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Abstract: Exercise questions used by educators are still in the form of 
questions that are classified as easy and have not been able to improve the 
ability to think critically One of the learning needs of learners is a learning 
resource that is in accordance with the development of the 21st century. (e-
module). The purpose of this research is to produce a project-based learning 
(PjBL)-based science e-module with valid, practical, and effective 
categories.with valid, practical, and effective categories. This research is a type 
of research and development with the ADDIE development model, namely 
Analyze, Design, Development, Implementation, Evaluation. The research 
instrument consists of a preliminary questionnaire, validation instrument, 
practicality instrument, and effectiveness instrument. Data analysis 
techniques consist of preliminary study data, validity data, practicality data, 
and effectiveness data. Based on the results of the assessment of project-based 
learning (PjBL) based science e-modules conducted by experts, the results 
obtained with an average validation by media experts, material experts and 
linguists are in the valid category. The practicality of e-modules assessed by 
teachers and students of SMPN 6 Padang Panjang is in the practical and very 
practical categories. Effectiveness, project-based learning (PjBL) based science 
e-modules are in the effective category. Based on the results of the study, it 
can be concluded that project-based learning-based science e-modules meet 
the criteria of valid, practical, and effective. 
 
Keywords: Critical thinking; E-module; Project based learning 

  

Introduction  
 

In the 21st century, the world of education is 
required to continue to evolve and become more 
accessible to all groups. One factor driving this change is 
the emergence of the Industrial Revolution 4.0, an era 
based on digital technology and automation (Javaid et 
al., 2024; Horváth & Szabó, 2019). The Industrial 

Revolution 4.0 has brought significant changes to 
various aspects of life, including the education sector. 
This era is characterized by the integration of digital, 
physical, and biological technologies, fundamentally 
changing the way people live, work, and learn. This 

transformation requires the education system to not only 
keep pace with technological developments but also 
adapt learning methods to produce adaptive, creative, 
and competitive human resources in the digital age 
(Blanka et al., 2022; Kraus et al., 2021). In an era where 
technology is increasingly becoming an integral part of 
everyday life, the transformation towards smart 
buildings is inevitable. The use of technology in building 
infrastructure, such as the Internet of Things (IoT), 
automation systems, and artificial intelligence, enables 
the creation of more efficient, safe, and comfortable 
environments for occupants (Sivasankari & Rathika, 
2025). The development of communication has brought 

https://doi.org/10.29303/jppipa.v11i10.12283
https://doi.org/10.29303/jppipa.v11i10.12283


Jurnal Penelitian Pendidikan IPA (JPPIPA) October 2025, Volume 11, Issue 10, 873-881  
 

874 

significant changes to various aspects of life, including 
education. Faster and more widespread communication 
allows the learning process to be more effective, 
collaborative, and accessible to various groups (Haleem 
et al., 2022).  

Along with the increasingly modern era, various 
sectors have also experienced accelerated change, 
particularly through the use of technology. One example 
is in education, where various media are now used as 
supporting tools in the learning process (Abdulrahaman 
et al., 2020).  Electronic modules (e-modules) are an 
extension of printed modules into a digital format that 
can be accessed through electronic devices. E-modules 
are compiled in electronic format and can be run on 
computers or other devices. Unlike printed modules, e-

modules can display content in the form of text, images, 
animations, and even videos, making them more 
interactive and engaging. With technological advances, 
e-modules can now also be accessed via smartphones, 
making learning easier anytime and anywhere 
(Khotimah et al., 2024). In addition to developing 
learning media, students must also possess 21st-century 
skills, known as the 4Cs. These skills include creative 

thinking, critical thinking and problem-solving, 
communication, and collaboration. These four skills are 
crucial for equipping students to face the challenges of 
the dynamic and complex modern world (Herlinawati et 
al., 2024). 

