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 One of the primary purposes of physics education is to help students develop 
critical thinking abilities to solve everyday situations. The purpose of this 

research is to investigate the impact of STEM education using PhET 

simulation on students' critical thinking skills. A pre-experimental approach 

with a one-group pre-test post-test design was used in this study. There were 

no control or comparator groups in this study, which was done in a single 

group. This study was carried out in a high school in Makassar during the 

even semester of the 2020/2021 academic year. The research population 

consisted of 110 students separated into three classes. Using a simple random 

sampling technique, a sample of 37 students from class XI IPA2 was chosen. 

The results revealed a significant increase in students' critical thinking skill 

scores after the implementation of STEM Education using PhET simulation. 
The students’ pre-test means score in linear motion material is 68.18, and it 

increased (N gain = 0.45) after STEM education through PhET simulation is 

applied. Likewise, the students' pre-test means score in Newton's Law 

material was 66.33 and rose significantly to 81.96 (N gain = 0.46) in the post-

test. Therefore, this study concludes that STEM education through PhET 

simulations can improve students' critical thinking skills in both linear motion 

and Newton's laws materials. This study has implications, especially for 

physics teachers in improving students' critical thinking skills by using STEM 

education through PhET simulations. 
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INTRODUCTION  

One of the primary purposes of science 

education is to prepare students to think 

critically while solving problems (Bancong 

& Song, 2020; Changwong et al., 2018). 

Critical thinking is important for students 

since it helps them to solve issues rationally 

in a variety of cases (Basri et al., 2019; 

Changwong et al., 2018) and make 

judgments based on relevant information and 

facts (Tanti et al., 2021). Critical thinking in 

the context of learning can provide 

opportunities for teachers to find out how far 

their students can ask questions and make 

reasonings (Labibah et al., 2021), and 

therefore critical thinking is one of the 

indicators that can help to enhance 

educational quality (Dekker, 2020; Duncan 

et al., 2018; Lee, 2018). Critical thinking 

skills refer to the ability to analyze, evaluate, 

and reconstruct information to make 

decisions and follow up on them (Labibah et 

al., 2021; Mahanal et al., 2019). This means 

that when critical thinking skills are applied 

in the classroom, students must critically 

analyze problems, evaluate solutions, and 

process information properly to make 

reasonable decisions in solving problems. 

Critical thinking, according to Padmanabha 

(2018), may be defined analytically as a 
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logical discourse with rigorous and complete 

investigation and approach. As critical 

thinking abilities can assist students in 

efficiently dealing with challenges, they can 

be included in the learning process through 

activities and simulations (Dekker, 2020; 

Putranta et al., 2019).  

The results of our observations in one high 

school in Makassar found that students' 

critical thinking abilities remained low. The 

results of our pre-test revealed that the 

students' critical thinking average scores in 

linear motion material were 68.18, while in 

Newton's law material, students' critical 

thinking score was 66.33. Several previous 

studies have also revealed that critical 

thinking skills among students in several 

Indonesian schools are inadequate (Permana 

et al., 2021; Syawaludin et al., 2019; 

Wilujeng & Hidayatullah, 2021). The ability 

to argue, the ability to judge inference, and 

the ability to make decisions are three 

indicators of critical thinking that remain low 

(Syawaludin et al., 2019). Students' low 

critical thinking skills were caused by less 

optimal learning strategies, models, and 

methods (Bustami et al., 2018; Hand et al., 

2018; Linh et al., 2019). Consequently, a 

learning model or strategy that may help 

pupils enhance their critical thinking abilities 

is unquestionably required. 

In the last four years, several studies have 

been conducted to investigate the impact of 

various models and strategies on improving 

students' critical thinking skills. For instance, 

Suyanto et al. (2021) employed a guided 

inquiry-based practicum approach on heat-

electric energy conversion material to help 

students improve critical thinking skills. 

