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Abstract
 

___________________________________________________________________ 

This research aims to see the effect of the project-based learning model assisted 

by STEM teaching materials on students' critical thinking skills. The type of 

research used is experimental research with pretest and posttest group design. 

The population and subjects in this research were 4th grade students at MI 

Ma'arif NU Tamansari, totaling 42 students, with details of 21 students as the 

experimental class and 21 students as the control class. The data collection 

technique was carried out by conducting a critical thinking skills test. The 

activity began with a pretest in both the experimental and control classes, then 

continued by giving treatment to the experimental class with a project-based 

learning model assisted by STEM teaching materials and the control class with 

a discovery learning model assisted by conventional teaching materials. The 

activity ended by conducting a posttest in both the experimental class and the 

control class. The results of the pretest and posttest data are then processed by 

carrying out normality tests and homogeneity tests as prerequisite tests. The 

results of the normality and homogeneity tests show that the data is normally 

and homogeneously distributed. Next, data analysis was carried out by making 

decisions using the paired sample t test and the independent t test. The results of 

the paired sample t test and the independent sample t test show a significance 

value of 0.000 < 0.05 so it can be interpreted that the use of the project-based 

learning model assisted by STEM teaching materials and the discovery learning 

model assisted by conventional teaching materials has an influence and 

difference in the average skill results. students' critical thinking. The posttest 

results in the experimental class averaged 86.95 > 65.71 compared to the average 

posttest results in the control class so it can be concluded that the use of the 

project-based learning model assisted by STEM teaching materials has a more 

significant effect on students' critical thinking skills. 
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INTRODUCTION 

 

The current national development priority 

is to create a society with noble, moral, ethical, 

cultured and civilized society based on the 

Pancasila philosophy (Vhalery et al., 2022). One 

effort to make this happen is by strengthening 

national identity and character through education 

. Education in the sense that includes all the 

actions and efforts of the older generation to 

transfer their knowledge, experience, abilities and 

skills to the younger generation in an effort to 

prepare them so they can fulfill their life functions 

both physically and spiritually (Pratama et al., 

2022). Education is a determining factor in the 

progress and development of society. Education 

is one way for humans to survive in order to adapt 

to the rapidly changing times (Widiyawati et al., 

2021). Every individual has the right to get a 

decent education. To achieve these educational 

goals, an intermediary tool is needed, namely a 

curriculum. The independent curriculum is an 

idea in the transformation of Indonesian 

education to produce superior future generations 

(Septia & Raharjo, 2024). 

The PjBL (Project Based Learning) 

learning model is one of the learning models 

recommended for use in the independent 

curriculum in order to strengthen the profile of 

Pancasila students (H. Fitri et al., 2018). 

According to Zubaidah, as quoted by Fitri & 

Dasna, (2018) stated that Project Based Learning 

is an ideal learning model for achieving 21st 

century educational goals, because it involves the 

principles of critical thinking, communication, 

collaboration and creativity (Kurniawan et al., 

2023). In line with this, Hakkinen said that PjBL 

is an effective way to develop the skills needed in 

the 21st century, by emphasizing critical thinking 

processes as well as problem solving, 

interpersonal communication, information and 

media literacy, cooperation, leadership and 

working in team, innovation and creativity 

(Almulla, 2020). PjBL is a learning model that 

involves students in designing, creating and 

displaying products that are used to solve real 

world problems (Astri et al., 2022). The PjBL 

concept involves two or more teachers 

collaborating at a certain level when planning, 

implementing and evaluating learning which 

primarily involves exchanging expertise and 

reflective discussions (Siboro et al., 2022). In 

Project-based learning (PjBL) students are free to 

learn by integrating various scientific fields to 

explore (Rahmawati et al., 2022). It is hoped that 

this freedom will make students more motivated 

to explore themselves through project activities 

because there are no rigid rules like conventional 

learning. Teachers have an important role in 

implementing PjBL because here the teacher will 

guide and guide students so that they can increase 

creativity and think critically about the 

surrounding environment (Atiaturrahmaniah et 

al., 2022).  