Critical thinking skills are part of higher-order 
thinking skills that play a crucial role in improving 
students' analytical abilities. These abilities enable 
students to evaluate information in-depth, make 
informed decisions, and solve problems logically and 
systematically. Therefore, developing critical thinking 
skills in the learning process is a strategic step to 
improve the overall quality and learning outcomes of 
students (Golden, 2023). Project-Based Learning (PjBL) 
is a form of active learning that focuses on direct student 
involvement in the learning process. Simply put, PjBL 
can be defined as a learning model that links the use of 
technology to solving everyday life problems relevant to 
students' experiences, both in individual contexts and 
through school projects. Through this approach, 
students are encouraged to think critically and 
creatively, and to collaborate in completing project-
based assignments both independently and 
collaboratively. According to Rehman et al. (2024), the 
project-based learning model has enormous potential to 
create more engaging, meaningful, and relevant 
learning experiences for students. By actively involving 
students in solving real-life problems through projects, 
learning becomes more contextual and fosters 
motivation and 21st-century skills. 

Based on several previous studies, it shows that the 
development of e-modules is feasible and can be used in 

genetics learning to improve the critical thinking skills 
of Biology Education students at the University of Jambi. 
This is proven by Anjani et al. (2024), with the title of her 
research "Development of Molecular Genetics E-
Modules Based on STEM-Project Based Learning (PjBL) 
Integrated with Socio-Scientific Issues (SSI) to Improve 
the Critical Thinking Skills of Biology Education 
Students.", the same research was also conducted by 
(Rasyih et al., 2024), with the title "Development of E-
Practicum Guide for Laboratory Management 
Techniques Based on PjBL to Improve 21st Century 
Learning" in their research stated that the development 
of electronic laboratory management technique 
practicum guides based on the Project Based Learning 
(PjBL) learning model is feasible to be used to improve 

21st century learning. 
Several research results that have been conducted 

show that improving critical thinking skills can be done 
by using the Project Based Learning learning model, 
research by Selano et al. (2024), with the research title 
"Development of E-Modules Based on Project Based 
Learning to Improve Critical Thinking Skills Fifth-Grade 
Students" results from the study indicate a difference in 

students' critical thinking skills before and after the e-
module treatment was implemented. This indicates a 
positive impact on the use of e-modules and an increase 
in the critical thinking skills scores of fifth-grade 
students at SDN 5 Sumber Rejo. Based on interviews 
conducted by the researcher with the science teacher, 
Mrs. Dwi Suryani Alfa, S.Pd., at SMPN 6 Padang 
Panjang in eighth-grade students, it was discovered that 
students experienced difficulty performing calculations, 
particularly in physics. Furthermore, the learning 
method used was still dominated by lectures, where the 
teacher only delivered the material verbally while 
students passively listened. According to the teacher, 
this was done because physics material was considered 
difficult to understand without direct explanation from 
the teacher.  

As a result, students tended to be less active in the 
learning process and had difficulty grasping the 
concepts presented. Therefore, in this study, the 
researcher developed an e-module as a more engaging 
and interactive learning medium. This e-module was 
designed to present physics formulas and materials in a 
more understandable way, which is expected to increase 
students' interest and ability in performing calculations. 
In addition to ineffective learning methods, teaching 
materials used in schools are still limited to print media. 
This hinders students from exploring and 
understanding the material in depth. Therefore, the e-
modules developed by researchers are designed to 
present material in an engaging visual format that is 
relevant to everyday life, thereby increasing student 
enthusiasm for learning. These e-modules are also 
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flexible, as they can be accessed anytime and anywhere 
via electronic devices such as mobile phones or laptops. 
This provides students with greater opportunities for 
independent and interactive learning outside of class 
hours. 

The curriculum used at this junior high school is the 
Independent Curriculum, including science lessons. 
However, in practice, this curriculum has not been fully 
implemented by educators, resulting in less than 
optimal classroom learning effectiveness. Natural 
Sciences (IPA) is a science derived from observations of 
nature and the various phenomena that occur within it. 
Science learning is integrated with various disciplines, 
both within the natural sciences themselves and other 
relevant disciplines. Besides being a scientific study, 

science also serves as a means of developing a scientific 
mindset (a way of thinking) (Park et al., 2020). Through 
an integrated learning approach, several relevant 
concepts can serve as central themes without the need 
for repeated discussion in different subject areas. This 
allows for more efficient use of learning time, as the 
material is presented in an integrated manner. Thus, the 
achievement of learning objectives is expected to be 

more effective, as students gain a comprehensive and 
meaningful understanding of the concepts being studied 
(Tong et al., 2022; Kumpas-Lenk et al., 2018). 

