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Abstract: This study aims to analyze the influence of the Project-Based Learning (PjBL) model on the 

learning outcomes of high school students in Pascal's Law material. The background of this research is 

the low level of students' understanding of Pascal's Law, which is often taught theoretically, so it is less 

contextual and can be applied. This study uses a quantitative approach with quasi-experimental methods 

and Pretest-Posttest Design of Control Groups. The research subjects were 11th grade students of SMA 

Negeri 1 Sei Bamban for the 2024/2025 academic year, with a total sample of 60 students, consisting 

of 30 students in the experimental class and 30 students in the control class, selected using purposive 

sampling. The research instrument consisted of a multiple-choice learning outcome test with 20 

validated items and an observation sheet of student activities. The results showed that the average 

pretest scores of the two classes were relatively equivalent (experimental = 45.33; control = 45.17) with 

a significance value of 0.960 (>0.05), indicating no significant difference in initial ability. After 

treatment, the average post-experimental class score increased to 78.67, while the control class only 

reached 66.33. The t-test reveals a significant difference between the two classes (Sig. <0.05). Student 

activity in the experimental class was also recorded high, with an average of 79.97% in the active 

category. It can be concluded that the application of the Project-Based Learning model has a significant 

influence on improving student learning outcomes in Pascal's Law compared to conventional learning. 

These findings reinforce previous literature on the effectiveness of PjBL as an innovative learning 

strategy that is able to connect abstract concepts with students' real-life experiences.  

Keywords: Project-Based Learning, Learning Outcomes, High School Students, Pascal's Law 

 

1. INTRODUCTION 

21st century education demands a fundamental transformation in the learning process 

(Silaban et al., 2025), where students are no longer positioned only as passive recipients of 

information, but also as active subjects in building knowledge (Alexander et al., 2024). Science 

education, especially physics, has an important role in shaping students' critical, logical, and 

creative thinking skills (Silaban et al., 2024). Physics is not just a collection of formulas or 

theories, but is a science that explains natural phenomena and their application in daily life 

(Sinaga et al., 2024). However, in practice, learning physics is often still theoretical, abstract 

(Sirait et al., 2021), and less involving real learning experiences that can enhance students' 

conceptual understanding (Sirait et al., 2025). This condition has implications for the low 

interest and learning outcomes of students in the field of physics (Sitinjak et al., 2024), 

including on the topic of Pascal's Law, which should be very contextual as it relates directly to 

various fluid pressure-based technologies (Sirait et al., 2024). 
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In recent decades, various learning model innovations have been introduced to 

overcome the weaknesses of conventional learning (Silaban et al., 2020). One of them is Project 

Based Learning (PjBL) (Pardede et al., 2024). PjBL is a student-centered learning model with 

an emphasis on learning activities through real projects (Ramadhan et al., 2025). This model 

not only requires students to understand concepts, but also to design, create, and present works 

as solutions to given problems (Pasaribu et al., 2024). Several studies report that the application 

of PjBL contributes positively to students' critical thinking skills, collaboration, and cognitive 

learning outcomes (Alexander et al., 2023). Thus, PjBL is believed to be relevant applied in 

physics learning which requires students to connect theory with everyday reality (Anwar et al., 

2021). 

Research on PjBL in science learning has been conducted by a number of researchers. 

For example (Safitri et al., 2025) showed that there was a significant influence of the Quipper 

School-assisted Project Based Learning (PjBL) learning model on students' cognitive learning 

achievement in sociology. Other research by (Ahmad et al., 2025) revealed that there was a 

significant increase in students' collaboration skills and creativity after the implementation of 

the PjBL learning model. In the field of physics, several studies stated that PjBL can increase 

student involvement in experimentation and concept understanding (Ramadhan et al., 2025). 

However, most research is still focused on the topic of electricity or mechanics (Siahaan et al, 

2023), while studies that specifically highlight Pascal's Law and fluid pressure are still limited. 