Critical thinking is the ability that every 

person has to analyze ideas or ideas in a more 

specific direction to obtain relevant knowledge 

and involves evaluation as a reflection in decision 

making (Afifah et al., 2019). The purpose of 

critical thinking is to test an opinion or idea, 

including thinking based on the opinion put 

forward so that students are able to create an 

active and meaningful learning process. Low 

critical thinking skills have an impact on students' 

cognitive abilities and the subsequent learning 

process (I. A. Fitri et al., 2022). The higher the 

cognitive level of material, the more difficult it 

will be for students to understand the material if 

their critical thinking skills are low. Apart from 

these difficulties, it also results in learning 

outcomes automatically being low, because the 

basic skills in implementing learning have not 

been mastered by students (Lestari et al., 2018). 

For this reason, a learning model is needed that 

can train critical thinking skills, one of which is a 

project based learning model assisted by STEM 

teaching materials (Arrohman et al., 2022). 

The STEM learning model is an acronym 

for science, technology, engineering and 

mathematics, first launched by the United States 

National Science Foundation in the 1990s as a 

technique, formation in these four disciplines to 

foster work techniques in STEM fields (Izzah et 

al., 2020). STEM learning is able to motivate 

students to think critically regarding solving 

problems in a given learning project so that there 
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is an increase in students' critical thinking skills 

(Saw et al., 2019). A contextual approach to 

learning can lead to the development of students' 

conceptual mastery, process skills, problem 

solving skills, scientific attitudes and critical 

thinking skills (Lestari et al., 2018). The 

application of the STEM approach to science 

learning can be implemented by integrating 

STEM subjects (Sarwi et al., 2021). The 

application of this learning can be done by 

studying the process of making a product with 

scientific concepts (Zunanda & Sinulingga, 

2015). STEM-based teaching materials can be 

used as an alternative learning material for 

environmental conservation efforts (Pratama et 

al., 2022). 

The results of observations and interviews 

conducted by researchers at Madrasah Ibtidaiyah 

Ma'arif NU Tamansari, Karanglewas District, 

Banyumas Regency, found several problems that 

occurred in the classroom so that learning did not 

run optimally. Students experience several 

difficulties in understanding science lesson 

content. This is because the learning model used 

by teachers is less innovative. The learning 

process is still teacher-centered, so students are 

not actively involved in the learning process. The 

implementation of the teaching and learning 

process by teachers tends to use the direct 

instruction (DI) model. The teacher delivers the 

material by explaining it directly in front of the 

class, then the students pay attention to the 

teacher's explanation. Next, the learning 

activities continue with assignments in the 

student book. Students are not fully involved in 

learning and have not been trained to make 

appropriate decisions and think critically. It can 

be explained that the results of these observations 

and interviews show several obstacles that must 

be overcome immediately because if this 

continues, it will make students only recipients of 

information, making students' thinking skills low 

or in other words, learning will feel less 

meaningful. 

The problems that arise are related to the 

learning process which is still monotonous due to 

inappropriate and less innovative learning 

models. This problem requires further research to 

overcome it (Zunanda & Sinulingga, 2015).  

Based on the explanation above, researchers took 

a solution by implementing a project based 

learning (PjBL) model assisted by STEM 

teaching materials to overcome the lack of critical 

thinking skills in science learning. The 

formulation of the problem in this research is to 

determine the effect of the project based learning 

model assisted by STEM teaching materials on 

students' critical thinking skills. 

 

METHOD 

 

The type of research carried out was a 

pretest posttest group design (Wahyudin, 2015). 

This type of research is used to determine the 

effect of the project based learning (PjBL) 

learning model on students' critical thinking 

skills. The research design used was to provide 

project based learning model treatment assisted 

by STEM teaching materials (X) in the 

experimental class, while the control class was 

treated with discovery learning assisted by 

conventional teaching materials (Y). 

