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 Abstract. This study evaluates the viability of a problem-
based learning (PBL) e-module on elements, compounds, 
and mixtures through validation by experts and feedback 
from both teachers and students. This study adopted a 
research and development (R&D) methodology guided by 
the ADDIE framework. The participants consisted of 
teachers and students from SMPN 10 Pontianak. The data 
were gathered using an indirect communication method, 

specifically through feasibility assessment sheets and 
questionnaires filled out by both teachers and students. The 
results indicated that the e-module was considered highly 
suitable for use. The validity coefficient were 1.00 from 
graphic design experts (categorized as very good), 0.83 
from linguists (very good), and 1.00 from subject matter 
experts (very good). The average coefficient from experts 
validation was 0.94, which fall into the very good category. 
In addition, teacher and student responses also indicated 
very good results: for the media aspect, each response 
rates were 92% and 85%; for the content aspect, 85% and 
83%; and for usefulness, 86% and 85%. These results 
suggest that the PBL-based teaching e-module is suitable 
and ready to be used in learning activities. 
Keywords: E-module teaching, problem-based learning, 

elements, compounds and mixtures 

 
 

Introduction 

Learning is a fundamental process for acquiring knowledge and developing students' 

abilities, transforming them from not knowing to knowing. Therefore, the learning process 

is expected to be of high quality in supporting students to construct their own 

understanding (Hasan et al., 2021). This philosophy is in line with Ki Hajar Dewantara’s 

educational principles and the implementation of the current merdeka curriculum, which is 

learner-centered (Wahidah et al., 2025). Quality learning requires deliberate efforts to 

create a pleasant and conducive learning environment by providing direct experiences. 

According to Wismath et al. (2015) When students are actively engaged in the learning 

process, their critical thinking and problem-solving abilities tend to improve. Such 

experiences can be fostered through collaboration and social interaction, supported by the 

teacher’s ability to guide students in actively participating in the learning process. 

Thus, active learning is expected to enhance students’ potential and their awareness 

of the surrounding environment. This can be achieved through the use of engaging learning 
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media that support an effective learning process (Yuningsih et al., 2023). Therefore, 

teachers are required to be more creative in developing innovative learning media by 

designing instruction that promotes collaboration, creativity, and problem-solving, as well 

as by creating a learning environment that is responsive to students' needs (John, 2024). 

However, field observations indicate that many teachers still do not utilize a variety of 

learning media to effectively capture students’ attention during the learning process (Yulis, 

2024). 

Based on observations conducted at SMPN 10 Pontianak, several issues were 

identified in science learning, particularly in the topic of elements, compounds, and 

mixtures. Students appeared less active, unfocused, and less serious in completing tasks. 

In addition, the learning media used were suboptimal. For example, the student worksheets 

(LKPD) were still limited, lacking a clear instructional model syntax, and the questions 

provided did not stimulate students to think critically. Furthermore, the practical activities 

in the LKPD were not contextualized with everyday life, thus failing to train students in 

environmental awareness. Therefore, it is necessary to develop appropriate learning media 

and approaches to enhance students’ critical thinking skills (CTS) and motivation to learn 

more effectively. 

The problem-based learning (PBL) approach is recognized as an effective pedagogical 

method for enhancing students’ CTS, as it facilitates collaborative learning, promotes self-

awareness, and engages learners in solving authentic, real-world problems (Murphy et al., 

2025). According to previous research by Anwar et al. (2023), PBL had a significant effect 

of 1.87 in enhancing students’ CTS. Furthermore, a study by Kharismanda et al. (2024) 

found that the implementation of PBL significantly improved student learning outcomes in 

the topic of elements, compounds, and mixtures-from 40.63% in cycle 1 to 78.13% in 

cycle 2. In addition, a literature review by Hamid, (2022) reported that the application of 

the PBL model improved students’ CTS by 40% compared to traditional learning methods. 

Research by Knopfel et al. (2024), also indicated that the application of PBL significantly 

enhanced students’ problem-solving skills, even in the short term, as students were guided 

to identify problems, engage in collaborative discussions, and formulate solutions. These 

findings suggest that the PBL model has a significant impact on improving students’ CTS 

and learning motivation. 