In fact, this material has great potential to be taught through PjBL because it is very closely 

related to simple technological devices that students can make, such as mini hydraulic jacks, 

simple pumps, or hydraulic brake systems (Sirait, Aleksander, & Silaban, 2023). Based on this 

study, it can be identified that the gap can be identified that previous research has mostly 

discussed the effectiveness of PjBL in the fields of biology, chemistry, or physics on certain 

topics, but it is still rare to research the application of PjBL in depth to Pascal's Law material 

(Sirait., 2025). In addition, most of Pascal's Law learning in the classroom still uses the 

conventional approach in the form of lectures and practice questions, which lack applicative 

experience for students (Safitri et al., 2025). As a result, students can memorize the law, but are 

less able to explain its practical application in real life. This gap is the basis for the importance 

of this research (Alexander et al., 2024). 

The main problem in this study is how to improve the learning outcomes of high school 

students in Pascal's Law material through a more contextual learning model, applicative, and 

innovative. Based on this, the hypothesis of this study is: "There is a significant influence of 
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the application of the Project Based Learning model on the learning outcomes of high school 

students in Pascal's Law material compared to conventional learning." To answer these 

problems, this study implements the Project Based Learning model in Pascal's Law learning. 

With this approach, students not only learn theoretical concepts, but also design and create 

simple projects based on the principles of Pascal's Law (Silaban et al., 2021). For example, the 

creation of miniature hydraulic jacks, which allow students to see firsthand the application of 

the law while practicing creative thinking, problem-solving, and group collaboration skills. 

Specifically, this study aims to: 

a. Describe the process of applying the Project Based Learning model in Pascal's Law learning 

in high school. 

b. Analyzing the effect of the application of Project Based Learning on students' cognitive 

learning outcomes on Pascal's Law material. 

c. Provide alternative innovative learning strategies that are applicable to improve the quality 

of physics learning in secondary schools. 

Through this study, it is hoped that it can make an empirical contribution to the 

development of a more effective physics learning model, as well as enrich the literature on the 

application of PjBL in the context of fluid pressure materials, especially Pascal's Law. 

 

2. RESEARCH METHODS 

This study uses a quantitative approach with the Quasi-Experiment and design Pretest 

Design–Post-Control Group (Silaban et al., 2025). This design involves two groups, namely 

the experimental class and the control class. The experimental class received treatment using 

the Project Based Learning (PjBL) model, while the control class was taught using the 

conventional learning model. Before the treatment was given, both groups first underwent a 

pretest to determine the student's initial ability, and after the learning process was completed, 

a posttest was given to measure the improvement in learning outcomes after the treatment. 

This research was carried out at SMA Negeri 1 Sei Bamban, which is located in 

Gempolan Village, Sei Bamban District, Serdang Bedagai Regency, in the 2024/2025 school 

year. The research population is all grade XI students of SMA Negeri 1 Sei Bamban which 

totals 150 students from five classes. From this population, class XI-1 was designated as an 

experimental class and class XI-3 as a control class, each amounting to 30 students. The 

determination of the sample was carried out using the purposive sampling technique, which is 
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the selection of samples based on certain considerations that are in accordance with the purpose 

of the research. 

The variables used in this study consist of two types, namely independent variables (X) 

and bound variables (Y). The independent variable is the Project Based Learning (PjBL) model, 

while the bound variable is the learning outcomes of students in the cognitive realm of Pascal's 

Law material. The material taught is Pascal's Law which is formulated as: 

P = 
𝐹

𝐴
 

Description:P = pressure (N/m²), 

F = force (N), 

A = cross-sectional area (m²). 

 

The principle of application of Pascal's Law to hydraulic systems is stated: 

𝐹1

𝐴1
=  

𝐹2

𝐴2
 

Description:F1= force on a small cross-section (N), 

A1 = small cross-sectional area (m²), 

F2 = force on a large cross-section (N), 

A2 = large cross-sectional area (m²). 

 

Research instruments consist of several types. First, the learning outcome test is in the 

form of 20 multiple-choice questions used for both pretest and posttest. These questions have 

gone through a validation process, reliability test, and difficulty level analysis to ensure the 

quality of the instruments. Second, student activity observation sheets are used to record 

student involvement and activeness during the PjBL-based learning process in experimental 

classes. The data collection technique is carried out through three main stages, namely pretest, 

posttest, and observation. The pretest is given before the implementation of learning to find out 

the initial ability of the students, while the posttest is given after all learning activities are 

completed to see the improvement in learning outcomes. Observation was carried out in 

conjunction with the learning process in the experimental classroom to monitor student 

activities in the application of the PjBL model. 

