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 The rapid advancement of education has led to a shift toward more 

flexible and student-centered learning. However, instructional 

materials used in schools are still largely conventional and lack 

interactivity, which may reduce student engagement and limit 

conceptual understanding. Therefore, integrating deep learning 

approaches with Universal Design for Learning (UDL) principles into 

digital teaching materials is considered important to promote 

meaningful and inclusive learning. This study focuses on developing 

an e-module on the respiratory system based on a deep learning 

approach integrated with UDL principles, as well as evaluating its 

validity, practicality, and effectiveness. This research adopts a 

research and development (R&D) approach using the ADDIE model. 

The study was conducted at SMAN 6 Sinjai, involving 30 students as 

participants. Data were collected through expert validation sheets, 

practicality questionnaires completed by teachers and students, and 

learning outcome tests. Data analysis was carried out using Aiken’s V 

to assess validity, percentage analysis to evaluate practicality, and N-

Gain to measure effectiveness. The developed e-module incorporates 

meaningful, conscious, and enjoyable learning activities, contextual 

problem-solving tasks, and multiple forms of representation, 

engagement, and expression to accommodate diverse learners. The 

results show that the e-module has high validity, is practical for 

classroom implementation, and is effective in improving students’ 

conceptual understanding, as indicated by the N-Gain results. These 

findings imply that the developed e-module can facilitate more 

meaningful, inclusive, and effective biology learning, particularly in 

enhancing students’ understanding of the respiratory system 
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1. INTRODUCTION  

 

Rapid developments in the education sector over the past few decades have driven a 

significant paradigm shift, with the learning process now moving toward a more flexible and 

learner-centered approach  (González‐salamanca et al., 2020). However, the implementation of 

this approach has not yet been fully realized in educational practice in Indonesia. Based on PISA 

findings, Indonesia was ranked 74th out of 79 participating countries in 2018 and later improved 
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to 68th out of 81 countries in 2022 (OECD, 2019; OECD, 2023). Although there has been an 

improvement in rankings, the overall scores indicate a decline in student performance. This 

suggests that various efforts to improve the quality of education in Indonesia have not yet yielded 

optimal or significant results (Adnan et al., 2025; Ismawati et al., 2023; Wijayanto et al., 2023).  

One factor contributing to the low quality of learning is the availability and quality of 

instructional materials. Research by Megavitry et al., (2023) indicates that the quality of 

instructional materials influences learning effectiveness, academic outcomes, and student 

satisfaction. However, current practices in the field are still dominated by the use of conventional 

instructional materials with limited media variety. Modules serve as an alternative teaching 

material that can be used in both print and digital (e-module) formats. E-modules offer advantages 

by integrating interactive media such as audio, video, and animation, thereby supporting self-

directed and more meaningful learning  (Delita et al., 2022; Setiyani et al., 2020). However, 

research conducted by Syahfitri & Muntahanah, (2023) indicates that the utilization of e-modules 

in biology education remains suboptimal. This is evidenced by limitations in their use and 

availability, as well as students’ low understanding of interactive modules. 

Although e-modules offer various advantages, their use must be tailored to students’ needs 

and circumstances. An analysis of student needs at SMAN 6 Sinjai indicates that they require 

teaching materials that are flexible, interactive, easily accessible at any time, and present content 

in a logical sequence from basic to advanced concepts. Students also expect illustrations, diagrams, 

animations, clear summaries, reflections, and automatic feedback. However, the e-modules 

currently available are still poorly structured, unengaging, and do not fully support student 

engagement in active thinking. This results in students’ learning needs not being optimally met 

and leads to low conceptual understanding. (Adnan & Bahri, 2018). Students’ poor conceptual 

understanding is also evident in various studies. Adnan et al., (2021) reported that only 36.23% of 

students were able to interpret scientific data, indicating a weak understanding of the scientific 

process. Research by Myanda et al., (2020) also found that regarding the respiratory system, only 

37.7% of students understood the concepts, while 41.6% held misconceptions and 20.7% did not 

understand the concepts. This situation indicates that students are still experiencing significant 

difficulties in understanding biological concepts. Therefore, these findings underscore the need for 

more meaningful learning strategies to improve students’ understanding of biological concepts. 