In addition to the implementation of an effective learning model, the use of 

appropriate learning media is also a crucial factor in supporting learning achievement. PBL 

delivered through e-modules can enhance students' ability to learn independently and 

improve their understanding of complex concepts in the learning content (Margalita et al., 

2025). This is supported by the findings of Yulando et al. (2019), which showed that 

electronic modules equipped with features such as quizzes not only increased students' 

motivation and participation in learning, but also fostered a more active, enjoyable, and 

flexible learning environment. Furthermore, research by Jayanti & Pertiwi (2023) 

demonstrated that the use of PBL-based teaching e-modules had a significant impact on 

students’ CTS. Similarly, Rizaldi et al. (2022) reported that PBL-based teaching e-modules 

integrated with practicum activities achieved an effectiveness score of 75.41 in improving 

students’ process skills. In addition, Sari et al. (2025) found that the use of PBL-based 

modules significantly enhanced students’ CTS, with a t-test result of 0.000 and an 

achievement rate of 86.67%, indicating substantial development. Thus, previous research 

suggests that using PBL-based teaching e-modules is an effective way to improve students' 

critical thinking abilities. 

The development of PBL-based e-modules on the topic of elements, compounds, 

and mixtures is proposed as a solution to the issues identified at SMPN 10 Pontianak. This 

initiative is intended to foster greater interest and motivation among students in learning 

science. Furthermore, the developed e-modules are anticipated to enhance the quality of 
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science instruction and function as a pedagogical reference for educators in creating 

innovative instructional materials that align with the objectives of the merdeka curriculum. 

 

Methods 

This research follows a research and development (R&D) approach to carefully 

design, create, and evaluate the product’s feasibility prior to its practical application 

(Sugiyono, 2022). The model used is the ADDIE model-analysis, design, development, 

implementation, and evaluation. However, this study is limited to the first three stages: 

analysis, design, and development (Branch, 2009). The ADDIE model is designed to suit 

the needs and characteristics of learning, emphasizing simplicity, structure, systematic 

flow, and interconnectivity, in order to minimize errors or deficiencies in the developed 

product (Nurhikmah et al., 2023). The steps of the ADDIE model can be seen in Figure 1. 

 

Figure 1. The Steps of the ADDIE Model (Branch, 2009) 

The first step in the ADDIE model is the analysis stage, which involves activities such 

as problem analysis, needs analysis, and curriculum analysis related to learning outcomes 

integrated into the teaching e-modules. These activities involve both teachers and students 

in reviewing the existing teaching content, learning models, and subject content, as well 

as analyzing the learning objectives (CP) and learning achievements (TP) outlined in the 

current merdeka curriculum. This stage serves as an initial step in designing the e-module 

product as an effort to enhance the effectiveness of an engaging and efficient learning 

process (Salsabila et al., 2024). 

The second step, namely the design stage, begins with preparing the e-module 

content framework based on the merdeka curriculum by formulating the CP into TP. A 

storyboard is then developed to outline the flow of material presentation, PBL activities, 

and the e-module’s visual design, which includes layout, illustrations, and color selection. 

At this stage, instruments for data collection are also prepared. The design stage results in 

an initial prototype of the e-module that is ready to be validated by experts and 

subsequently tested. 

The third step, the development stage, was conducted by validating the e-module 

through an assessment process involving experts in language, graphics, and content. 

Validation was carried out by two validators for each aspect, after which revisions were 

made and responses from teachers and students were tested using a response 

questionnaire. The respondents consisted of three science teachers from SMPN 10 

Pontianak and 31 students from class IXG who had previously studied the topic in class 

VIII. The data collection techniques included validation sheets as well as teacher and 

student response questionnaires, which utilized a four-point Likert scale: 4 (strongly 
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agree), 3 (agree), 2 (disagree), and 1 (strongly disagree), to assess the responses toward 

the e-module on elements, compounds, and mixtures. 

The data collected from expert validation sheets, as well as teacher and student 

responses, were analyzed using a combination of quantitative and qualitative methods. The 

quantitative data analysis, using Gregory's formula for expert validation, is presented in 

Table 1. 

 

Table 1. Gregory matrix 

(Source: Lestari et al., 2024). 

Based on Table 1, to calculate the results of the expert assessment, the scoring 

system uses a range of 1-2 for the "less relevant" category and 3-4 for the "very relevant" 

category. This system aims to facilitate decision-making. The formula used is based on 

Gregory's formula. 

