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Abstract 

The purpose of this research is to characterize and ascertain how 

project-based learning improves cognitive learning outcomes for 

students. The quasi-experimental research design are employed. 

The X-grade children of SMA Negeri 1 Perhentian Raja made up 

the study's population, while the X2 and X5 classes, which 

included 33 and 32 students respectively, served as the study's 

samples. Primary and secondary data are the two types of data 

collection methodologies. Descriptive and inferential analysis are 

two methods of data analysis. The group that used project-based 

learning had an average score of 60.7, falling into the "fairly 

good" category, according to the statistics. In contrast, the group 

that used traditional learning had an average score of 51.0 in the 

category of fairly good. A sig value was obtained from the 

hypothesis testing findings using the Independent sample t-test. 

There is a statistically significant difference between project-based 

learning and standard learning classes (2-tailed) 0.002 <0.05). 

These findings suggest that project-based learning on alternative 

energy sources can enhance the cognitive learning outcomes of 

SMA Negeri 1 Perhentian Raja class X students. 

INTRODUCTION 

The 21st century, in which we currently 

live, is marked by ever-faster innovations in 

every sphere of human endeavor (Rosnaeni, 

2021). The field of education has many 

difficulties and difficult tasks, one of which is to 

develop competent human resources with a 

minimum of four skills, or what is popularly 

referred to as the "4C": critical thinking, 

communication, creativity, and collaboration 

(Partono et al., 2021). Teachers can use creative 

learning and learning that develops 21st-century 

abilities to generate these human resources 

(Mashudi, 2021). Teachers might use 

instructional models that encourage student 

participation in the learning process (Handayani 

& Wulandari, 2021). The project-based learning 

paradigm is one setting in which these abilities 

are put to use (Karomatunnisa et al., 2022). 

A project-based learning paradigm 

emphasizes learning activities linked to the 

creation, manufacture, analysis, and even 

presentation of products (Nirmayani & Dewi, 

2021). A learning approach called project-based 

learning (PjBL) gives teachers the chance to 

employ project work as a means of carrying out 

instruction (Eliza et al., 2019). The stages of the 

model of project-based learning as described by 

(Anggraini & Wulandari, 2020). (1) identifying 

the fundamentals; (2) creating a project plan; 

(3) planning; (4) keeping an eye on the project's 

advancement; (5) analyzing the outcomes; and 

(6) assessing the experience. The benefits of the 

project-based learning approach include 

improved student talents and skills, improved 
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group collaboration, and improved student 

capacity for deliberation to arrive at a 

consensus in the group (Guo et al., 2020).  

Physics is one of the SMA/MA lessons 

that can be implemented with a project-based 

learning methodology. According to 

observations made at SMA Negeri 1 Perhentian 

Raja, physics is taught in a traditional manner 

where professors employ the lecture approach, 

which makes students disinterested and 

unmotivated to master the subject. As a result, 

the researcher sought to use project-based 

learning as a different approach to teaching in 

the classroom.  

The behavioral changes that take place as a 

result of cognitive learning outcomes include 

the ability to recall, interpret, apply, analyze, 

evaluate, and create (Anderson et al., 2001).  
These observations are in line with research 

conducted by (Nurhaniah et al., 2022) that 

because they view physics as a challenging 

subject that needs more thought to understand 

and since learning is done traditionally, students 

are less motivated to learn the subject. The 

application of learning media in conventional 

physics education is relatively uncommon. 

Everything that teachers use to communicate 

with students so they can fully understand the 

material is considered learning media (Puspita 

Sari & Setiawan, 2018). Given the media's 

significant role in the educational process, it is 

expected of teachers to select the appropriate 

medium to meet learning objectives. Students 

who have little interest in learning physics may 

find it difficult to meet learning objectives, 

which will negatively impact the learning 

process and result in poor learning results for the 

students (Astalini et al., 2018).  

This means that to prevent students from 

becoming disinterested and thinking that physics 

classes are hard, it is important to adopt a variety 

of learning strategies. Promoting students' 

enthusiasm in learning is the first step in using 

the project-based learning paradigm to enhance 

their learning results. Students will engage in 

practical learning and create valuable goods by 

utilizing the project-based learning paradigm of 

alternative energy media. The "Implementation 

of Project-Based Learning on Alternative Energy 

Materials to Improve Cognitive Learning 

Outcomes of Class X Students of SMA Negeri 1 

Perhentian Raja" study was therefore carried out 

by researchers. 

METHOD 

A quasi-experimental design using a non-

equivalent posttest-only control group design 

was the study methodology employed. The 

research was carried out at SMA Negeri 1 

Perhentian Raja in the province of Riau's 

Kampar Regency. The 198 students in X grade 

at SMA Negeri 1 Perhentian Raja comprised 

the study's population. Class X2, which 

consisted of 33 students, was the experimental 

class used in this research, whereas class X5, 

which consisted of 32 students, served as the 

control class. 

The research instrument used in this study 

was a test of cognitive learning outcomes of 

class X SMA students on alternative energy 

material. Where this cognitive learning 

outcomes test consists of 25 multiple choice 

questions that cover the cognitive domain 

according to Bloom's Taxonomy which consists 

of C1 to C6. 

Primary and secondary data were used in 

this research data collection process. While 

initial test scores provided secondary data, 

posttest results provided primary data. Both 

descriptive and inferential analysis were 

employed in the data analysis process. In this 

research, descriptive analysis is used to 

characterize the cognitive learning results of the 

students. A method for analyzing sample data 

and extrapolating the findings to the population 

is called inferential analysis (Sugiyono, 2019). 

The normalcy, homogeneity, and hypothesis 

tests are the inferential analyses that are 

employed. 