This lack of conceptual understanding can be addressed through the use of visual media 

that helps students visualize the learning process, making complex concepts easier to grasp 

(Menendez et al., 2024). Therefore, electronic modules (e-modules) are considered more practical, 

easier to understand, and capable of incorporating interactive features that printed modules cannot 

provide (Ahmmed et al., 2020). Several studies indicate that interactive digital e-modules tailored 

to students’ needs can update knowledge, improve access to learning, facilitate information 

sharing, and foster creativity and student engagement in learning (Kumar et al., 2023; Setiyani et 

al., 2020). Differences in students’ learning styles, abilities, and backgrounds necessitate the use 

of flexible and adaptive e-modules. The Universal Design for Learning (UDL) approach is relevant 

because it provides an inclusive learning framework capable of accommodating student diversity  

(Bastoni et al., 2024; Roski et al., 2021).  UDL consists of three main principles: engagement, 

representation, and action and expression. The engagement principle emphasizes the use of various 

strategies to enhance student motivation and participation. The representation principle involves 

presenting content in diverse formats to make it easier to understand. Meanwhile, the action and 
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expression principle provides students with opportunities to demonstrate their understanding 

through various means. The application of these principles in digital e-modules is essential to meet 

the diverse learning needs of students  (Casebolt & Humphrey, 2023).  

Although UDL based e-modules can improve accessibility and accommodate various 

learning styles, this approach does not fully guarantee the achievement of deep learning. Therefore, 

a Deep Learning approach is needed that fosters students’ active engagement, critical and 

reflective thinking skills, and meaningful understanding. The Deep Learning approach emphasizes 

a deep learning process through active participation and the ability to apply knowledge to develop 

higher-order thinking skills (Aqeel et al., 2022; Wang et al., 2021). In this study, the application 

of Deep Learning is focused on the educational context in Indonesia by integrating the principles 

of conscious, meaningful, and enjoyable learning, thereby providing a more comprehensive and 

in-depth learning experience   (Mu’ti, 2025)  

To date, the development of e-modules that integrate Deep Learning and UDL remains 

limited, particularly in biology education, even though both play a crucial role in creating deep, 

inclusive, and flexible learning experiences. Theoretically, UDL provides diverse learning 

pathways tailored to students’ needs, while Deep Learning emphasizes critical engagement and 

conceptual understanding. Without UDL, deep learning is not optimally accessible to all students, 

whereas without Deep Learning, UDL tends to become merely a meaningless variation in 

presentation. The integration of both allows students not only to engage but also to achieve a 

deeper understanding (Zhu & Niyozov, 2024) This is particularly important for the complex and 

abstract subject matter of the 11th-grade respiratory system curriculum (Myanda et al., 2020), 

necessitating the development of visual, interactive, and contextual e-modules to support 

understanding while accommodating students’ diverse learning styles. Based on these issues, this 

study aims to develop an e-module based on the Deep Learning approach integrated with the 

principles of UDL for the high school 11th-grade respiratory system curriculum. This development 

is expected to produce digital instructional materials that are adaptive, inclusive, and capable of 

enhancing students’ conceptual understanding more deeply. Additionally, this study also aims to 

evaluate the quality of the developed e-module, covering aspects of validity, practicality, and 

effectiveness in supporting students’ conceptual understanding. 

 

2. METHOD  

 

2.1.  Research Design  

  

This study is a research and development (R&D) project that uses the ADDIE model as its 

development framework. The ADDIE model in this study comprises five main stages: analysis, 

design, development, implementation, and evaluation  (Branch, 2009 in Cheung, 2016). The 

selection of the ADDIE model is based on its systematic and structured characteristics, ranging 

from the needs analysis stage to evaluation at each stage. This makes the model suitable for 

supporting a focused and comprehensive e-module development process in this study. The 

research procedures carried out are described as follows: 
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Figure 1. Research Development Procedures Based on the ADDIE Model 

 

Based Figure 1, the subjects in this study included validators, teachers, and students. The 

validators consisted of three experts in the fields of subject matter, media, and language. In 

addition, this study also involved one biology teacher and 30 eleventh-grade students from SMAN 

6 Sinjai. The sampling technique used was purposive sampling, with participants selected based 

on their suitability for  the study’s objectives. 

 

2.2.   Data Collection Instruments 

 

The instruments used in this study included questionnaires and tests. The questionnaire 

was used to measure validity through expert evaluation and to assess the practicality of the e-

module based on responses from teachers and students. The scale used in the questionnaire was a 
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four-point scale, ranging from 1 (not relevant) to 4 (very relevant). Meanwhile, the test instrument 

consisted of 25 items, including 20 multiple choice questions and 5 essay questions. The questions 

were designed based on cognitive levels ranging from C1 to C6, aiming to measure students’ 

conceptual mastery of the respiratory system material.  