They stated that the practicum technique, 

which employs a guided inquiry paradigm, 

can enhance scientific behavior by 

strengthening students' critical thinking 

abilities (Suyanto et al., 2021). Besides, 

considering the significance of critical 

thinking abilities and the need for active 

learning by associating learning materials 

with real-world situations, Bustami et al. 

(2018) used the Contextual Teaching and 

Learning (CTL) model to help students 

enhance their critical thinking abilities. Hand 

et al. (2018)  confirmed that teaching science 

in schools using the Science Writing 

Heuristic (SWH) approach could boost 

critical thinking skills. Tanti et al. (2021) also 

used the question-and-answer method to get 

students used to express their thoughts in 

each lesson, which helps them enhance their 

critical thinking skills. Interactive 

multimedia in physics learning was 

developed by Syawaludin et al. (2019) and 

Labibah et al. (2021). They both concluded 

that android-based learning media could help 

students improve their critical thinking skills 

in physics class. 

A few studies have also shown that 

Science, Technology, Engineering, and 

Mathematics (STEM) education can improve 

students' critical thinking skills. For example, 

Yusuf and Widyaningsih (2019) and Perkins 

(2020) claimed that the use of STEM 

learning in the classroom could develop 

students' Higher Order Thinking Skills 

(HOTS) abilities. STEM education can be 

used to address issues that arise daily in the 

classroom, resulting in more effective 

learning (Alatas & Yakin, 2021). STEM 

education is delivered through active 

learning approaches that emphasize 

argumentation, cooperation, and problem-

solving to increase students' skills while also 

preparing them for critical thinking (Jatmika 

et al., 2020; Yulkifli et al., 2022). STEM 

education, which has grown in popularity in 

the United States, was introduced in several 

countries in the early 2010s and drew 

considerable attention in the context of 

workforce development in science and 

engineering (Matsuura & Nakamura, 2021). 

Since the integration of subjects through the 

STEM approach is introduced, students' 

perceptions of careers in science and 

engineering have been more positive 

(Matsuura & Nakamura, 2021). Several 

researchers (e.g., Khatri et al., 2017) have 

developed teaching strategies and materials 

for STEM teaching in universities. 
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Nevertheless, schools faced some 

challenges in implementing STEM 

Education, including time management, 

limited equipment resources, and the Covid-

19 pandemic. Teachers often try to 

implement STEM education within a two-

hour timeframe. This limited-time can 

encounter frustration for both teachers and 

students as they are not able to complete the 

lesson (Linh et al., 2019). In addition, STEM 

education is an effort to encourage students 

to be actively involved in STEM practices 

and develop thinking habits like what 

scientists do (Perkins, 2020). Scientists 

conduct observations, formulate research 

questions, make predictions, and design and 

carry out experiments (Bancong & Putra, 

2015). In addition, amid the threat of the 

pandemic, students and teachers are required 

to be able to face and adapt to online learning 

(Alea et al., 2020). The online learning 

process will be more effective when using an 

approach that supports the use of technology 

in carrying out learning (Permana et al., 

2021; Safarati & Lubis, 2022). 

Thus, the application of STEM education 

with PhET simulation is expected to be an 

effective solution to the problems of this 

study. Putranta et al. (2019) have shown that 

students become more enthusiastic and 

challenged to learn physics material because 

the PhET simulation is easy to operate and 

can be used anytime by using a smartphone, 

PC, or laptop. Virtual laboratories (PhET 

Simulation) can overcome the shortcomings 

observed in real laboratories. As they are 

allowed to behave as scientists in virtual 

laboratories, students can get meaning from 

their activities. A virtual laboratory is a 

simulation-based laboratory in which 

students manipulate objects and variables on 

a computer to complete experiments (Chen et 

al., 2014; Safarati & Lubis, 2022). Such 

laboratories are safer, cost-effective,  clean, 

flexible, and time-efficient than physical 

experiments (Papadouris & Constantinou, 

2009). During the epidemic, when some 

schools are obliged to provide classes online, 

virtual simulations are incredibly efficient. 