Content Feasibility =
D

A + B + C + D
                                   (1) 

Notes: 

A : Total number of items with irrelevant ratings from both raters 

B : Total number of items with irrelevant ratings from rater 1 

C : Total number of items with irrelevant ratings from rater 2 

D : Total number of items with relevant ratings from both raters 

 

The obtained scores are then interpreted using a qualitative table, which can be seen in 

Table 2. 

Table 2. Criteria for validation results eligibility 

Coefficient Criteria 

0.80 – 1.00 

0.60 – 0.79 

0.40 – 0.59 

0.20 – 0.39 

0.00 – 0.19 

Very Good 

Feasible 

Satisfactory 

Not Feasible 

Very Unfeasible 

(Source: Istiqomah et al., 2022). 

Based on Table 2, the feasibility assessment used to evaluate the product includes 

four criteria for determining its feasibility, as rated by experts, with a coefficient range of 

0.00 to 1.00, spanning from the "very unfeasible" to "very good" categories. To analyze 

the data quantitatively for both the teacher's and students' responses, the formula provided 

by Riduwan (2018) is applied. The questionnaire used to measure the responses consists 

of the following categories: STS (strongly disagree), TS (disagree), S (agree), and SS 

(strongly agree). These categories are applied to positive statements, with scores ranging 

from 1 to 4. For negative statements, the scores range from 4 to 1, allowing for a 

 Appraiser 1 

Less relevant 

(Score 1-2) 

Very relevant 

(Scores 3-4) 

Appraiser 

2 

Less relevant 

(Score 1-2) 
A B 

Very relevant 

(Scores 3-4) 
C D 
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systematic measurement of these responses. The following is the formula according to 

Riduwan (2018). 

P =
ΣX

ΣXi
 x 100%                                   (1) 

Description: 

P : Percentage of score acquisition 

ΣX : Total score for each statement 

ΣXi : Number of highest scores 

To calculate the average percentage of student and teacher responses to the learning 

module as a whole, the following formula is used. 

 

P total =
ΣP

n
                                   (2) 

Description: 

P total : Average percentage of responses 

ΣP  : The sum of the average percentage scores for each aspect 

n  : Number of aspects assessed 

The results of the teacher and learner response data are then interpreted based on 

the assessment criteria according to Riduwan, (2018) as shown in Table 3.  

 

Table 3. Teacher and learner response criteria 

Score learner response Criteria 

  0 - 20 

21 - 40 

41 - 60 

61 - 80 

  81 - 100 

Very Poor 

Poor 

Fair 

Good 

Very Good 

(Source: Riduwan, 2018). 

Based on Table 3, the assessment of the developed e-learning module encompasses 

five feasibility criteria within a percentage range of 0–100%, categorized from very poor 

to very good. The obtained data will then be compared with the response criteria table to 

determine teachers’ and students’ responses to the developed e-module. In addition, 

qualitative data in the form of suggestions from validators will serve as the basis for 

revising the product prior to conducting a limited trial at SMPN 10 Pontianak. 

 

Results and Discussion 
 

This study focuses on the development of a PBL-based e-module on elements, 

compounds, and mixtures for eighth-grade students. The development process followed 

the ADDIE model, limited to the development stage, which included validation to assess 

the responses of both teachers and students. The results obtained during the development 

of the e-module are presented as follows: 

The first stage, namely the analysis stage, was carried out to obtain the necessary 

data for designing PBL-based e-modules on elements, compounds, and mixtures. This 

stage involved problem analysis, needs analysis, and curriculum analysis. The purpose of 

the analysis was to develop effective and relevant learning content. An analysis of the 
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existing learning process was carried out to identify prevailing challenges; a needs analysis 

was undertaken to assess the requirements of both teachers and students, ensuring that 

the developed e-modules address those needs; and a curriculum analysis was conducted 

to ensure alignment with current educational standards and the applicable curriculum. The 

results of the analysis stage are presented in Table 4. 

 

Table 4. Results of the needs analysis 

No Analysis stage   Results 

1 

 

 

 

 

2 

 

 

 

3 

Problem analysis 

 

 

 

 

Needs analysis 

 

 

 

Curriculum analysis 

The use of learning resources at SMPN 10 Pontianak is still 

limited, relying on LKPD that do not incorporate a specific 

learning model syntax.  

Students tend to be less active, unfocused, and not fully 

engaged in completing tasks. 

It is necessary to develop more varied teaching content that 

incorporate active learning methods to enhance students' 

interest and understanding, as well as to foster the 

development of their CTS. 