The data obtained was analyzed through several stages. First, a normality test was 

carried out using the Kolmogorov–Smirnov test at a significance level of 5% (α = 0.05) to 

ensure normal data distribution. Second, a homogeneity test was carried out using the Levene 
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Test to find out the similarity of variance between groups. After these two prerequisites are 

met, a hypothesis test is carried out using the Independent Sample t-test. The decision-making 

criteria are: if the significance value (Sig.) > 0.05 then H₀ is accepted, which means that there 

is no significant influence between the two learning models on student learning outcomes; on 

the other hand, if Sig. < 0.05 then H₀ is rejected and H₁ is accepted, which indicates a significant 

influence of the PjBL model on student learning outcomes (Alexander et al., 2025). 

 

3. RESULTS AND DISCUSSION 

This study aims to determine the influence of the Project Based Learning (PjBL) model 

on the learning outcomes of grade XI students of SMA Negeri 1 Sei Bamban on Pascal's Law 

material. The data from the research results were obtained through learning outcome tests 

(pretest and posttest) as well as observation of student activities during the learning process. 

The average results of pretest and posttest student learning outcomes can be seen in Table 1. 

Table 1. Average Pretest and Posttest of Student Learning Outcomes 

Class Average prates Posttest Average Increased 

Experiment 45,33 78,67 +33,34 

Control 45,17 66,33 +21,16 

 

Based on the results of the pretest, it was obtained that the initial ability of students in 

the experimental class and the control class was relatively equivalent. The average pretest score 

of the experimental class was 45.33 with a standard deviation of 13.58, while the control class 

had an average of 45.17 with a standard deviation of 11.71. The t-test showed a significance 

value of 0.960 (> 0.05), meaning there was no significant difference in initial ability between 

the two groups. This is important because it ensures initial equality before treatment is given. 

After being given different treatments, the posttest results showed an increase in learning 

outcomes in both groups, but a more significant improvement occurred in the experimental 

class. The average posttest score of the experimental class reached 78.67 (good category), 

while the control class was only 66.33 (fair category). The standard deviation of the 

experimental class was 8.40 and the control class was 9.46. The results of the observation also 

showed that student activities during the implementation of the PjBL model were in the active 

category, with an average score of 79.97%. Students are intensively involved in project design, 

group discussions, and presentation of project results in the form of simple hydraulic jacks. 
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The results of this study show that the application of the Project Based Learning model 

has a significant influence on improving student learning outcomes. This is shown by the higher 

posttest value of the experimental class than that of the control class. These findings support 

the research hypothesis that there is a significant influence of the application of PjBL on student 

learning outcomes in Pascal's Law material. Theoretically, these findings are in line with the 

principles of constructivism, where students build their knowledge through hands-on 

experience, collaboration, and real-world problem-solving. Pascal's Law material that is 

abstract becomes more meaningful when students practice it through a simple hydraulic tool 

making project (Sirait et al., 2023). The results of this study are also in line with the findings 

of the (Ahmad et al., 2025) which shows that PjBL is able to improve students' collaboration 

skills and creativity in biology materials. The active involvement of students in real projects 

encourages them to work together, think critically, and produce concrete products. Similarly 

(Safitri et al., 2025) proving that the implementation of PjBL assisted by Quipper School's 

digital media increases students' cognitive learning achievement in sociology subjects. The two 

studies reinforce this finding, that PjBL is effective in improving cognitive learning outcomes, 

high-level thinking skills, and learning motivation. 

 

4. CONCLUSIONS AND SUGGESTIONS 

CONCLUSION 

The application of the Project Based Learning (PjBL) model has a significant effect on 

the learning outcomes of grade XI students of SMA Negeri 1 Sei Bamban on Pascal's Law 

material. Students who study with the PjBL model show improved learning outcomes and 

better activities compared to conventional learning. These findings prove the effectiveness of 

PjBL in improving physics learning outcomes and helping students relate concepts to real 

experiences. 

SUGGESTION 

Based on the results of the research, it is recommended that physics teachers use the 

Project Based Learning (PjBL) model as an alternative learning strategy, especially in abstract 

and applicative materials such as Pascal's Law.  
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