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Abstract: This research is motivated by the lack of visualization of abstract 
concepts, activation of students' senses and the number of damaged 
electrical kits in Physics causing low understanding of the material. This 
study aims to produce an E-Module that is valid, practical and effective. The 
type of research is research and development (R&D) with the ADDIE model. 
The research process includes analyze, design, development, 
implementation and evaluation. The sample of this research is XII science 
class students of SMAN 1 Kejuruan Muda. The data collection technique 
used was indirect communication technique. The data collection tool used a 
feasibility questionnaire on media, material and language aspects validated 
by three validators. Data analysis technique was done with qualitative 
description. Based on the results of data analysis, the average overall 
feasibility reached 88.00% (very feasible criteria), and the average 
practicality of teachers and students reached 96.00% (very practical criteria). 
The results of the data effectiveness test using one group pre test post test 
with a cognitive Ngain percentage of 81.39% and a psychomotor Ngain 
percentage of 76.39% with an effective interpretation. It can be concluded 
that the E-Module integrated with PhET Simulation can improve the results 
of concept understanding and students' science skills. 
 
Keywords: E-Module; PhET Simulation; Learning; Physic; XII IPA Class 

  

Introduction  
 

Education is a process to develop self-ability 
through character building, intellectual improvement 
and skill development in order to become a qualified 
individual and have broad potential. Law Number 20 of 
2003 states that education is a conscious and planned 
effort to create a learning atmosphere and learning 
process so that students actively develop their potential 
to have religious spiritual strength, self-control, 
personality, intelligence, noble character, and skills 
needed by themselves, society, nation and state. 
Education today is characterized by the development of 
technology that continues to grow in the learning 
process. Therefore, educational institutions encourage 
and support educators to take the initiative in 
educational innovation by designing and developing 

new practices, methods and applied technologies 
(Miranda et al., 2021). Technological developments 
change learning process (Yeni et al., 2019), flexibility of 
learning that includes how to learn, what to learn, where 
and when to learn. (Malkawi et al., 2021; Tarman, 2020). 
Flexibility in the learning process should not deviate 
from the main objective, which is to significantly 
improve the quality of learning outcomes (Ula et al., 
2023). The current learning approach is centered on 
student activeness, known as the student centered 
approach (Naimanova et al., 2023). Therefore, teachers 
have an important role to facilitate teaching materials 
that are in accordance with the material and 
characteristics of students so that learning outcomes can 
be achieved properly. 

Teaching materials are one of the main elements in 
the learning process that students use to learn (Tatli et 
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al., 2023). The main objective in developing teaching 
materials is to improve the efficiency and effectiveness 
of the teaching-learning process in achieving learning 
objectives and improving students' cognitive, affective, 
and psychomotor aspects (Maksum & Purwanto, 2022).  

Physics is part of natural science. In learning 
physics, there are several concepts that are abstract, 
often difficult for students to understand, and require a 
long time to ensure their understanding of the concept  
(Hakim et al., 2022; Nurdini et al., 2022). Physics material 
that is abstract in nature is what makes students must be 
able to understand concepts rather than just memorizing 
formulas (Nabilah & Jumadi, 2022) and must also be able 
to relate those concepts to the real world (Herayanti et 
al., 2022) to solve the problem in life (Saputra & Mustika, 
2022). 

However, in reality, physics materials have not 
been equipped with adequate visualization, so students 
have difficulty imagining and understanding the 
application of these concepts in real situations. 
Therefore, concretization of learning is needed to 
visualize these abstract materials so that it can deepen 
students' understanding of concepts. In addition, 
experimental activities are also needed to prove the 
theory, enrich the learning experience and improve 
students' science process skills.  