The current curriculum is the independent curriculum, which 

focuses on relevant learning outcomes and the application 

of practical activities to connect the material with everyday 

life. 

 

Based on Table 4, it is evident that there are limitations in the teaching content used, 

and a lack of student motivation is one of the key issues at SMPN 10 Pontianak. As a result, 

students tend to be less motivated and less critical in completing tasks effectively. To 

address these issues, it is necessary to innovate in the development of learning media and 

to select appropriate learning models that encourage students to remain active and critical 

throughout the learning process (Aisyah et al., 2021). One effective solution is the use of 

electronic-based e-modules, which can be accessed at any time and updated in accordance 

with curriculum requirements. With attractive designs and relevant content, these e-

modules can enhance students' motivation and CTS, thereby optimizing the learning 

process (Yulis, 2024). 

Based on the aforementioned problems, a PBL-based teaching e-module was 

developed in the form of a flipbook. This problem-focused electronic learning media is 

designed to encourage students to remain active and critical in solving real-life problems 

(Muthia & Anggereini, 2023). It is therefore expected that students will become more 

engaged and better able to develop their CTS. 

The second stage, the design stage, involved preparing the learning media using 

microsoft word 2021, canva pro, and the heyzine PDF to flipbook website. The e-module 

was structured to follow the standard components commonly found in teaching modules, 

including a cover, module identity, preface, table of contents, learning guidelines, and 

general information such as module details, initial competencies, the Pancasila student 

profile, required infrastructure, and the learning model. The main content consists of 

learning objectives, key concepts, guiding questions, assessments, learning tasks, and 

opportunities for reflection. Additionally, the module contains attachments such as LKPD, 

enrichment and remedial content, reading content, glossary, bibliography, and assessment 

instruments. 

The preparation of this e-module is based on the guidelines by Ulfa et al. (2024), 

which outline teaching module components aligned with the merdeka curriculum. The 

content compiled in this e-module follows the PBL syntax proposed by Pertiwi et al. (2023), 

This includes several stages: introducing the problem, organizing students for learning, 

supporting group investigations, guiding the creation and presentation of their work, and 
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reviewing as well as assessing the problem-solving process. Accordingly, the presentation 

of content on elements, compounds, and mixtures is adapted to this PBL syntax, where 

students are directed to solve problems related to the learning content. The problems 

presented are real-life issues encountered in daily life. Subsequently, the activities carried 

out by students consist of problem-solving tasks and practicum activities. 

The third stage, namely the development stage, involved producing the teaching e-

modules and presenting them in the form of a flipbook. The modules were then validated 

by experts to determine the feasibility of their content prior to use. The recapitulation of 

the assessment results by graphic experts is shown in Table 5. 

 

Table 5. Recapitulation of graphic expert assessment results 

No Before revision After revision 

1 

 

 

2 

 

 

3 

 

 

 

4 

 

5 

The title on the cover does not 

accurately reflect the content. 

 

The color selection on the cover 

requires more consideration. 

 

The cover image and the author's 

name are not visually appealing. 

 

 

The image size in the questions of the 

LKPD is too small. 

The e-module template is not visually 

engaging, and the page numbers are 

poorly aligned with jagged accents.  

The title on the cover was improved by 

adding a comma (,) after the word 

element, as shown in figure 2. 

The color scheme was adjusted by 

selecting three dominant colors: green, 

white, and black, as shown in figure 2. 

The cover image was revised to feature a 

picture of the periodic table of elements, 

and the author's name was added to the 

background, as shown in figure 2. 

The image size in the LKPD questions was 

standardized, as shown in figure 3. 

The template was enhanced to be more 

colorful, and the page numbers were 

changed to a round format, as shown in 

figure 4. 

 

Based on Table 5, it can be seen that improvements to the title, images, and colors 

on the module display, made in response to the comments and suggestions from the 

graphic expert, details of improvements a is down Figure 2. 

 

      

(a) (b)  

Figure 2. Improvements in graphic aspects, (a) before revision & (b) after revision 
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(a)                                                    (b)  

Figure 3. Improvements in graphic aspects, (a) before revision & (b) after revision 

 

      

                                          (a)                                           (b)  

Figure 4. Improvements in graphic aspects, (a) before revision & (b) after revision 

The recapitulation of the assessment results by language experts is presented in Table 6 

Table 6. Recapitulation of assessment results by language experts 

No Before revision After revision 

1 

 

2 

 

 

 

3 

There is a typo in the word 'negative' in 

one of the questions in the e-module. 

