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 Low student learning outcomes in static fluid topics highlight the need for innovative physics 

learning strategies. This study evaluates the effectiveness. of a cooperative learning model assisted 

by PhET simulations in improving outcomes. Using a one-group pretest-posttest design with a 

quantitative approach, the study involved 31 students from class XI A3 who were purposively 

selected. A multiple-choice test covering hydrostatic pressure, Pascal’s law, and Archimedes’ 

principle served as the primary instrument. Data were analyzed using the N-Gain test to measure 

improvement. Results showed an average score increase from 49.87 to 73.94, with an N-Gain of 

0.48 (moderate category). The findings suggest that cooperative learning supported by PhET 

simulations is pretty effective in enhancing student learning outcomes. This study implies that 

integrating collaborative learning with interactive simulations can be a promising innovation in 

physics education.  
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INTRODUCTION 

Physics is a branch of science that plays a vital role 

in shaping students’ understanding of natural phenomena 

and technology. One topic in physics that is often 

considered challenging by students is static fluids, which 

encompasses concepts such as pressure, Pascal’s law, and 

Archimedes’ principle (Lindgren & Johnson-Glenberg, 

2016; Chi et al., 1994; Al-Rahmi et al., 2022). Mastery of 

this topic is vital because it is not only relevant in the 

academic realm but also has widespread applications in 

everyday life, such as in engineering and healthcare 

(García-Peñalvo et al., 2021; García-Morales et al., 2023). 

However, many students struggle to understand these 

concepts, which impacts their learning outcomes 

(Henderson & Shipway, 2024; González & Smith, 2024). 

This highlights the need for learning models that can help 

visualize and understand concepts more concretely and 

meaningfully (Lee & Chen, 2024; Johnson et al., 2023). 

The cooperative learning model is considered a 

promising approach to address this issue. This model 

encourages student interaction through group work, 

discussion, and collaborative problem-solving (Dacre et al., 

2021; Gamage & Whiting, 2021). Such interactions 

enhance conceptual understanding and boost students’ 

learning motivation (Belz & Muller, 2003; Chapelle, 2003). 

Technologies like PhET Simulation have proven effective 

in helping students grasp abstract physics concepts through 

interactive visualization (Blaschke & Porto, 2014; Smith & 

MacGregor, 1992). Integrating cooperative models and 

PhET-based simulation media can potentially strengthen  

student engagement and improve learning outcomes (Zhu 

et al., 2023; Sánchez Milara & Cortés Orduña, 2024). 

Previous research has demonstrated the success of 

cooperative learning models and simulation media, but the 

results are inconsistent. Some studies report significant 

improvements in learning outcomes. In contrast, others find 

that effectiveness depends on factors such as the quality of 

group interactions, the duration of learning, and teachers’ 

readiness to use digital media (Freeman et al., 2014; 

Johnson et al., 2019). Johnson et al. (2007) emphasize the 

importance of designing tasks appropriately in cooperative 

learning to create positive impacts. On the other hand, 

Vosniadou (2000) and Brown et al. (2024) show that 

without proper management, even active learning models 

can fail to optimally improve learning outcomes. Therefore, 

further research is needed to investigate how integrating 

cooperative models and PhET simulations can impact 

student learning outcomes in static fluid materials. 

The novelty of this study lies in applying a 

cooperative learning model enriched with PhET 

simulations, specifically on static fluid materials, which has 

not been extensively researched (Dori & Belcher, 2005; 

Johnson et al., 2007). Previous studies by Dori & Belcher 

(2005) focused more on electromagnetism material, while 

García-Morales et al. (2023) investigated the effects of 

collaborative learning in the context of management and 

marketing. Alexander’s (2009) study demonstrated that 

group discussions can enhance conceptual understanding; 

however, it did not include simulation media as a 

supporting variable. Meanwhile, Zhu et al. (2023) reinforce 

the importance of knowledge synthesis in collaborative 

learning; however, they have not tested its effectiveness in 

the context of physics. Therefore, this study aims to 

evaluate the effectiveness of the cooperative learning 

model, supported by PhET simulations, in improving 

student learning outcomes in static fluid materials. It is 
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hoped that the findings of this study will contribute to the 

development of more effective and innovative physics 

learning strategies at the secondary school level. 