This statement is in line with the results of initial 
observations made at SMAN 1 Kejuruan Muda. The 
observation results show that students rarely get 
practical experience related to electricity. This is due to 
the limitations of electrical experimental kits and the 
sensitivity of electrical equipment that is easily 
damaged, as well as safety considerations against 
electrical hazards. This condition is a factor in the low 
learning outcomes of Physics direct current electricity 
material due to a lack of learning experience (Almulla, 
2020; Parker et al., 2022) which results in the quality of 
student understanding being low. 

These problems can be overcome by carrying out 
virtual practicum activities. There are many types of 
virtual practicum that can be used in direct current 
electricity materials such as tinkercard circuit, circuit lab 
and phet simulation. Tinkercard and circuit lab have 
shortcomings, namely web-based so that they can only 
be used online. In addition, virtual practicum using 
tinkercard and circuit lab only focuses on electrical 
material and cannot be used in other physics materials. 
However, phet simulation can be used online and offline 
(Azhar et al., 2024) and can be used on many physics 
materials. Apart  from  that, there are other advantages 
to using PhET, namely being able  to  provide  an  
overview  of  abstract  phenomena  in physics  that  are  
difficult  to  observe  directly  with  the human  senses,  
which  is  possible  and  easier  with  PhET simulations 

(Imaniah et al., 2023). This statement is consistent with 
Arisandy et al (2021) PhET Simulation has the ability to 
transform abstract concepts into more concrete ones 
through visual representation of object movement so 
that PhET simulation can make it easier for students to 
understand (Susilawati et al., 2022).  

Other problem found at SMAN Kejuruan Muda are 
the lack of effort from teachers to develop teaching 
materials that can activate students' senses. The E-
Module is still static and does not cause interaction so 
that learning takes place in one direction and students 
do not actively participate. This hinders their in-depth 
understanding of concepts due to the lack of sensory 
tools used by students to learn, resulting in limited 
retention of student information.  

According to Khotimah et al (2019) The more 
senses students utilize to obtain information, the greater 
the chance that the information will be remembered by 
students. Using e-modules  allows  students  to  be  
involved in  more  than  one  sense (Susanti et al., 2023). 
This opinion is in line with research conducted by 
Nurhidayati et al (2018) e-modules involved  more than 
one sense because equipped with video, audio, image 
and animation that help students to increase their 
knowledge and understanding in learning. E-Modules 
can be used as self-study materials organized into small 
learning units to achieve learning objectives (Etanastia et 
al., 2022). E-modules can also facilitate various learning 
styles and ability levels of students (Yevira et al., 2023). 
E-Modules was chosen  because  it  has  self-instruction  
and self-contained characteristics (Saputri et al., 2023) so 
that it can provide more time for students to learn the 
material taught independently (Asih et al., 2022; Basit & 
Suhartini, 2023; Dini et al., 2023). Therefore, the 
practicum and learning activity guide are packaged in 
an E-Module. 

The situation of SMAN 1 Kejuruan Muda is very 
supportive of making E-Modules integrated with PhET 
Simulation because almost 90% of students have mobile 
phones and the school allows them to bring mobile 
phones, the availability of lcd projectors in each class 
and smartboards in the physics laboratory. 

Based on the explanation above, it is necessary to 
develop teaching materials in the form of E-Modules 
integrated with PhET Simulation. The development of E-
Modules integrated with PhET Simulation is important 
to increase student engagement and motivation in the 
learning process (Sabaruddin et al., 2023). By integrating 
this simulation into the e-module, students can gain a 
deeper and more concrete understanding of physics 
concepts that are abstract and difficult to understand.  

Several studies that have been conducted 
previously reveal that E-Modules aim to increase 
students enthusiasm and interest in learning, help 
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facilitate and simplify the learning process, and provide 
diverse visualizations to better understand learning 
materials (Permadi & Novrianti, 2023). In addition, This 
opinion is in line with research conducted by Yayang 
(2019) E-Modules are a step to add relevant learning 
resources and allow students to learn independently. In 
addition, E-Modules can increase learners' psychomotor 
skills (Purba & Sujatmiko, 2023). So based on some 
previous research results, it can be said that E-Modules 
integrated with PhET Simulation has various positive 
benefits in improving students' cognitive abilities and 
psychomotor skills. 