 

2.3.   Data Analysis Techniques 

 

2.3.1. Validity Test of the E-module  

 

The data analysis technique used in the e-module validity test was Aiken’s V formula, 

which aims to measure the level of agreement among expert validators on each item in the 

validation instrument. The validation instrument consisted of 84 items that were evaluated by three 

validators. Aiken’s V formula is presented in Equation (1): 

 

                                                   𝑉 =
∑𝑆

[𝑛 (𝑐−1)] 
                                                                         (1) 

 

The V score is calculated based on the score assigned by the validator (r), taking into 

account the lowest score (lo) and the highest score (c) on the rating scale. The S score is an adjusted 

score, defined as the difference between the assigned score and the lowest score (S = r − lo), where 

lo = 1 and c = 4. The results of the Aiken’s V calculation were then interpreted based on the criteria 

established by   (Siagian et al., 2023), as shown in Table 1: 

 

Table 1. Validity Level Criteria 

Indeks Validasi Aiken’s V Category 

0.75 ≤ V ≤ 1 Highly Valid 

0.50 ≤ V < 0.75 Valid 

0.25 ≤ V < 0.50 Less Valid 

0.00 ≤ V < 0.25 Invalid 

 

Based Table 1, following the validity test, the next step was to conduct a reliability test, 

specifically the Percentage of Agreement test proposed by Grinnell (1988) as cited in (Nasrah et 

al., 2015), using the formula presented in Equation 2: 

 

                                                        𝑅 = 1 −
𝐴−𝐵

𝐴+𝐵
                                                 (2) 

 

The instrument reliability coefficient (R) is determined based on the level of agreement 

among validators, where (A)  indicates the percentage of evaluations that assigned high scores 

(agreement), while (B) indicates the frequency of evaluations that assigned low scores The 

instrument reliability criteria are based on the guidelines proposed by Altman, as cited in  

Sudiyatno (2010), The range of values is interpreted as follows: a value less than 0.20 indicates a 

very low level of agreement; 0.20 – 0.40 falls into the low agreement category; 0.41 – 0.60 

indicates moderate agreement; 0.61– 0.80 is categorized as high agreement; and 0.81 – 1.00 

reflects a very high level of agreement. 
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2.2.1. Practicality Test of the E-Module 

 

To assess the practicality of the e-modules, a questionnaire was administered to teachers 

and students, and the formula presented in Equation 3 was used:  

 

                                               𝑃 =
𝐹

𝑁 
𝑥 100                                                 (3) 

 

The final score (P) is calculated from the obtained score (F) by comparing it to the maximum score 

(N). The results of the practicality test will then be interpreted based on the practicality categories 

according to (Cahyadi, 2019) , as presented in Table 2: 

 

Table 2. Practicality Criteria 

Scale Category 

80 < x ≤ 100 Very Practical 

60 < x ≤ 80 Practical 

40 < x ≤ 60 Fairly Practical 

20 < x ≤ 40 Not Very Practical 

0 < x ≤ 20 Very Impractical 

 

2.2.1. Testing the Effectiveness of the E-module 

 

The effectiveness of the e-module was evaluated using a single-group design with a pretest-

posttest pattern. In practice, a class of 30 students took a pretest before instruction began, followed 

by a posttest after the instructional process was completed. The level of effectiveness was 

determined by comparing the pretest and posttest results using the N-Gain formula  ( Hake, 1998) 

as follows: 

 

                               (𝑔) = 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑔𝑎𝑖𝑛 =
𝑃𝑜𝑠𝑡𝑡𝑒𝑠𝑡−𝑃𝑟𝑒𝑡𝑒𝑠𝑡

𝑆𝑘𝑜𝑟 𝑚𝑎𝑘𝑠𝑖𝑚𝑢𝑚−𝑃𝑟𝑒𝑡𝑒𝑠𝑡
                                          (4) 

 

The results of the data processing will then be converted into categories based on (Kartikasari et 

al., 2023)  as presented in Table 3: 

 

Table 3. N-gain Criteria 

Scale Category 

(g)  ≥ 0,70 High 

0,30 ≤ (g) < 0,70 Medium 

(g) <  0,30 Low 
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3. RESULTS AND DISCUSSION  

 

3.1.  Characteristics of a Deep Learning-Based E-Module Integrated with UDL 

 

3.1.1 Analysis 

 

  The analysis phase aimed to identify the learning needs of 11th grade students at SMAN 6 