 

MATERIALS AND METHODS  

Time and Place  

This research was conducted in the even semester 

of the 2024/2025 academic year, namely from February to 

March 2025. It was conducted at one of the State Senior 

High Schools, 7 Mataram, in the XI MIPA class. The 

location was selected based on the availability of ICT-based 

learning tools and the school’s willingness to be a research 

partner (Cohen et al., 2018). 

Research Design  

This study used a quantitative design with a pre-

experimental one-group pretest-posttest design. In this 

design, students were given tests before and after the 

intervention (learning intervention using the cooperative 

learning model assisted by PhET simulations) to determine 

the effect of the intervention on their learning outcomes 

(Taherdoos, 2016). This design is appropriate for 

measuring changes after the intervention, even without a 

control group (Kusumadewi & Indriani, 2021). 

Population and Sample  

This study included all 11th-grade science 

students at the school. The research sample was taken using 

purposive sampling, which involved selecting one class 

studying static fluid material and having homogeneous 

characteristics in terms of basic academic ability 

(Sugiyono, 2017). The sample in this study was class 11 

A3. The variables in this study consisted of the independent 

variable (X), which was the Cooperative Learning model 

assisted by PhET simulations, and the dependent variable 

(Y), which was students’ learning outcomes on static fluid 

material. 

Research Procedure  

The primary instrument used was a multiple-

choice learning outcome test covering pressure, Pascal’s 

law, and Archimedes’ principle (Anderson & Krathwohl, 

2001). The learning aid used in the learning process was 

PhET Interactive Simulations, accessed via 

https://phet.colorado.edu. This tool has been proven to 

enhance the visualization of abstract concepts in physics 

learning (Dori & Belcher, 2005; Lindgren & Johnson-

Glenberg, 2016). 

Research Instrument 

The primary instrument used was a multiple-

choice learning outcome test covering pressure, Pascal’s 

law, and Archimedes’ principle (Anderson & Krathwohl, 

2001). The learning aid used in the learning process was 

PhET Interactive Simulations, accessed via 

https://phet.colorado.edu. This tool has been proven to 

enhance the visualization of abstract concepts in physics 

learning (Dori & Belcher, 2005; Lindgren & Johnson-

Glenberg, 2016). 

Implementation Procedures of Research 

The steps in implementing this research include: 

a) Preparation: Developing instruments and obtaining 

permission from the school. 

b) Pretest: Administering an initial test to students to 

measure their initial understanding of static fluid 

material. 

c) Learning Implementation: Learning was conducted 

over three sessions using the STAD cooperative 

learning model with the assistance of PhET 

simulations. The learning process followed the syntax: 

(1) presentation of objectives and motivation, (2) 

presentation of information, (3) formation of groups, 

(4) group work with simulations, (5) group 

presentations, (6) evaluation and rewards (Tran, 2014). 

d) Posttest: Conducted after all learning sessions were 

completed to measure improvements in student 

learning outcomes. 

e) Data Collection and Analysis: Pretest and posttest data 

were analyzed. 

Data Analysis Techniques  

Pretest and posttest data were analyzed using the 

N-Gain test to assess the effectiveness of improving 

learning outcomes. The N-Gain formula was used as 

described by Hake (1998), namely:  𝑁𝐺𝑎𝑖𝑛 =
𝑆𝑘𝑜𝑟 𝑃𝑟𝑒𝑡𝑒𝑡𝑠𝑡−𝑆𝑘𝑜𝑟 𝑃𝑜𝑠𝑡𝑡𝑒𝑠𝑡

𝑆𝑘𝑜𝑟 𝑀𝑎𝑘𝑠𝑖𝑚𝑢𝑚−𝑆𝑘𝑜𝑟 𝑃𝑟𝑒𝑡𝑒𝑠𝑡
. Gain values are classified as 

high (≥ 0.7), moderate (0.3 ≤ g < 0.7), and low (< 0.3). 