The problem to be studied in this article is the 
development of E-Modules integrated PhET Simulation 
in Physics Class XII IPA. The purpose of this research is 
seen from several aspects, namely aspects of validity, 
practicality and effectiveness of E-Modules in Physics 
Subjects. This article introduces a new approach in the 
pedagogical design that connects theory with practice 
through simulation. This e-module not only provides 
concept explanations but also provides relevant 
simulation experiences, allowing students to visualize 
and experiment with physics concepts in a virtual 
environment integrated directly in the e-module. 
 

Method  
 

This research uses the Research and Development 
(R&D) method. The Research and Development (R&D) 
method is a type of research that aims to develop 
products and test the effectiveness of these products, 
starting from analyzing needs to conducting product 
trials so that they can be widely applied, especially in the 
context of education in schools (Sugiyono, 2014). The test 
subjects in this study were students in Physics Class XII 
IPA 1 odd semester of the 2024-2025 academic year. The 
data collection techniques used are observation, 
interview and questionnaire. The development model 
used in this research is the ADDIE model (Analysis-
Design-Develop-Implement-Evaluate). The flow of this 
ADDIE development model can be seen in Figure 1. 

 

Figure 1. ADDIE Model Development 
(Darmansyah, 2023)    

The development stages in this article is described as 
follows : 

  
Figure 2. Development Stages 

The validity analysis uses a Likert scale based on the 
validation sheet. The validity score was given using the 
Formula 1 : 

𝑃 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑐𝑜𝑟𝑒𝑠 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑖𝑑𝑒𝑎𝑙 𝑠𝑐𝑜𝑟𝑒
 𝑋 100%    (1) 

 
Description : 
P : Validator percentage gain 
 

The criteria for the level of achievement of the 
validity test by experts in the development of E-Modules 
listed in table 1 : 

Table 1. Achievement Level of E-Module Validity  
Achievement Level (%) Qualifcation 

81-100 Very feasible 

61-80 Feasible 
41-60 Feasible enough 
21-40 Less feasible 
≤ 20 Not feasible 

(Syafril, 2019) 

 
Practicality analysis uses a Likert scale based on the 

practicality sheet. Practicality scores were given using 
the Formula 2 :  

 

      𝑃 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑐𝑜𝑟𝑒𝑠 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑖𝑑𝑒𝑎𝑙 𝑠𝑐𝑜𝑟𝑒
 𝑋 100%    (2) 

 
Description : 
P : User percentage gain 

 

The criteria for the level of achievement of the 
validity test by experts in the development of E-Modules 
listed in table 2 : 
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Table 2. Achievement Level of E-Module Practicality 
Achievement Level (%) Qualification 

81-100 Very practical 

61-80 Practical 

41-60 Practical enough 

21-40 Less practical 

≤ 20 Not practical 

      (Syafril, 2019) 

     
The E-Module effectiveness test was analyzed using 

normal gain to determine the improvement that 
occurred in the pre test and post test after being given 
treatment using the Formula 3: 

 

𝑔 =
                               𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒−𝑃𝑟𝑒 𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒                      

      𝑀𝑎𝑥𝑖𝑚𝑎𝑙 𝑠𝑐𝑜𝑟𝑒−𝑃𝑟𝑒 𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
     (3) 

 
Description : 
g : gain 

 
The results obtained are categorized according to 

Table 3: 
 

Table  3. Normalized Gain Category 

Value (g) Classification 

          g ˂0.30      Low 

          0.70 ˃ g ≥ 0.30   Medium 

       g ˃ 0.70  High 

(Syafril, 2019) 

 
The interpretation of the N-gain category in the 

form of percent (%) listed in Table 4: 
 