 

Table 1. Research design 

Class Pretest Treatment Posttest 

Experiment O1 X O2 

Control O3 Y O4 

 

The population in this study were grade 4 

students at SD/MI in Karanglewas sub-district, 

Banyumas district. The subjects in this research 

were 42 students in class 4 MI Ma'arif NU 

Tamansari, with details of 21 students in the 

experimental class and 21 students in the control 

class. The data collection technique used was 

conducting a critical thinking skills test. The 

pretest and posttest results of critical thinking 

skills in the experimental and control classes were 

tested prerequisites with normality and 

homogeneity tests. Data analysis and decision 

making were carried out by conducting paired 

sample t tests and independent sample t tests. 

 

RESULTS AND DISCUSSION 
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This research was conducted at MI Ma'arif 

NU Tamansari on class 4A students as the 

experimental class and class 4B students as the 

control class. Learning in the experimental class 

uses a project based learning model assisted by 

STEM teaching materials and in the control class 

uses a discovery learning model assisted by 

conventional teaching materials. This research 

aims to see the difference in improving critical 

thinking skills with the project based learning 

model assisted by STEM teaching materials. The 

following are the results of the pretest and posttest 

in the experimental class and control class. 

 

Table 2. Result Pretest and Posttest 

Statistics 
Experiment Control 

Pre Post Pre Post 

Responden 21 21 21 21 

Mean 52.10 86.95 53.52 65.71 

Std. Error of 

Mean 
1.23 1.34 1.15 1.53 

Median 54.00 86.00 54.00 66.00 

Mode 54 92 56 61 

Std. 

Deviation 
5.60 6.11 5.29 7.01 

Variance 31.39 37.35 27.96 49.21 

Range 22 24 20 24 

Minimum 42 76 44 55 

Maximum 64 100 64 79 

Sum 1094 1826 1124 1380 

 

Based on the table above, it can be seen 

that the results of descriptive statistical analysis 

show that the experimental class pretest has an 

average of 52.10, the smallest value is 42, and the 

largest value is 64. Meanwhile, the experimental 

class posttest has an average of 86.95, the value 

The smallest value is 76, and the largest value is 

100. The results of the pretest descriptive 

statistical analysis in the control class have an 

average value of 53.52, the smallest value is 44, 

and the largest value is 64. Meanwhile, the results 

of the posttest analysis have an average value of 

65 .71, the smallest value is 55, and the largest 

value is 79. 

The pretest and posttest data obtained were 

then carried out prerequisite tests by carrying out 

normality tests and homogeneity tests. The 

following are the results of the normality test and 

homogeneity test carried out by researchers. 

 

Table 3. Normality Test Results 

Variable Class 
Shapiro-Wilk 

Sig. 

Critical 

thinking 

Pre Exp 0.204 

Post Exp 0.089 

Pre Con 0.710 

Post Con 0.386 

 

Based on the table of normality test results 

above, it can be seen that the significance value in 

the experimental class, the pretest received a 

value of 0.204>0.05 and the posttest received a 

value of 0.089>0.05, whereas in the control class, 

the pretest received a value of 0.710>0.05 and in 

the posttest gets a value of 0.386>0.05, it can be 

concluded that the residual value is normally 

distributed. 

 

Table 4. Homogeneity Test Results 

Variable Homogenity Sig. 

Critical 

Thinking 

Based on 

Mean 
0.289 

Based on 

Median 
0.291 

Based on 

Median and 

with adjusted 

df 

0.291 

Based on 

trimmed 

mean 

0.285 

 

Based on the homogeneity test results 

above, it can be seen that the significance value 

based on mean is 0.289>0.05, so it can be 

concluded that the data test results are 

homogeneous. 