Furthermore, the data are analyzed descriptively to 

determine the mean, standard deviation, maximum, and 

minimum values, which describe the overall distribution of 

student scores (Creswell, 2014). 

 

HASIL DAN PEMBAHASAN  

Result  

Learning Improvement (pretest to posttest) 

Based on the results of the descriptive analysis of 

students’ pretest and posttest data, it is evident that the 

average pretest score obtained by students before being 

treated using a cooperative learning model assisted by 

PhET Simulation is 49.87, with a standard deviation of 

3.02. This shows that students’ mastery of static fluid was 

still relatively low and varied before the intervention. 

However, after participating in learning with a cooperative 

approach enriched with interactive simulations, the 

students’ average score increased significantly to 73.94 

with a standard deviation of 2.14. Not only did the post-test 

scores show quantitative improvement, but they also 
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indicated that the distribution of students’ scores became 

more even, meaning that students’ understanding of the 

material was more consistent across all groups.  

Table 1. Summary of Descriptive Statistics 

Statistic Pretest Posttest  Difference 

Number of Learners 31 31 24.06 

Average 49.87 73.94 1.79 

Standard Deviation 3.02 2.14 20 

Minimum Value 45 70 27 

Based on Table 1, a comparison between pretest 

and post-test scores shows improved student learning 

outcomes. The average pretest score obtained by students 

before the learning process began was 50. This score 

reflects that students’ initial mastery of the material was 

still in the moderate or even low category. This is 

reasonable because students have not yet been 

comprehensively exposed to the material at this stage. The 

pretest was used as a tool to measure students’ initial 

knowledge and as a reference for designing learning 

strategies tailored to the students’ needs. This score also 

indicates that there is still ample room for development and 

improvement of students’ competencies. 

After the learning process was conducted, the 

post-test score increased to 74. This 24-point increase is an 

initial indicator that students’ mastery of the material has 

improved. This significant difference in scores shows that 

the learning process has made a real contribution to 

students’ learning outcomes. Thus, the results presented in 

Table 1 provide initial evidence of the effectiveness of the 

learning methods and media employed in this study. 

 

Figure 1. Comparison Chart of Pretest and Post-test Values 

Based on Figure 1, the graph comparing pretest 

and post-test scores visually illustrates a significant 

improvement. This figure facilitates understanding the 

differences in student learning outcomes before and after 

instruction. The graph’s upward trend indicates that most 

students experienced an increase in scores after the 

instruction was implemented, and no students experienced 

a decrease in scores. This graph provides a strong visual 

representation of the instruction’s effectiveness, 

particularly in utilizing the cooperative learning model 

assisted by PhET Simulation. 

This visualization also provides an overview of 

how interactive and collaborative learning processes can 

improve students’ cognitive abilities. With the graphical 

representation, educators and researchers can more easily 

identify trends, patterns, and the approach’s success. This 

image can also serve as a reflection tool for teachers to 

continue developing learning methods that suit the needs of 

students in the classroom. 

The Result of N-Gain Test 

To measure the effectiveness of the intervention in 

improving students’ critical thinking skills, the N-Gain 

score was calculated. This score represents the normalized 

gain between pretest and posttest results. The summary of 

the N-Gain calculation is presented in Table 5 below: 

Table 2. N-Gain Results 

Test Value Criterion 

N-Gain 0.48 Quite effective 

Based on the results of descriptive analysis of the N-

Gain percentage data, the average value obtained was 

48.02% with a standard deviation of 2.68 from 31 

participants. The minimum value obtained by participants 

was 42.00%, while the maximum value reached 53.19%. If 

this average value is converted to decimals, the resulting 

number is 0.48. According to Hake’s (1998) classification, 

an N-Gain value within the 0.3 to 0.7 range falls into the 

moderate category. Thus, the improvement in participants’ 

learning outcomes after participating in the learning 

process is classified as moderate. This indicates that the 

learning provided is quite effective in improving learning 

outcomes. However, its effectiveness has not yet reached a 

high level, so improvements in learning strategies are still 

needed. Efforts to develop more effective methods or 

approaches are expected to lead to more optimal learning 

outcomes in the future. 