Table 4. Normalized Gain Effectiveness Interpretation 
Category 
N-Gain Percentage (%) Interpretation 

<40   Ineffective 

40-55 Less effective 

56-75   Effective enough 

 >76         Effective 

(Syafril, 2019) 

 

Result and Discussion 
 

Results  

This research was conducted based on the 
development stages of the ADDIE model (Analysis, 
Design, Development, Implementation, and 
Evaluation). The results of the research conducted are 
described as follows: 
Analyze 

At this stage, curriculum or material analysis, 
learner characteristics analysis and product needs 

analysis are carried out. The analysis of the curriculum 
or material on Physics subjects developed into E-
Modules as shown in Table 5. 

 
Table 5. Learning Materials and Objectives 

Material Indicators of achievement of learning 
objectives 

Concept 
basic  
Electric 
current  
Direct 

Students can understand the 
concepts of electric charge, current, 
resistance, and potential difference, 

and demonstrate the relationship 
between resistivity, cross-sectional 

area, conductor length, and 
temperature to resistance with the 

PhET Simulation. 
 

Ohm law Students can state Ohm's law, 
explain its application in daily life, 

solve related problems, analyze the 
relationship between current, 

resistance, and voltage in circuits, 
and demonstrate experiments using 

PhET Simulation. 
 

Kirchoff's 
Laws and 
Electrical 
Energy 

Students can state Kirchhoff's laws I 
and II, explain their application in 
daily life, solve related problems, 

calculate power, energy, and 
electricity tariffs, and design an 

energy-efficient house. 
 

Direct 
current 
electrical 
circuit 
analysis 

Students can explain the properties of 
series and parallel circuits, calculate 

and analyze their applications in 
daily life, and design a DC electrical 
circuit with resistors and light bulbs 

using PhET Simulation. 

 
Analysis of learner characteristics are general 

characteristics and specific characteristics. The general 
characteristics are number of students and physical 
condition of students. Specific characteristics are the 
learning styles and learning motivation of students. The 
product needs analysis listed in Table 6: 
 

Table 6. Need Analysis 

Question  
Reality 

Yes No 

Do you have a mobile phone to 
access teaching materials or 
technology-based learning media? 

88.30% 11.70% 

Do you have a laptop to access 
teaching materials or technology-
based learning media? 

29.50% 70.50% 

Have you ever studied using E-
Module integrated with video, 
audio dan animation? 

44.20% 55.80% 
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Question  
Reality 

Yes No 
Have you ever used learning media 
in the form of learning media in the 
form of virtual practicum 
(simulation) in Physics lessons? 

3.00% 97.0% 

Do you need additional teaching 
materials that suit your needs for 
self-study at home? 

97.0% 3.00% 

 
From the above statement, it can be concluded that 

the majority of students already have cellphones, then 
91.20% of students have never used E-Modules, 97.10% 
of students have never used PhET Simulation and 
94.10% of students need independent teaching 
materials. Therefore, E-Modules integrated with PhET 
Simulation are needed in Physics subjects. 

 
Design 

At this stage, the storyboard of the E-Module is 

designed.  Designing the E Module includes the cover, 

layout and content. Cover and layout were designed 

using canva and E-Module content was designed using 

Microsoft Word. 

 

Development  
In this third stage, the E-Module development was 

carried out in accordance with the storyboard that had 
been previously determined. The appearance of the E-
Module that has been developed based on suggestions 
by media experts and revisions made to the E-Module 
with the results can be seen in Figure 3. 

 
  Figure 3. E-Module Development View 

 

The E-Module will appear when the Next button is 

clicked by the user, either student or teacher, then the 

user can view and learn the contents of the E-Module. E-

Module learning activity display is in the Figure 4. 

 
Figure 4. E-Module Learning Activity 

 

E-Module is validated by 3 experts, namely media, 
material and language experts. This statement is 
reinforced by research from Agung & Eliza (2021) stated 
that a valid E-Module is an E-Module that has been 
checked by experts so that the level of feasibility can be 
known.  

