students' critical thinking skills, where if seen from the research results, the effect size
values obtained from several of these articles are included in the middle level category. This shows that there is a
positive influence between the project-based learning model and students' critical thinking skills. These results
are also strengthened by research[20], where the results of data analysis show that the implementation of the
project-based learning model has an influence on students' critical thinking skills, the influence on students'
critical thinking skills is higher in the implementation of PjBL compared to conventional classes. Based on
several research results that have been carried out previously, it supports the results of hypothesis testing carried
out by researchers in this study, where there is a significant positive influence of the project-based learning
model on students’ physics critical thinking skills.

The third research result is regarding the influence of the project-based learning model on aspects of
student knowledge at grade level. Based on the test results of the third hypothesis, it shows that the class levels
studied, namely Class X and Class XI, show a significant positive influence between the project-based learning
model and learning outcomes in aspects of student knowledge. The effect size of the class level shows that class
X has a greater effect on aspects of students' knowledge where the effect size category obtained from class This
means that based on the results of the analysis of several journals in this research, the project-based learning
model is suitable for class X and XI students. A similar thing was also stated by[21], the project-based learning
model is an alternative in developing critical thinking skills and improving learning outcomes in the knowledge
aspect of class X students in high school. The results of this researcher's research are strongly supported by the
results of research from previous researchers that the project-based learning model has a significant positive
effect on class X and class XI.

The results of further research are the influence of the project-based learning model on critical thinking
skills at grade level. Guided by the results of testing the fourth hypothesis, it can be seen that the project-based
learning model has a significant influence on students' critical thinking skills in class X1 critical thinking skills
effect size, where the effect size values obtained belong to categories at a broad level. The data for class The
results of hypothesis testing are in line with Piaget's theory which states that cognitive development is closely
related to a person's physical maturity, because the older a person gets, the better their way of thinking will
be.[22]. Based on theory and the results of this research, it strengthens the results of research conducted by
researchers where the older a person gets, the more their critical thinking skills develop.

The research that has been conducted has several limitations in its implementation. It is hoped that
limitations that occur during the research process will become experiences and lessons for the future. The
following are several limitations in this research:

First, the articles analyzed in this research were only limited to 29 articles, of which 22 articles were found
that discussed the influence of the project-based learning model on learning outcomes in the knowledge aspect,
and 9 articles discussed the influence of the project-based learning model on students' critical thinking skills. The
articles used are national articles and international articles. An alternative solution to overcome this problem is to
look for other articles that discuss project-based learning models on more aspects of student knowledge and
critical thinking skills and are no longer focused on the high school level alone.

The two project-based learning models on aspects of student knowledge and students' critical thinking
skills based on class level only research at 2 class levels, namely class X and This is also one of the limitations of
this research, where the research was only carried out at 2 grade levels. An alternative solution to this problem is
that researchers should be able to find more articles related to this research, especially for the variable of critical
thinking skills in students.

Third, the skills aspect analyzed in this research includes only two aspects, namely the knowledge aspect
and the critical thinking skills aspect only. This is because there are difficulties in finding articles that analyze
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other aspects of skills and limited time in analyzing articles. Alternative solutions for researchers should be
designed as well as possible before conducting research so that the research produces perfect results.

Fourth, the moderator variables examined in this study are only limited to grade level. This is because it is
difficult to find articles with moderator variables that vary quite a lot. Examples of other moderator variables that
can be used include education level, learning materials, media used in learning, etc. The alternative solution to
this problem is the same as the solution to the previous problems, namely by finding more articles that are
appropriate to the research topic that will be carried out, so that the results of the research carried out are more
optimal and more perfect than previous research.

IV. CONCLUSION

Referring to the results of this meta-analysis research, several research conclusions can be drawn. The first
conclusion is that the project-based learning model provides a significant positive influence both on the
knowledge aspect and on students' critical thinking skills. The effect size value for the knowledge aspect is
1,161, which is in the very good level category and the effect size value for critical thinking skills is obtained. a
value of 0.632 is in the middle level category. Second, the project-based learning model has a significant
influence on aspects of students' physics knowledge in class X and class broad level for class XI. The third
conclusion is that the project-based learning model does not have a significant positive influence on aspects of
students' physics critical thinking skills in class significant with a p value <a, and the obtained effect size value
of 1.058 is in the broad level category. Based on the research results that have been obtained, there are obstacles
faced when conducting research. The following are suggestions put forward by the author, first suggestion, meta-
analysis research should be carried out carefully and in detail. In order to minimize the occurrence of data bias.
The selection of articles should also be done carefully and the research summarized must be complete so that the
meta-analysis research carried out can be categorized as good. Second sugestion, sampling should be taken from
many sources of articles published online. The more samples used in research, the better the quality of the
research. Last suggestion, learning outcomes analyzed in research should not only be limited to aspects of
knowledge and critical thinking skills.
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