Sinjai. Findings from observations and needs analysis indicate that the learning process remains 

constrained by the complexity of biology content, less innovative teaching materials, and the 

limited use of digital learning resources due to inadequate facilities. These factors contribute to 

students’ low conceptual understanding. Meanwhile, although most students have access to digital 

devices and the internet, they require more flexible and interactive learning materials that are 

systematically organized, in depth, contextual, varied, incorporate reflection, and support 

independent learning. This study is directed toward developing interactive and flexible e-modules 

as instructional materials to better accommodate students’ learning needs identified through needs 

analysis. The e-modules were developed to support more meaningful, in-depth, and inclusive 

learning through the application of the Deep Learning approach integrated with the principles of 

Universal Design for Learning (UDL). This approach was chosen because it fosters active student 

engagement and provides various learning access alternatives tailored to individual needs, in line 

with curriculum requirements that emphasize deep and inclusive learning.   

  Findings reported by Ambarita by Ambarita., et al  (2025) indicate that the Deep Learning 

approach transforms the learning process beyond mere memorization by fostering conceptual 

understanding and practical application. This approach also promotes greater student engagement 

and fosters the development of higher order thinking skills, including critical analysis, problem-

solving, and reflective thinking. Additionally, UDL was adopted due to its suitability for 

integration into online modules, as UDL prioritizes flexibility, accessibility, and responsiveness to 

the diverse needs of learners   (Seymour, 2024) 

 

3.1.2  Design 

 

  Referring to the outcomes of the needs analysis, the design phase focused on systematically 

constructing the e-modules by organizing both their structural components and presentation. The 

design included elements such as the cover, introduction, navigation menu, content, learning 

activities, summary, reflection, and assessment. This structured arrangement is intended to 

facilitate students’ understanding progressively, from basic to more complex concepts. Previous 

studies by Delita et al., (2022) and Delungahawatta et al., (2022)  highlight that well-structured e-

modules can promote more independent, adaptive, and flexible learning in accordance with 

students’ learning pace. The e-module cover is designed to be visually appealing through a 

combination of blue, white, and bright colors, featuring illustrations and respiratory system icons 

that align with the content. The design is organized systematically with interactive buttons to 

facilitate navigation. The selection of font type, size, and color is tailored to ensure readability and 

visual harmony, thereby enhancing student interest and engagement. This aligns with the findings  

(Khoirunna’imah & Anbiya, 2024) that the use of colorful and illustrated visual elements can 

support understanding while fostering students’ interest in learning.  
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Figure 2. Initial design of the e-module 

 

Based Figure 2, the main menu of the e-module is designed to help students navigate each 

section systematically, including the introduction, table of contents, learning units, BioLibrary, 

bibliography, and author biography. Each unit contains course material, worksheets, conceptual 

transfer tasks, reflections, self-assessments, and progressively structured assessments to help 

students organize information and understand concepts more effectively  (Hasyim, 2017). 

 

3.1.3  Development 

 

  The e-module was developed using the Canva platform and supported by Padlet and 

Wordwall as supplementary tools. These three applications were used to organize content, present 

interactive activities, and facilitate learning assessments, thereby supporting the implementation 

of the designed instructional plan. In line with this development, in the initial stage, this e-module 

has integrated the Deep Learning approach into the lesson materials through contextual 

introductions, learning objectives, content exploration, and assessment. However, preliminary 

analysis indicates that these learning components do not yet fully reflect the principles of Deep 

Learning in an optimal manner. Based on the validation results, the validators then provided a 

number of improvement suggestions to strengthen the implementation, including adding guiding 

questions, CER-based worksheets (Claim, Evidence, Reasoning), reflection activities, contextual 

transfer tasks, and reinforcing interactive assessments such as crossword puzzles and digital 

quizzes.  
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Figure 3. Pre-revision version of the e-module 

 

             
Figure 4. The appearance of the e-module after revision 

 

  Based Figure 4, the introductory activity begins with a contextual problem accompanied 

by a driving question, followed by the presentation of learning objectives at cognitive levels C4–

C6. During the exploration phase, students engage in guided inquiry through guiding questions 

and in-depth study of the material. Next, CER based worksheets (Claim, Evidence, Reasoning) are 

used to solve problems related to the respiratory system by formulating claims, finding  evidence, 

and presenting  scientific reasoning. Learning is also reinforced through reflection activities and 

contextual transfer tasks, such as relating the material to conditions in the surrounding 

environment. Additionally, the e-module is equipped with interactive features such as videos, 

animations, digital quizzes, and crossword puzzles (TTS) to enhance student engagement. This 

development aligns with the Deep Learning approach as outlined by Zainal et al., (2021) who state 

that this approach enables students to build a more comprehensive understanding through active 

engagement in learning. Additional support is provided by  Ambarita., et al (2025), who highlight 

that the Deep Learning approach extends beyond content mastery by promoting the development 

of students’ higher level thinking abilities, including critical thinking, problem-solving, creativity, 

and reflective thinking. 