The learning model implemented by educators 
tends to make students passive in the learning process. 
Learning remains teacher-centered, with the teacher 
dominating learning activities while students simply 
listen without responding or responding to the material 
presented (Bhardwaj et al., 2025; Zhou & Zhang, 2025). 
As a result, students struggle to reason deeply about the 
material being studied and are unable to conclude the 
main points of the material at the end of the lesson. This 
situation certainly hinders the development of students' 
critical thinking skills and conceptual understanding. 
Educators have not optimally applied educational 
technology through the use of innovative learning 
media (Souza & Debs, 2024). The learning process is still 
dominated by printed textbooks, which makes the 
classroom atmosphere monotonous and unengaging for 
students. This situation can result in low interest in 
learning and limited development of critical thinking 
skills.  

Therefore, educators are required to provide 
engaging, interactive, and contextual learning media to 
increase student enthusiasm for learning and hone 
critical thinking skills. One innovative medium 
considered capable of igniting student enthusiasm for 
learning is the e-module. E-modules are attractively 
presented, systematically structured, and designed to 
facilitate understanding. Furthermore, e-modules can be 
accessed anytime and anywhere via electronic devices, 
significantly supporting learning flexibility. Therefore, 

researchers developed and implemented e-module 
learning media as a solution to the problem identified at 
SMPN 6 Padang Panjang, namely the limited use of 
varied and interactive learning media in the learning 
process. 
 

Method  
 
This study used the Research and Development 

(R&D) method with the ADDIE model to create a science 
e-module for eighth-grade students at SMPN 6 Padang 
Panjang. The goal was to produce a suitable and 
effective learning medium. 
 
Research Stages 
Analysis 

The researcher conducted interviews with science 
teachers and observations in eighth-grade classrooms.  
The goal was to identify problems, student needs, and 
the condition of existing learning media. 
 
Design 

At this stage, the researcher designed the e-module 
framework. Activities included: Collecting science 
reference materials on substance pressure; Compiling 
materials, determining core competencies, and 
designing evaluations; Determining the title and design 
of the e-module. 
. 
Development 

The e-module design was validated by material, 

media, language, and subject teachers. 
 
Validation used a Likert scale 

Reliability testing was conducted using Cronbach's 
Alpha, with the instrument considered reliable if the 
value is >0.60. 
 
Implementation 

The e-module was trialed on a limited basis with 15 
randomly selected eighth-grade students (low, medium, 
and high). The goal was to assess the initial effectiveness 
and student response to the e-module. 
 
Evaluation 

This stage involved a field trial involving all eighth-
grade students and science teachers. Data was obtained 
from teacher and student questionnaire responses to 
improve the e-module. To test the effectiveness of the e-
module, a one-group pretest-posttest design was used. 
The test results (pretest and posttest) were compared to 
determine whether the e-module was effective in 
improving students' learning outcomes and critical 
thinking skills. 
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Result and Discussion 
 
This research resulted in a product in the form of an 

e-module for science subjects, developed based on the 
problems currently faced by students. This e-module 
allows students to access learning materials without 
time constraints, either via computer or mobile device. 

The main objective of this product development is to 
simplify the learning process and improve the skills of 
eighth-grade students at SMPN 6 Padang Panjang, 
particularly in understanding the topic of substance 
pressure. Based on interviews with science teachers, it 
was discovered that learning still uses conventional 
modules. This is due to teachers' limited ability to 
develop technology-based teaching materials, so they 
prefer to use readily available and easily applicable 
media, such as learning videos from YouTube. 
Furthermore, science lessons have not integrated critical 
thinking skills due to time constraints, so teachers tend 
to use practical, teacher-centered learning approaches. 
Consequently, students tend to be passive in the 
learning process and experience difficulty 
understanding physics concepts, particularly in the 
topic of substance pressure.  