The results of the E-Module validation in the fields 

of material, language and media can be seen in Table 7. 

 

Table 7. E-Module Validation Results 

Validation 
Type 

Percentage Category 

Media Expert 93% Very feasible 

Material 
Expert 

83% Very feasible 

Language 
Expert 

89% Very feasible 

Average         88%  Very feasible 

 

Referring to the validity criteria category, the results 
of the E-Module validity are included in the very feasible 
category. The results of the material, language and 
media validity analysis of the E-Module can be seen in 
Figure 5. 

 

 
Figure 5. Validation Result Diagram 

75%

80%

85%

90%

95%

Media
Expert

Material
Expert

Languange
Expert

Average

93%

83%

89% 88%

Validation Results
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Implementation 
In this section is the assessment of the E-Module in 

terms of practicality. The Practicality Test includes an 
assessment of teacher and student responses listed in 
Table 8. 

Table 8. E-Module Practicality Results 

Aspect Teacher 
Percentage 

Student 
Percentage 

Category 

Presentation 98% 96% Very practical 
Display  97% 96% Very practical 

Material 94% 96% Very practical 

Pedagogical 
effects 
 
Average                

97% 
 

 
96% 

96% 
 
 

96% 

  Very     
  practical 

 very  
 practical 

 
The results of the student and teacher practicality 

tests can be seen in Figure 6. 

 
Figure 6. Diagram of Practicality Result 

 
The results of practicality E-Module show that the 

average percentage is very practical category with a 

percentage of 96% from teacher dan students. The 

results of this study are reinforced by research from 

Putra et al. (2017) explaining that E-Modules have a 

practical category, by making interesting content so that 

students are motivated to learn. 

The effectiveness of the E-Module was analyzed 

using one group pretest and postest techniques to 

students in the cognitive aspect seen from the pretest 

results obtained an average of 47.22 and at the time of 

the posttest increased to 87.50 and obtained Ngain score 

and Ngain percent can be seen in Table 9 :  

 

Table 9. Psychomotor Aspect of Effectiveness Gain 
Value 

 N Min Max Mean Std. Dv 

Ngain score 36 0.33 1.00 0.81 0.20 
Ngain 
percentage 

36 33 100 81.39 20.48 

Based on the Table 11, the N gain score is 0.81 
(g>0.7) and is classified as high with the percentage of N 
gain is 81%, therefore it is categorized as effective. The 
results of this study are reinforced by research from 
Hidayati et al. (2020) E-Modules are considered effective 
in increasing learning outcomes of students of the UNP 
Educational Technology Curriculum department.  

In the psychomotor aspect, it is seen from direct 
observation with four categories of psychomotor 
assessment according to Trowbridge and Bybe in 
(Herliani, 2009) is moving, manipulating, 
communicating and creating. Based on the observations, 
the average psychomotor score before using the E-
Modul was 53.33 and increased after using the E-Modul 
to 88.33 and obtained the Ngain score and Ngain percent 
can be seen in Table 10 : 

 

Table 10. Psychomotor Aspect of Effectiveness Gain 
Value 

 N Min Max Mean Std. Dv 

Ngain score 36 0.67 1.00 0.76 0.11 
Ngain 
percentage 

36 67 100 76.39 11.35 

 

Based on the Table 12, the N gain score is 0.76 (g ˃ 
0.7) and is classified as high with the percentage of N 
gain is 76.39%, therefore it is categorized as effective. 
Therefore, the use of E-Modules can improve students 
cognitive and psychomotor learning outcomes. This is 
relevant to the research conducted by Masruroh & 
Agustina (2021) the use of E-Modules in learning 
activities can improve student learning outcomes. The 
learning outcomes in this study were indicated by the 
acquisition of an average posttest score higher than the 
average pretest score in both cognitive and psychomotor 
skills. 