In the preface, the use of the 

abbreviations 'SWT' and 'SAW' is 

inappropriate, and the third and fourth 

paragraphs should be combined. 

The use of symbols in the learning 

activities is inaccurate, and the word 

'invites' is also used incorrectly. 

Corrected to the word 'negative,' as 

shown in figure 5. 

The abbreviation 'SWT' was changed to 

'Swt,' and 'SAW' to 'saw'; the third and 

fourth paragraphs were also combined, 

as shown in figure 6. 

 

Symbols were replaced with numbers, 

and the incorrect use of the word 

'invites' was corrected in the learning 

activities, as shown in figure 7. 
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Based on Table 6, detail of improvements to the vocabulary section of the e-module 

content, as suggested by linguists, can be seen in Figure 5. 

 

    

(a) (b)  

 

Figure 5. Improvement of language aspects: (a) before revision & (b) after revision 

 

      

(a)                                          (b)  

Figure 6. Improvement of language aspects: (a) before revision & (b) after revision 
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                                          (a)                                         (b)  

Figure 7. Improvement of language aspects: (a) before revision & (b) after revision 

The recapitulation of the topic experts' assessment results can be seen in Table 7. 

Table 7. Recapitulation of topic experts’ assessment results 

No Before revision After revision 

1 

 

 

2 

The reading topic provided in the e-

module is not comprehensive. 

 

The reading topic in the e-module 

lacks completeness." 

 

Additional reading content on the mixture 

separation method was added, as shown in 

figure 8. 

The term evaporation was accompanied by a 

more complete explanation, namely: 

'Evaporation is the process of changing 

molecules in a liquid state spontaneously 

into gas,' as shown in figure 9 

 

Based on Table 7, detail of improvements can be seen in the completed content of 

the e-module, as informed by the comments and suggestions of the content expert, which 

are illustrated in Figure 8 

 

      

(a)                                     (b)  

Figure 8.  Improvements in topic aspects: (a) before revision & (b) after revision 
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(a)                                              (b)  

Figure 9.  Improvements in topic aspects: (a) before revision & (b) after revision 

The results of the graphical, language, and content validations are calculated using 

the Gregory formula, with two validators for each assessor, as shown in Table 8. 

Table 8.  Results of expert validation for graphics, language, and topic aspects 

Aspects Coefficient Category 

Graphics 

Language 

Topic 

1.00 

0.83 

1.00 

Very Feasible 

Very Decent 

Very Feasible 

Based on the calculation of the assessment of the graphical aspect, namely the 

evaluation of the teaching e-modules by two experts, a coefficient value of 1.00 was 

obtained, indicating a 'very valid' or 'very feasible' category. This demonstrates that, 

graphically, the appearance of the e-module, including the layout and colors used on both 

the cover and content, is cohesive and harmonious. Therefore, with an attractive e-module 

design, it is expected to enhance student motivation in learning about elements, 

compounds, and mixtures, while providing a meaningful learning experience that 

encourages students to become more active in the learning process (Kautsari et al., 2023). 

Based on the results of the language aspect assessment, namely the evaluation of 

the teaching e-modules by two experts, a coefficient value of 0.83 was obtained, indicating 

a 'very valid' or 'very feasible' category. This demonstrates that, in terms of language, the 

use of sentences in the e-module adheres to the PUEBI Indonesian guidelines, avoiding 

ambiguous interpretations (Wahyuni et al., 2025). Additionally, the sentence structure and 

language used are considered effective in helping students understand the content on 

elements, compounds, and mixtures. Therefore, the use of proper and correct Indonesian 

in teaching content is expected to facilitate students' understanding during the learning 

process (Istiqomah et al., 2022). 

Based on the results of the content aspect assessment, namely the e-module 

evaluation by two experts, a coefficient value of 1.00 was obtained, indicating a 'very valid' 

or 'very feasible' category. This demonstrates that the content presented aligns with the 

learning outcomes outlined in the merdeka curriculum. Additionally, the presentation of 

the content in the e-module follows the PBL steps, and the problems presented in the 

content are relevant to everyday life and appropriate for the students' level of knowledge. 

Therefore, it is expected that students will become more active and improve their CTS in 

learning about elements, compounds, and mixtures (Istiqomah et al., 2022). 