Based on daily assessment data, it was found that 
several students scored below the Minimum 
Completion Criteria (KKM). This demonstrates the need 
for innovation in learning media, one of which is 
through the development of Project-Based Learning 
(PjBL)-based e-modules designed to increase student 
active engagement and foster critical thinking skills. 
Students often experience difficulty understanding 
Natural Science (IPA) learning materials, particularly on 
the topic of substance pressure. This difficulty is caused 
by limited available knowledge sources and a lack of 
innovative methods used by educators in conveying 
information. However, the topic of substance pressure 
requires a learning approach that fosters conceptual 
understanding and develops students' critical thinking 
skills. Therefore, innovation is needed in the form of 
electronic-based learning materials (e-modules) that are 
flexible and engaging. E-modules enable students to 
study independently anytime and anywhere, whether 
through computers or mobile devices.  

To address this issue, researchers designed an 
initial product in the form of an e-module as a learning 
medium that adheres to the Independent Curriculum. 
This e-module was systematically developed and 
includes several important components, including: 
cover, table of contents, learning outcomes, learning 
objectives, main material, supporting illustrations, and 
assignments that encourage active student involvement. 
The development phase began with the creation of the e-
module as the initial product. This e-module was 
designed using the Canva platform to create an 

attractive and interactive display. Before the e-module 
was implemented in the learning process with students, 
a validation test was conducted to ensure the quality and 
appropriateness of the module's content. The validation 
process was conducted by four experts: a material 
expert, a media expert, a linguist, and an education 
expert (educator). This validation aimed to assess the 
extent to which the e-module met the e-module's 
eligibility standards in various aspects. Validity was 
assessed using the average percentage score for each 
aspect and the overall average percentage score.  

The validation by material experts covers several 
important aspects, namely: Suitability of the material 
with learning outcomes, Accuracy of the material, 
Presentation techniques, Completeness and quality of 

presentation support (such as images and illustrations), 
Clarity of delivery, Communicative level of module 
content, Suitability of the use of good and correct 
Indonesian language rules, Suitability with the stages of 
the Project Based Learning (PjBL) learning model. The 
results of validation by material experts on the e-module 
are presented in Table 1. 

 

Table 1. Results of Material Expert Validation 
Assessment Aspects Rating Scale 

Suitability of Material to Learning Outcomes 8 
Material Accuracy 12 
Presentation Techniques 4 
Presentation Support 16 
Clearness 12 
Communicativeness 4 
Suitability to Language Rules 8 
Suitability to PjBL Model Stages 32 
Total 92  
Percentage 80% (valid) 

 
The validation results of the e-module by material 

experts showed that the product achieved a validity 
level of 80%, which falls into the "valid" category across 
all assessment aspects. This indicates that the material 
presented in the e-module aligns with the learning 
outcomes, is accurate, and is structured using 
presentation techniques that support project-based 
learning (Sánchez-García & Reyes-de-Cózar, 2025). 
Next, validation by linguists covered several linguistic 
aspects: language clarity, content communicativeness, 
dialogic and interactive engagement, appropriate use of 
Indonesian language rules, coherence and consistency of 
thought flow, and accuracy in the use of terms, symbols, 
or icons. The results of the linguist validation of the e-
module are presented in Table 2. 

The validation results of the e-module by a linguist 
showed a validity level of 62.23%, which falls into the 
"fairly valid" category. Based on these results, the 
linguist provided input for corrections to several 
sections containing typos to improve the linguistic 
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quality and readability of the e-module's content. Next, 
validation was conducted by a media expert who 
assessed the e-module's appearance and technical 
feasibility (Marheni et al., 2024). Aspects assessed 
included: e-module cover design, e-module content 
design, and ease of use. The results of the media expert 
validation are shown in Table 3. 
 