The results of these prerequisite tests are 

the basis for researchers to draw conclusions by 

conducting paired sample t tests and independent 

sample t tests. The paired sample t test was used 

to see the differences or influence of the project 

based learning model assisted by STEM teaching 
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materials on improving students' critical thinking 

skills. The following are the results of the paired 

sample t test that was carried out by the 

researcher. 

 

Table 5. Paired Sample T Test Results 

Variable 
Mea

n 
SD T Sig. 

Critical 

Thinking 

Pre 

Exs 
52.10 5,60 

-21.28 
0.0

0 
Pos

t 

Exs 

86.95 6.11 

Pre 

Co

n 

53.52 5.28 

-8.37 
0.0

0 
Pos

t 

Co

n 

65.71 7.01 

 

Based on the results of the paired sample t 

test above, it can be seen that there has been an 

increase in the average results of critical thinking 

skills in both the experimental and control 

classes. In the experimental class the average 

pretest result obtained was 52.10 then increased 

in the posttest to 86.95. This shows an increase in 

students' critical thinking skills after receiving 

treatment with learning using a project based 

learning model assisted by STEM teaching 

materials. In the control class the average pretest 

result obtained was 53.52 then increased in the 

posttest to 65.71. This shows an increase in 

students' critical thinking skills after receiving 

treatment with discovery learning assisted by 

conventional teaching materials. The significance 

results obtained in both the experimental and 

control classes showed a value of 0.000 < 0.05, 

which means there was a difference in the 

increase in students' critical thinking skills. The 

existence of a greater difference in average results 

in the experimental class compared to the control 

class indicates that there is a greater difference or 

influence so it can be concluded that there is a 

significant influence of the use of the project 

based learning model assisted by STEM teaching 

materials on students' critical thinking skills. 

After carrying out the paired sample t test, 

the independent sample t test was then carried out 

with the aim of finding out whether there was a 

difference in the average results of students' 

critical thinking skills from two unpaired 

samples. The following are the results of the 

independent sample t-test which was carried out 

by the researcher. 

 

Table 6. Independent t test results 

Variable T Df Sig  

Critical 

Thinking 

Equal 

variances 

assumed 

10.46 40 0.00 

Equal 

variances 

not 

assumed 

10.46 39.26 0.00 

 

Based on the results of the independent 

sample t test on students' critical thinking skills in 

both the experimental and control classes, the 

results show a sig value (2-tailed) of 0.000 < 0.05, 

which means that there is a significant difference 

in the average results of critical thinking skills 

between the control and control classes. 

experimental class. This can be seen by the use of 

different treatments in the two classes, the 

experimental class uses the PjBL learning model 

assisted by STEM teaching materials while the 

control class uses the discovery learning model 

with conventional teaching materials. From the 

results of the explanation above, a decision can be 

taken that the use of the PjBL model assisted by 

STEM teaching materials is able to improve 

students' critical thinking skills. 

The results of the presentation of the paired 

sample t test and independent t test show 

significant results of critical thinking skills 

regarding the use of the PjBL model assisted by 

STEM teaching materials, the use of this model is 

able to achieve planned targets and build their 

own knowledge because learning becomes 

focused on independent learning activities with 

empirical projects through practical activities, 

interactive discussions, independent operations 

or teamwork. The use of a project-based model 

can focus on student activities in the form of 
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collecting information and using it to produce a 

product that is useful for students' lives 

(Agussuryani et al., 2022). The learning applied 

in the experimental class makes students able to 

make decisions about the learning framework, 

after that students discuss solutions to the 

problems that have been obtained, after 

discussion students divide parts of the task to 

group members to complete the project that has 

been designed, after The students evaluate the 

products that have been made. The learning 

process makes students more enthusiastic about 

learning because students enjoy experiencing 

learning and getting aspirations from their 

curiosity (Mohd Najib et al., 2020). The PjBL 

model assisted by STEM teaching materials is a 

learning method that uses problems as the first 

step in collecting and integrating new knowledge 

based on experience in real activities (Benjamin 

et al., 2017). In STEM integration, students are 

trained to learn to connect the learning process 

between science learning integrated with 

technology and then creating projects and 

connecting them with mathematics learning 

(Sarwi et al., 2020). 