 
Evaluation 

The purpose of the evaluate phase is to assess the 
quality of the instructional products and processes, both 
before and after implementation. At this evaluation 
stage, product quality can be determined through three 
aspects, namely 1) Perception, 2) Evaluation of student 
learning outcomes 3) Product improvement (Branch, 
2009). Based on user perception, from the students point 
of view, it can be explained that E-Modules are very 
effective and useful in the learning process because E-

Modules provide flexibility in learning, students also 
feel motivated to learn because E-Modules are presented 
in an interesting and (Hidayati, Bentri, et al., 2020)fun 
way, and the integration of PhET Simulation can help 
understand abstract Physics material. Meanwhile, from 
the teacher's side, the E-Module is considered very good 
to be used as independent teaching material for 

0%

20%

40%

60%

80%

100%

Teacher Student

96% 96%

Practicality Results 
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students, because its components can be followed by 
students without direct instruction from the teacher. In 
addition, the integration with PhET Simulation is also 
considered to improve students' thinking skills and 
learning activeness. Therefore, this E-Module is 
considered a positive innovation in supporting learning, 
both in terms of students and teachers, and is expected 
to be applied more widely in the learning process.  

The following is an analysis of student learning 
outcomes both cognitive and psychomotor aspects can 
be seen in Figure 7. 

 

 
Figure 7. Improved Student Learning Outcomes 

 

Based on the picture above, it can be concluded that 

student learning outcomes before using E-Modules are 

lower than after using E-Modules. Therefore, E-Modules 

can improve student learning outcomes in both 

cognitive and psychomotor aspects.  

 

Discussion 

The results of the E-Module development can 

activate students' senses because it integrates video and 

animation. The more senses used for learning, the easier 

it is for educators to convey information so that they can 

achieve the expected goals (Zahwa & Syafi’i, 2022).  The 

virtual PhET Simulation practicum in the E-Module also 

makes it easier for students to understand abstract 

material. This statement is in line with the research of 

Armansyah et al. (2019) stated that visualization in 

learning can facilitate student understanding because it 

provides a visual representation of concepts that are 

difficult to understand. Simulations in E-Modules can 

also help develop process skills. This is in line with the 

theory of E. Dale, namely the cone of experience (Dale 

Cone of Experience) 1946 in Taibu et al. (2021) which 

states that people will usually remember 10% of what 

they read, 20% of what they hear, 30% of what they see, 

50% of what they hear and see, 70% of what they write 

or say and 90% of what they do. Therefore, the results 

showed that direct experience using PhET Simulation in 

the E-Module gives a deep impression of the 

information received so that it can improve process skills 

because students can explore and gain practical 

experience to prove the theoretical concepts that have 

been taught. The results also show that E-Modules can 

also increase students' learning independence. This is in 

line with the research of Hidayati, Bentri, et al. (2020) 

stated that media that integrates text, images, 

animations, and videos can be used independently by 

students because it provides flexibility in learning, 

allowing them to repeat the material according to their 

individual needs and speed. 

Conclusion  
 

Based on the results of research and discussion of 
the product development of e-modules integrated with 
PhET Simulation in learning Physics Class XII IPA, it can 
be concluded that the developed E-Module integrated 
PhET Simulation integrated are valid with a percentage 
of 88.30% was obtained with feasible criteria. E-Module 
integrated PhET Simulation on physics learning class XII 
IPA in high school developed is very practical with a 
percentage of 96% from teachers and 96% from students. 
E-Module integrated phet simulation on physics 
learning class XII IPA in high school developed is 
effective. The results of the data effectiveness test using 
one group pre test post test with a cognitive Ngain 
percentage of 81% and a psychomotor Ngain percentage 
of 76.39% means that there is a significant difference 
between before being treated with phet simulation 
integrated e-module after being treated. 
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