Discussion 

Learning Improvement (pretest to posttest) 

The study results indicate that implementing the 

cooperative learning model assisted by PhET simulations 

positively impacts students’ learning outcomes in static 

fluid material, as evidenced by an N-Gain value of 0.48 in 

the moderate category (Ilham et al., 2025). These results 

reinforce the findings of Syukur & Pratama (2025), who 

stated that cooperative learning can improve student 

learning outcomes, especially when combined with 

interactive media such as digital simulations. 

The PhET simulation used in this study helped 

visualize complex phenomena in static fluid materials, such 

as pressure distribution and buoyancy forces. This aligns 

with the findings of Ramdani and Safitri (2025), who 

concluded that visual and interactive simulations facilitate 

students’ connection of macroscopic observations with 

microscopic explanations in fluid mechanics material. The 

cooperative structure employed, particularly the STAD 
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model, has also been shown to enhance peer learning 

through discussion and group collaboration, as reported by 

Lestari et al. (2025). They found that assigning clear roles 

within groups and integrating structured collaboration can 

improve cognitive outcomes and student engagement in 

learning. 

The Result of N-Gain Test  

This study shows positive results, but the level of 

learning effectiveness remains moderate. This aligns with 

the findings of Wulandari and Hasan (2025), who stated 

that applying cooperative models in the short term, 

particularly in fewer than four sessions, limits students’ 

opportunities to build optimal group dynamics and 

reflective learning habits. Another limitation relates to 

student participation in groups. Pratiwi & Ardiansyah 

(2025) state that uneven participation during group 

activities can hinder the knowledge construction process, 

especially for students who are less confident or tend to be 

passive in discussions. A similar pattern may have occurred 

in this study, where internal group dynamics may have 

limited improvements in learning outcomes. 

Teachers’ facilitation skills are a determining 

factor in maximizing the impact of cooperative learning 

(Rahmawati & Nugroho, 2025). If teachers do not actively 

guide discussions, monitor group progress, and encourage 

equitable participation, the potential success of this model 

cannot be optimally achieved. This issue is also relevant to 

the implementation of learning in this study. Based on 

research related to the use of cooperative models, not all 

studies show consistently positive results. Nugraha & Putri 

(2025) found that schools with low digital readiness and 

limited access to supporting infrastructure experienced less 

significant improvements in learning outcomes when 

implementing technology-based cooperative models. This 

difference highlights the importance of contextual 

readiness in adopting technology-based learning 

approaches. 

The findings of this study align with Vygotsky’s 

social constructivism theory, which emphasizes the 

importance of social interaction in the construction of 

knowledge (adapted to the Indonesian context by Ilham et 

al., 2025). When implemented effectively, simulation-

assisted cooperative learning provides a social framework 

for scaffolding and offers cognitive tools that help students 

grasp abstract concepts. The results of this study indicate a 

positive trajectory, suggesting that future improvements 

should focus on extending the duration of implementation, 

enhancing group regulation, and improving teacher 

facilitation competencies. This aligns with Hartati and 

Yusuf (2025), who recommend conducting a minimum of 

four to six meetings to achieve significant gains in students’ 

higher-order thinking skills. 

 

CONCLUSION  

Based on the research results, it can be concluded 

that the application of the PhET simulation-assisted 

cooperative learning model has been proven effective in 

improving student learning outcomes in static fluid 

material. This is demonstrated by a significant increase in 

pretest and posttest scores, as well as an average N-Gain 

score of 0.4802, which falls into the moderate category. 

This model created an active, interactive, and engaging 

learning environment, helping students understand abstract 

physics concepts. However, learning effectiveness can still 

be further improved so that student learning outcomes can 

reach the high category. Therefore, it is recommended that 

further learning strategies be developed, taking into account 

the needs and characteristics of students. 
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