The novelty of this study is the use of a PhET 

simulation in conjunction with STEM 

education to improve students' critical 

thinking skills in a high school in Makassar.  

The goal of this study was to see how 

STEM education through PhET simulation 

affected students' critical thinking skills. The 

problem is formulated as follows: 1) What is 

the level of students' critical thinking skills 

on each indicator after STEM education is 

implemented through PhET simulation?; 2) 

Is there any significant improvement in 

students’ critical thinking skills after being 

taught using STEM education through PhET 

simulations? 

 

METHODS  

A pre-experimental research approach 

with a one-group pre-test post-test design 

was adopted in this study. There was no 

control or comparison group in this research, 

which was done in a single group. The 

researcher used this design due to the 

difficulty of determining the research 

subjects because the students' abilities were 

not homogeneous, so it was difficult to 

determine the comparison group. The design 

of this study depicts the comparison between 

the results obtained by the research subjects 

after and before being given treatment. This 

design is generally used to determine the 

effect of a treatment on the variables studied.  

This design has one group that received a 

pre-test (O), treatment (X), and post-test. The 

treatment's effect was measured by 

comparing pre-test and post-test scores. 

Figure 1 below shows the research design 

used: 

 

O1 X O2 
 

Figure 1. Pre-test and post-test research designs 

 

This research was carried out at a 

Makassar City high school during the even 

semester of the 2020/2021 academic 

calendar. The research population was 110 

students of class XI science, which were 

divided into three classes. By using simple 
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random sampling, Class XI IPA2, which 

consisted of 37 students, was selected as the 

research sample. The average age of students 

was 16-17 years. 

To collect data on students' critical 

thinking abilities, a test was developed by the 

research team through physics materials. The 

critical thinking skills test incorporates high-

level cognitive processes such as 

interpretation, analysis, and inference 

through scientific approaches to solve issues 

(Lee, 2018; Syawaludin et al., 2019; 

Wilujeng & Hidayatullah, 2021). Students 

must compose and state their responses in 

their terms for critical thinking assessments 

(Özkan & Özaslan, 2018). The test 

description was adapted from Pradana et al. 

(2017)'s research, which investigated the 

development of a critical thinking ability test 

using optical geometry material. In this 

study, the topics used were linear motion and 

Newton's laws. The total critical thinking 

skills test developed was 30 items, 5 items 

per indicator in each material. The study 

instrument's validity was determined using 

content validity. We voluntarily invited three 

experts to validate the instruments used in 

this study. Following a content validity test, 

the instrument was modified based on the 

opinions of experts. The instrument was 

changed twice before the experts approved it 

without further changes. Table 1 shows the 

critical thinking indicators in the description 

test. 

 
Table 1. Indicators of critical thinking skills and the  

number of tests in each indicator 
 

Material Critical thinking 

indicators 

Item numbers 

Linear 

Motion 

Interpretation 1, 2, 12, 22, 23 

Analysis 3, 13, 14, 24, 

30 

Inference 4, 5, 15, 16, 29 

Newton’s 

Law 

Interpretation 6, 7, 17, 25, 26 

Analysis 8, 9, 18, 19, 27 

Inference 10, 11, 20, 21, 

28 

 

The research procedure is divided into 4 

main parts. Firstly, the research subjects were 

given a pre-test to identify the level of their 

critical thinking abilities. After doing the pre-

test, students were given treatment, namely 

STEM education through PhET simulation 

on the materials of linear motion and 

Newton's law. The implementation of STEM 

education via PhET simulation was carried 

out in approximately 8 weeks. Third, 

following treatment, all students were given 

a post-test to measure their critical thinking 

abilities. Finally, data analysis was carried 

out by comparing the post-test and pre-test 

scores. Data analysis was carried out using 

SPSS software version 25. Figure 2 depicts 

the flowchart of the research procedure. 