Research on the influence of learning 

models has been carried out by several previous 

researchers. This is based on research conducted 

by Afifah et al., (2019) which explored a STEM-

based project based learning model to improve 

students' mastery of concepts and critical thinking 

skills. The research results concluded that the 

STEM-based PjBL model can increase mastery of 

concepts and improve critical thinking skills. 

Another research conducted by 

Atiaturrahmaniah et al., (2022) analyzed the role 

of the STEAM (science, technology, engineering, 

arts, and math) model in elementary school 

learning so that students are able to think 

critically and increase scientific literacy. STEAM 

learning is useful for improving students' abilities 

in critical thinking and scientific literacy so that 

students are better able to develop their own 

competencies (Suryandari et al., 2018). 

Furthermore, there was research conducted by 

Rahmawati et al., (2022) which explored the 

implementation of STEM in improving 

mathematical critical and creative thinking 

abilities with the research results providing 

information that the STEM approach had a 

positive influence on increasing students' 

mathematical creative thinking and critical 

thinking abilities. Likewise, research conducted 

by Khairani et al., (2022) explored the influence 

of the project based learning model on students' 

critical thinking and communication skills. The 

results of the research show that the average value 

of critical thinking and communication skills for 

students who carry out learning using the project 

based learning model is higher than conventional 

learning. Another research conducted by Siboro 

(2022) explored the influence of the project based 

learning model assisted by quiziz media on 

students' critical thinking abilities.  The results of 

his research show that there is a significant 

influence using the PjBL model assisted by quiziz 

media on students' critical thinking abilities 

(Kusumaningrum & Djukri, 2016). 

The PjBL learning model is a learning 

process that uses projects or activities as its goal. 

Project-based learning takes the form of activities 

to collect information and use it to produce 

something that is useful for the students' own 

lives and for others (Arfianawai et al., 2016). The 

advantage of the PjBL model is that it provides 

special experiences for students because it 

involves students, this will give a special 

impression to students so that it will be easier to 

remember when studying. Based on the 

explanation above, it can be concluded that there 

is a difference in increasing the critical thinking 

skills of experimental class students in cognitive 

knowledge who apply the PjBL learning model 

assisted by STEM teaching materials compared 

to the control class taught by discovery learning 

and conventional teaching materials. The PjBL 

model is an innovative learning model that plans 

contextual learning through complex activities 

such as giving students freedom to explore, plan 

learning activities, carry out projects 

collaboratively, and ultimately produce products, 

meaning that there needs to be encouragement to 

stimulate children to create learning products. so 

that students can more easily accept lessons. 

 

CONCLUSION  
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The results of the pretest and posttest 

carried out in the experimental class and control 

class showed that there was an increase in the 

average results of students' critical thinking skills. 

In the experimental class, which was initially 

52.10, it increased to 86.95 after being treated 

with a project based learning model assisted by 

STEM teaching materials. In the control class, 

which was initially 53.52, it increased to 65.71 

after being treated with the discovery learning 

model assisted by conventional teaching 

materials. The results of the analysis of the paired 

sample t test and the independent t test show a 

significance value of 0.000 < 0.05 which can be 

interpreted that there is a difference or influence 

and difference in the average results of students' 

critical thinking skills so that it can be interpreted 

that the use of the project based learning model is 

assisted by teaching materials. STEM and 

discovery learning models assisted by 

conventional teaching materials influence 

students' critical thinking skills.  The larger 

difference between the posttest results in the 

experimental class and the control class shows 

that the use of the project based learning model 

has a significant effect on students' critical 

thinking skills. 
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