Table 2. Results of Validation by Linguists 
Assessment Aspects Rating Scale 

Straightforward 7 
Communicative 11 
Dialogic and Interactive 6 
Suitability to Student Developmental 
Level 

9 

Coherence and Coherence of Thought 
Process 

16 

Use of Terms, Symbols, or Icons 12 
Total 58 
Percentage 62.23% (quite valid) 

 
Table 3. Media Expert Validation Results 
Assessment Aspects Rating Scale 

E-Module Cover Design 25 
E-Module Content Design 25 
Ease of Use 8 
Total 58 
Percentage 82.85% (valid) 

 
Validation results by media experts showed that the 

e-module achieved a validity level of 82.85%, which falls 
into the "valid" category. This indicates that the visual 
design and layout of the e-module were deemed 
attractive, informative, and easy for students to use. 
Components such as cover design, content layout, and 
accessibility met the e-learning media eligibility 
standards (Risniawati et al., 2020; Azairok & 
Fathurohman, 2023). The complete results of the media 
expert validation are shown in Table 3. Next, validation 
was conducted by education experts, who assessed the 
e-module on various aspects directly related to learning 
implementation. These aspects include: content quality, 
language, e-module appearance, technical quality, and 
suitability to the PjBL stages. The results of the education 
expert validation are shown in Table 4. 

 
Table 4. Results of Education Expert Validation 
Assessment Aspects Rating Scale 

Content Quality 26 
Language Quality 9 
E-Module Appearance 18 
Technical Quality 18 
Suitability to PjBL Stages 35 
Total 106 
Percentage 88.33% (valid) 

 

The validation results for the e-module conducted 
by educational experts yielded a score of 88.33%, which 
falls into the "Valid" category. This assessment indicates 
that the e-module is suitable for use as a teaching 
material (Abdullah et al., 2024; Purnamasari et al., 2024). 
Instrument validity testing was conducted using 
Microsoft Excel, using an inter-item correlation 
technique. The results of the validity test for each 
question item are presented in Table 5. 
 
Table 5. Question Item Validity Results 
Criteria Question Number 

Valid 1,2,3,4,5,6,7,8,9,10 

 
The validity test for the descriptive questions was 

conducted using Microsoft Excel. Ten descriptive 
questions were administered to students. The results 
showed that all items met the validity criteria, making 
them suitable for measuring student abilities in 
accordance with the learning objectives (Vlachopoulos & 
Makri, 2024; Awaludin et al., 2024). Next, the Cronbach's 
Alpha technique was used to test the instrument's 
reliability. This test was conducted by distributing the 
questionnaire to students after it had been validated by 
experts. The results of the Cronbach's Alpha reliability 
test are shown in Table 6. 
 
Table 6. Reliability Test Results 
Reliability Coefficient Interpretation 

0.69 Reliable 

 
The reliability test results showed a Cronbach's 

alpha value of 0.691304. The variable was proven 
reliable if the Cronbach's alpha value was >0.60. Based 
on the reliability test, it was concluded that the variables 
administered to students were reliable. Expert 
validation results indicated that the e-module designed 
and developed in this study was suitable for 
implementation in grade VIII of SMPN 6 Padang 
Panjang, however, several aspects needed to be 
improved. The e-module was implemented with 
students, beginning with a pre-test and ending with a 
post-test. The implementation aimed to determine the e-
module's suitability for the learning process (Putra et al., 
2023; Harahap et al., 2024). The pre-test and post-test 
were distributed directly in class. The implementation 
process in this study used a project-based learning 
(PjBL) model in accordance with the teaching module 
that had been developed (Heriansyah, 2020; Sutaryani et 
al., 2024), along with pre-test and post-test questions that 
had been validated by experts. The implementation 
stage in e-module development was carried out by 
piloting the teaching materials with grade VIII students 
of SMPN 6 Padang Panjang. This trial was conducted on 
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a limited basis, involving one educator and 15 students 
as research subjects. 
 
Table 7. Pre-test and Post-test Results 
Description Pre-test Post-test 

Max score 77 92 
Min score 56 80 
Average 68.36 85.16 

 
This phase began with a pre-test administered to all 

students before they received and used the e-module. 
The pre-test aimed to measure students' initial 
understanding of the learning material before the 
intervention. Next, the learning activities continued with 
the application of the e-module as the main teaching 
material during the learning process. The e-module was 
used directly by students in classroom learning 
activities, according to a learning scenario developed 
based on the Project-Based Learning (PjBL) model (Li & 
Tu, 2024; Doyan et al., 2024). After completing the e-
module learning, students were given a post-test. This 
post-test aimed to measure students' understanding 
after using the e-module and to assess the success and 
effectiveness of the e-module as a development product. 