 

 
 

Figure 2. The flowchart of the research procedure  

 

The data analysis involved descriptive and 

inferential statistics. The quantitative data 

obtained, or students' critical thinking skills 

test results were analyzed using SPSS 

version 25. Descriptive statistical analysis 

included maximum scores, minimum scores, 

mean scores, standard deviation, variance, 

and N-Gain. In addition, inferential analysis 

was used to examine the research hypotheses, 

and whether there was a significant 

difference in students' critical thinking skills 

after STEM education was applied through 

PhET simulation. The inferential analysis 

used was a paired sample T-test with the test 

criteria: if the significance value (p) obtained 

is < sig. (0.05) then the hypothesis is 

accepted, and if the significance value (p) 
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obtained > sig. (0.05) then the hypothesis is 

rejected. 

 

RESULTS AND DISCUSSION 

The results of this research demonstrated 

that once STEM education using PhET 

simulation was applied, students' critical 

thinking abilities improved. As can be seen in 

Table 2, the students’ pre-test means score on 

the linear motion material was 68.18 and it 

experienced an increase (N-gain = 0.45) after 

the treatment. Likewise, for Newton's Law 

material, the mean score of the student's pre-

test was 66.33 and increased significantly to 

81.96 after STEM education was applied (N 

gain = 0.46). Table 2 summarizes the 

findings of a descriptive analysis of 

participants' critical thinking abilities scores 

during the implementation of STEM 

education using PhET simulation. 

 
Table 2. Analysis of participants’ critical thinking 

scores before and after the implementation of 

STEM education through PhET simulation. 
 

Indicator 
Linear motion Newton’s law 

Pre-test Post-test Pre-test Post-test 

Maximum 75.76 92.80 83.71 92.80 

Minimum 55.68 65.91 54.55 70.45 

Mean 68.18 82.32 66.33 81.96 

Std. 

Deviation 
5.62 7.59 7.17 6.32 

Variance 31.53 57.58 51.44 39.92 

N-Gain 0.45 0.46 

 

As mentioned earlier, three indicators 

were employed in this study to assess 

students' critical thinking abilities: 

interpretation, analysis, and inference. 

Statistical analysis revealed that there was an 

improvement in students' critical thinking 

skills for each indicator following the 

introduction of STEM education through 

PhET simulation in teaching linear motion 

material. The students’ scores in the 

interpretation indicator, as presented in 

Figure 3, went up significantly from 70.95 to 

85.47. The same applied to the other two 

indicators, where the improvement reached 

13.02 and 14.87 points, respectively. 

 

 
Figure 3. Students’ critical thinking scores for each 

indicator in linear motion material 

 

Similarly, data analysis demonstrated that 

students' scores in the three indicators of 

critical thinking skills increased significantly 

in Newton's law subject (see figure 4). The 

highest improvement obtained by the 

students was in the interpretation indicator 

namely 15.88 points, as the score increased 

from 70.61 to 86.49. Meanwhile, the 

indicator that experienced the lowest 

improvement was the analysis indicator, 

where students only scored 62.16 on the pre-

test and 78.99 on the post-test. 

 

 
Figure 4. Students’ critical thinking scores for each 

indicator in Newton’s Law material 
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These results were like those in linear 

motion material. Finally, in the inference 

indicator, students' critical thinking skills 

increased by 13.92 points, where the post-test 

score was 80.41 and the pre-test was 66.22. 

The paired sample T-test is utilized to 

answer the second study question, which is 

whether or not there is a significant 

difference in students' critical thinking skills 

when STEM Education is implemented 

through PhET simulation. The results of the 

analysis are reported in Figure 5. 

 

 
Figure 5. Results of data analysis using the paired 

samples T-test in linear motion material 

 

As shown in Figure 5, there is a 

statistically significant difference in the 

scores of students' critical thinking abilities 

before and after the application of STEM 

education through PhET simulation at a 

significance level of 0.05 (t = -13,846; p = 

0.000). The results of this data analysis 

revealed that the difference between the 

mean scores of students' critical thinking 

skills on the pre-test (N = 37; M = 68.18; SD 

= 5.62) and post-test (N = 37; M = 82.32; SD 

= 7.59) was statistically significant.  