RESULT AND DISCUSSION 

The memory (C1), understanding (C2), 

applying (C3), analyzing (C4), evaluating (C5), 

and creating (C6) learning outcomes data were 

taken from the posttest results of students in the 

experimental and control classes on alternative 

energy material. These learning outcomes data 

were used in this research. Table 1 shows the 

results of the post-test. 
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Table 1. Average Score of Cognitive Learning Outcomes 

 

 

 

 

 

 

 

Figure 1. Graph of Average Score of Cognitive Learning Outcomes 

The average score of the experimental 

class is higher than that of the control class in 

the cognitive domains of remembering (C1), 

analyzing (C4), evaluating (C5), and producing 

(C6), as shown by Table 1 and Figure 1. The 

control class performs better than the 

experimental class in the cognitive domains of 

comprehending (C2) and applying (C3). 

Table 2. displays the inferential analysis 

in the form of a normality test using the 

Kolmogrov-Smirnov test. Table 2 indicates that 

the experimental class's significance value is 

0.092, while the control class's is 0.200. This 

indicates that the sig value is less than 0.05, 

indicating that the data for the two classes is 

normally distributed. 

Following the completion of the 

normalcy test, the homogeneity test is 

conducted, as shown in Table 3. 

Table 2. Normality Test Results 

 

Class 

Kolmogorov-Smirnova 

 Statistic df Sig. 

Posttest Score X2 (Experimental) .142 33 .092 

X5 (Control) .099 32 .200* 

 

Table 3. Homogeneity Test Results 

Levene 

Statistic df1 df2 Sig. 

.041 1 63 .840 
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Table 3 provided the significance value 

of 0.840, indicating that the variance of the two 

classes is homogeneous and that the sig value is 

less than 0.05. 

The data is homogeneous and normally 

distributed once the homogeneity and normality 

tests are completed, which satisfies the 

requirements for applying the Independent 

sample t-test for hypothesis testing. Table 4 

below displays the results of the hypothesis test. 

Table 4. Hypothesis Test Results 

 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

Posttest 

Score 

Equal variances 

assumed 
.041 .840 3.174 63 .002 9.727 3.065 

Equal variances not 

assumed 
  3.176 62.996 .002 9.727 3.063 

Table 4 indicates that there is a 

significant difference in students' cognitive 

learning outcomes between classes that apply 

project-based learning on alternative energy 

materials and classes that apply conventional 

learning on the same materials. The Sig. (2-

tailed) value is 0.002 <0.05, which means that 

   is rejected. 

According to the study's findings, the 

experimental class's average score for indicators 

C1, C4, C5, and C6 is higher than that of the 

control class. The experimental class was 

inferior than the control class for indications C2 

and C3. This is because, in contrast to the 

experimental class, which completes numerous 

projects, the control class's learning is teacher-

centered, with the teacher explaining more 

content through power points. Nonetheless, the 

experimental class outperformed the control 

class in terms of overall average score. This is 

due to the fact that the experimental class 

completed numerous projects utilizing 

alternative energy KITs directed by LKPD 

during the learning process, including the 

Simple Windmill, Simple Waterwheel, and 

Simple Garden Lights LKPD. This is in line 

with what was said by (Aristiadi, Heldi; Putra, 

2018) because the experimental class actively 

participated in the project's implementation 

using the project LKPD guide, the learning 

results of the experimental class that used the 

project LKPD were superior to the learning 

outcomes of the control class that did not use 

the project LKPD. 

Project-based learning also teaches 

students how to build projects and find 

innovative solutions to issues (Chistyakov et 

al., 2023). One of the most important 21st-

century skills is effective communication, 

which project-based learning may help with 

both (Rohmatin et al., 2023). Because students 

engage with the media directly through 

practical activities, project-based learning 

facilitates retention of the material. In line with 

research conducted by (Untari et al., 2020) that 

practical activities help 70% of students absorb 

the material more quickly, whereas hearing and 

seeing help 50%. Furthermore, as 83% of 

learners can recall information quickly when it 

is presented visually, learning is enhanced when 

media is used as a facilitator. 

The experimental class outperformed the 

control class on the Higher Order Thinking 

Skills (HOTS) question in indications C4, C5, 

and C6. Project-based learning can therefore 

help students become more proficient at 

responding to HOTS questions (Hujjatusnaini et 

al., 2022). This is because the experimental 

class completed more projects using hands-on 

activities to assemble tools during the learning 

process. Through the completion of projects, 

students in experimental classes receive training 

to enhance their abilities in analysis, evaluation, 

and creation. 

Students are more motivated to learn 

physics now that project-based learning is in 

place because they are actively participating in 

problem-solving through group projects and 

idea-sharing with friends and classmates 

through presentations. This is in line with what 

was said by (Alibraheim & El-Sayed, 2021) 

kids can improve their social and cognitive 
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abilities as well as be motivated to learn since 

project-based learning gives them more chances 

to ask questions, make arguments, and draw 

conclusions from what they have learned. In 

line with what was said by (Santhosh et al., 

2023) that project-based learning, as opposed to 

traditional learning, can enhance students' 

cognitive learning outcomes. 

CONCLUSION 

The study's findings and the subsequent 

discussion indicate that, when using project-

based learning with alternative energy 

materials, class X students at SMA Negeri 1 

Perhentian Raja achieved better cognitive 

learning outcomes than when using 

conventional learning methods. where project-

based learning and traditional learning both 

produce cognitive learning results that fall 

within the "good enough" category. 

Nonetheless, project-based learning's cognitive 

learning outcomes outperform traditional 

learning when analyzed from the average score. 

The results of inferential analysis using 

hypothesis testing indicate that project-based 

learning and traditional learning differ 

significantly from one another. Thus, it can be 

said that project-based learning enhances the 

cognitive learning outcomes of students.  
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