Thus, based on the assessment of the graphical, language, and content aspects, the 

overall average validation score of the teaching e-modules is 0.94, placing it in the 'very 

good' category. Therefore, it can be concluded that the developed teaching e-module is 
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suitable for testing. These results are consistent with research conducted by Wibisana et 

al. (2022). 

 

Teacher’s Responses 

After being declared feasible by the experts (validators), a teacher response test 

was conducted on the developed teaching e-module. The test involved three teachers from 

SMPN 10 Pontianak as respondents. The aspects included in the teacher response 

questionnaire were the appearance of the e-module, the alignment of the content with the 

learning outcomes, systematics, and its usefulness for students. The results of each 

teacher's response can be seen in Figure 10. 

 

Figure 10.  Graph of the teacher response results 

Based on Figure 10, the graph of the results of teacher responses to the PBL-based 

teaching e-modules on element, compound, and mixture content shows that, in the media 

aspect, a percentage of 92% was achieved, placing it in the 'very good' category. This 

indicates that the teaching e-module has an attractive visual appearance, a systematic 

layout, and interactivity that supports the learning process. The content aspect received a 

percentage of 85%, also in the 'very good' category, reflecting that the content of the 

content in the e-module is systematically organized, aligns with the curriculum, and 

effectively encourages students to develop CTS through the PBL approach. Meanwhile, the 

usefulness aspect received a score of 86%, showing that the e-module has a positive 

impact on learning effectiveness—especially in improving students’ conceptual 

understanding and encouraging active participation in the learning process. In conclusion, 

the developed e-module achieved a successful design, as indicated by an overall average 

score of 88%, demonstrating its effectiveness as a supplementary teaching material. Its 

engaging, well-structured, and problem-based design is expected to support students in 

enhancing their CTS and maintaining focus during the learning process (Ismail et al., 

2024). 

 

Learner’s Response 

After the teacher response test was conducted, the next step was to carry out a 

student response test with a total of 31 respondents from SMPN 10 Pontianak. The aspects 

included in the student response questionnaire were the appearance of the e-module, ease 

of understanding the content, and its benefits for students. The overall results of the 

student responses can be seen in Figure 11. 

92 85 86

0

20

40

60

80

100

1

T
e
a
c
h
e
r 

R
e
s
p
o
n
s
e
s
 

(%
)

Teacher Responses

Media Aspects Content Aspect Benefit Aspect



 
 

 

Dalilah et al.: Developing a Problem-Based Learning E-Module...... | 867  
 

 

Figure 11.  Graph of the learner response results 

Based on Figure 11, the graph of the students' response results shows significant 

variation in their responses to the developed teaching e-modules. In terms of media 

aspects, the e-module received a score of 85%, placing it in the 'very good' category. This 

suggests that its visual design and presentation were found to be highly engaging, 

interactive, and effective in helping students easily access and understand the given 

problems. Furthermore, the content aspect scored 83%, placing it in the 'very good' 

category. This indicates that the e-module’s content was well-structured, aligned with the 

PBL approach, and effective in promoting critical thinking through contextual problem-

solving in science education. The benefit aspect achieved a score of 85%, which is 

categorized as 'very good'. This indicates that the utilization of the e-module effectively 

enhanced students’ conceptual comprehension and fostered their independent problem-

solving abilities. The overall average percentage for each aspect was 84%, which indicates 

that this PBL-based teaching e-module received a positive response and is effective and 

feasible to use as supplementary media in science learning. It aims to increase active 

involvement and conceptual understanding among students through real-world problems 

(Rahmawati et al., 2022). 

 

Conclusion 

 

This study concludes that the PBL e-module on elements, compounds, and mixtures 

is both valid and feasible for classroom implementation. Validation from graphic design, 

linguistic, and subject matter experts consistently placed the e-module in the “very good” 

category, with an average coefficient of 0.94, indicating strong reliability and content 

appropriateness. In addition, teacher and student responses confirmed its effectiveness, 

highlighting positive evaluations in media design, content accuracy, and practical 

usefulness, with percentages consistently above 80%. These results collectively 

demonstrate that the developed e-module is not only ready for use in classroom practice 

but also has the potential to improve the quality of science learning by fostering student 

engagement, supporting inquiry, and promoting meaningful learning through the PBL 

approach. Future implementation and wider trials are recommended to explore its long-

term impact on students’ conceptual understanding and problem-solving skills. 
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