Furthermore, the results of data analysis 

using paired samples T-Test on Newton's law 

material also showed that there was a 

statistically significant difference in students' 

critical thinking abilities scores before and 

after the implementation of STEM education 

through PhET simulation. Figure 6 showed 

that the significance value (p = 0.000) 

obtained is < 0.05, which means that the 

average score of students' critical thinking 

skills in the pre-test (N = 37; M = 66.33; SD 

= 7.17) and post-test (N = 37; M = 81.96; SD 

= 6.32) was statistically significant. 

 
Figure 6. Results of data analysis using the paired 

samples T-test in Newton’s law material 

 

The findings of this study suggest that 

using STEM education through PhET 

simulations can help students enhance their 

critical thinking skills. As previously stated, 

when STEM education was combined with 

PhET simulation on straight-motion material, 

the average score of students' critical 

thinking skills increased from 68.18 to 82.32. 

Similarly, for Newton's Law topic, the 

average pre-test score of the students was 

66.33, which considerably increased to 

81.96. Data analysis using the Paired Sample 

T-Test produced a significant value (p = 

0.000) of 0.05 for both straight motion and 

Newton's laws. This suggests that there is a 

statistically significant difference in the 

critical thinking skills of students before and 

after the implementation of STEM education 

with PhET simulation. 

The implementation of the STEM 

education approach was integrated with a 

problem-based learning model in this study. 

As a result, the learning syntax follows a 

problem-based learning model and is 

integrated with STEM. The STEM aspects 

are stressed in each learning session. The use 

of PhET simulation was carried out during 

the investigation's guidance stage. Students 

conduct experiments using PhET simulations 

and answer questions on student worksheets 

at this stage. They were then instructed to 

discuss the simulation experiment results 

with their group mates. At the stage of 

developing and presenting their work, each 

group communicates the results of their 

experiments with the other groups. 
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Discussions then ensued until they all 

concluded. 

Based on our observations during the 

study, students who received the PhET 

simulation STEM approach were more active 

and ambitious to learn physics. The relevant 

literature has claimed that STEM education 

focuses on the active involvement of students 

so that in learning, students collaborate, 

exchange opinions, and carry out scientific 

investigations using updated tools and 

technology (Kennedy & Odell, 2014). 

Furthermore, STEM education is particularly 

positioned to provide children with 

opportunities to build thinking skills, 

especially critical thinking skills (Alatas & 

Yakin, 2021). STEM education has evolved 

into a meta-discipline, focusing on 

innovation and applied methods in 

developing answers to complex contextual 

challenges in everyday life (Khatri et al., 

2017). Involving students in STEM 

education will be able to promote scientific 

inquiry and design technique processes from 

an early age (Jatmika et al., 2020; Yusuf & 

Widyaningsih, 2019). The main goal of 

STEM education in schools is to prepare 

students to continue their education at the 

university level and into the 21st-century 

workforce (Kennedy & Odell, 2014). 

The findings of this study are consistent 

with the findings of previous research by 

Yusuf and Widyaningsih (2019) which found 

that the use of STEM education with the help 

of computer simulations can improve the 

Higher Order Thinking Skills (HOTS) ability 

of prospective physics teachers at the 

University of Papua. They also reported that 

prospective physics teachers had a positive 

perception of STEM education learning 

(Yusuf & Widyaningsih, 2019). Therefore, 

STEM-based physics learning with the help 

of computer simulations will continue to be 

developed in various topics in Physics 

courses to improve the HOTS abilities of 

prospective physics teachers (Yusuf & 

Widyaningsih, 2019). 

The findings of this study are also 

corroborated by Agustina (2021), who finds 

that using STEM with the use of PhET 

simulation media on Hooke's law material 

can increase students' critical thinking skills. 

By using one group pretest-posttest design, 

Agustina (2021) obtained an N-gain of 0.56 

and it was included in the medium category. 