The results of the students' pre-test and post-test scores 
are shown in Table 7. 

Based on the results of the pre-test and post-test 
conducted by the students, the data obtained is as shown 
in Table 7. The average pre-test score obtained by 
students was 68.36, with a minimum score of 56 and a 
maximum score of 77. Meanwhile, the average post-test 
score increased to 85.16, with a minimum score of 80 and 
a maximum score of 92. From these results, it can be 
concluded that there was an increase in student scores 
after using the e-module as a teaching material (Dini et 
al., 2023). This indicates that the developed e-module 
made a positive contribution to student understanding 
of the material. To determine whether the pre-test and 
post-test data were normally distributed, a normality 

test was conducted using the SPSS application using the 
One-Sample Kolmogorov-Smirnov Test (Aini et al., 
2020; Pirdayanti et al., 2022). This test aims to ensure that 
the data meets the assumptions of a normal distribution, 
which is important in determining the next steps in the 
statistical analysis. The results of the normality test using 
the One-Sample Kolmogorov-Smirnov Test are 
presented in Table 8. 

 
Table 8. Normality Test Results 

Tests of Normality 

 

Class 

Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Result Pretest .134 25 .200* .935 25 .111 
Posttest .131 25 .200* .941 25 .155 

        
*. This is a lower bound of the true significance.     
a. Lilliefors Significance Correction     

 

Table 9. Paired t-Test Results 
   Paired samples Test      

   Paired differences      
  Mean Std. 

Deviation 
Std. Error 

Mean 
95% Confidence intervalof the 

difference 
 t df Sig(2-tiled) 

     Lower Upper    

Pair 1 Pre-test  -Post- test -16.800 -7.83 1.56 -20.033 -13.56 -10.72 24 .000 

A normality test was conducted to determine 
whether the pre-test and post-test data were normally 
distributed. This test used the One-Sample Kolmogorov-
Smirnov Test using the SPSS application. The test results 
showed a significance value (sig.) for the pre-test data of 
0.200, and for the post-test data of 0.200. Because the 
significance values for both data sets were greater than 
0.05, it can be concluded that the pre-test and post-test 
data were normally distributed. Therefore, the data met 
the requirements for parametric testing, one of which is 
the paired t-test (Rietveld & Van Hout, 2017;  Abdi, 
2023). After the data were determined to be normally 
distributed, a hypothesis test was conducted using the 

Paired Sample t-test method. This test aimed to 
determine whether there was a significant difference 
between the pre-test and post-test results after the 
implementation of the e-module as a learning medium. 
This study used a single class as a sample, with a total of 
15 students. The paired t-test was conducted on two sets 
of paired data: the pre-test and post-test scores from the 
same students. The paired t-test analysis results showed 
a significant difference between the pre-test and post-
test scores, indicating that the implementation of the e-
module had a positive impact on improving student 
understanding (Yani et al., 2024). The complete results of 
the paired t-test are presented in Table 9. Based on the 
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table 9 in the Paired Samples Test table, it is known that 
the Sig.(2-tailed) value is 0.000 < 0.05, so Ho is rejected 
and Ha is accepted. 
 

Conclusion 
 

Development: This e-module is designed using the 
ADDIE model and integrates the stages of PjBL to 
encourage students to think critically, creatively, and 
actively; Feasibility: The e-module is considered highly 
feasible based on several aspects, namely: Content: The 
material is engaging and supported by illustrations that 
facilitate understanding.; Learning Objectives: The 
activities align with the expected core competencies.; 
Language: The language used is simple and easy for 
students to understand.; Function: The e-module 
encourages active participation and independence in 
student learning; Effectiveness: Post-test results show 
improved learning outcomes after using the e-module. 
This demonstrates that this e-module has the potential 
to enhance students' critical thinking skills through 
projects that stimulate analysis and problem-solving. 
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