In other words, using STEM with the help of 

PhET simulation media can help students 

develop their critical thinking abilities in the 

medium category. The resulting N-gains in 

our results are only 0.45 and 0.46, 

respectively. The slightly lower N-gain 

obtained by us in comparison to Agustina's 

(2021) study was owing to the smaller 

number of research samples. In our study, 37 

pupils participated, whereas Agustina (2021) 

had only 10 students. With so many students, 

we couldn’t keep track of everything. As a 

result, with fewer students in the class, they 

have more opportunities to identify physics 

concepts on their own when completing 

practicals with PhET simulations. 

PhET simulations offer students a great 

opportunity to visualize physics concepts 

without having to purchase expensive 

physical equipment. Simulations are created 

in such a way that students can investigate 

physical laws such as Newton's second law 

or apply principles such as energy 

conservation to create the required tools 

(Perkins, 2020). The results of the research of 

Taibu et al. (2021) also concluded that the 

use of PhET simulations allows students to 

learn the necessary scientific abilities and can 

establish favorable attitudes toward physics. 

Another researcher, Putranta et al. (2019), 

discovered a significant boost in students' 

physics academic achievement after using 

the PhET simulation. In addition, students 

reported in informal interviews and 

responses in scientific publications that when 

PhET simulations were utilized in teaching, 

they obtained substantial learning 

experiences, which were distilled into three 

primary themes: Learning physics is 

enjoyable, learning physics is authentic, and 

learning physics is simple and 

straightforward (Perkins, 2020; Putranta et 

al., 2019). 
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Of course, with the shift from offline to 

online classes today as well as the practice of 

distance classroom learning, interactive 

simulations offer powerful pedagogical and 

flexible tools for teachers. Just like the 

scientists who build and expand their 

knowledge through experimentation, 

students can simultaneously build and 

expand their knowledge through exploration 

and discovery in interactive simulations 

(Perkins, 2020). Physics laboratories, 

according to Bancong and Putra (2015), are 

generally organized around five familiar 

steps: objectives, procedures, results, 

analysis, and conclusions. Unfortunately, this 

type of physics laboratory does not 

appropriately handle Bloom's cognitive 

taxonomy's last three steps, namely analysis, 

evaluation, and synthesis. Bancong and Song 

(2020) argued that if students carried out 

practicum in the traditional way, they were 

unable to respond to scientific inquiries, did 

not prioritize evidence, and did not develop 

evidence-based explanations. Then, the 

greatest solution to this problem is a virtual 

laboratory, which is a simulation-based 

laboratory in which learners manipulate 

objects and variables on a computer to 

conduct experiments (Chen et al., 2014) is 

the best answer to this problem. Such 

laboratories are safer, cleaner, more flexible, 

cost-effective, and time-efficient than 

physical experiments (Papadouris & 

Constantinou, 2009). During a pandemic, 

where some schools are teaching lectures 

online, virtual simulations are very effective. 

Thus, the results of this study can contribute 

to physics teachers as alternative learning to 

improve students' critical thinking skills 

using STEM education through PhET 

simulations. 

 

CONCLUSION AND SUGGESTION 

According to the study's findings, it can be 

concluded that the interpretation 

indicator has the greatest score on students' 

critical thinking, while the analysis indicator 

has the lowest score. Therefore, it is 

necessary to make efforts to improve 

students' analytical skills. This study also 

concludes that STEM Education through 

PhET simulation can improve students' 

critical thinking skills for both linear motion 

and Newton's laws materials. 

This study has a weakness which deals 

with the limited number of research subjects 

and the absence of a comparison class. 

Therefore, to support the results of this study, 

it is suggested that future research will 

conduct research with a larger number of 

subjects and involve a comparison class. 

Overall, the implementation of learning will 

be more optimal if STEM education is 

associated with a virtual laboratory that 

provides learning simulations (PhET) as a 

substitute for real physics laboratories in 

schools. 
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