  The three principles of Universal Design for Learning (UDL) are integrated into the online 

module through various methods of content presentation, engaging students, and providing them 

with opportunities to express their understanding. Learning materials are presented in various 

formats, such as text, images, videos, and animations, to support diverse representations. Student 
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engagement is encouraged through guiding questions, discussions, and individual and group 

activities. Additionally, opportunities for action and self expression are provided through task 

choices, self-assessment, and reflective activities. Revisions are then made based on validation 

feedback to strengthen the application of UDL principles, including the addition of features that 

allow students to choose how they access learning materials, thereby increasing the flexibility of 

learning according to their preferences. 

 

                                     
Figure 5. Pre- and post-revision views of the e-module 

 

Based Figure 5, the Universal Design for Learning (UDL) approach aims to reduce barriers 

to learning by offering students a variety of ways to access and build knowledge. Therefore, 

learning is designed to be flexible and inclusive through diverse forms of content presentation, 

student engagement, and opportunities to demonstrate understanding. This concept is reflected in 

the design of electronic modules that combine diverse content formats and tailored learning 

activities to support students’ learning needs  (Bastoni et al., 2024; Roski et al., 2021). Integrating 

the principles of Deep Learning and Universal Design for Learning (UDL) into the development 

of online modules supports the design of more inclusive and meaningful learning experiences. 

UDL offers flexible learning pathways, while Deep Learning fosters critical thinking, reflection, 

and deeper conceptual understanding. As a result, the learning process becomes more accessible 

and strengthens students’ overall understanding  (Zhu & Niyozov, 2024). 

 

3.2.  Validity Test Results for the E-module 

 

  The expert validation phase is part of the development process in the ADDIE model. The 

expert validation of the e-module consists of content validation, media (construct) validation, and 

language validation, conducted by three expert validators.  

 

3.2.1.  Content Validation Results 

 

  The results of the validation of the e-module content by subject matter experts are presented 

in Table 4 as follows: 
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Table 4. Results of the Content Validity and Reliability Tests for the E-module 

Aspect 
Statement 

Item 
V (aspect) Description R (aspect) Description 

Content 

Appropriateness 
Items 1-3 0,851852 Very valid 0,904761905 

Very good 

agreement 

Alignment with the 

Curriculum 
Items 4-7 0,861111 

Very valid 
0,857142857 

Very good 

agreement 

Presentation Items 8-9 0,888889 
Very valid 

0,857142857 
Very good 

agreement 

Final Grades for V and R 0,864198 Very valid 0,873015873 
Very good 

agreement 

   

  Based Table 4, the validity test results in Table 4, the content aspect of the e-module 

received a validity coefficient (V) of 0.864198, classified as “highly valid,” and a reliability 

coefficient (R) of 0.873015873, indicating “very good agreement” among validators. The 

summary of the expert validators’ comments on the content aspect of the e-module is as follows: 

 

Table 5.  Analysis of Expert Validators' Comments on E-module Content 

Main theme Description 

Content quality The module is well-structured, and the material on the respiratory 

system is accurate, contextual, and supported by relevant learning 

activities. 

Enhancing Deep 

Learning 

The concepts of deep learning, metacognitive reflection, and the 

integration of Claim–Evidence–Reasoning (CER) in worksheets 

need to be reinforced. 

Suggestions for 

improvement 

Adding references and supporting data, clarifying the stages of deep 

learning, and improving the module’s assessment and navigation. 

 

Based Table 5, these results indicate that the e-module content met the feasibility criteria 

in terms of content accuracy (V = 0.851852), alignment with the curriculum (V = 0.861111), and 

presentation quality (V = 0.888889). This aligns with the findings of Wulandari & Purwanto, 

(2019)  that the integration of competencies, learning objectives, and content tailored to students 

significantly influences the validity of the developed content.  In line with these quantitative 

results, the validators’ comments also indicated that the respiratory system material was deemed 

to have been presented scientifically and systematically, supported by contextual examples and an 

engaging visual design, thereby aiding student understanding. Pedagogically, this can be explained 

through the Cognitive Theory of Multimedia Learning by  (Mayer, 2024) which states that learning 

involves two channels of information processing verbal and visual so that integrating both into the 

e-module enhances understanding while reducing students’ cognitive load.  Furthermore, the use 

of contextual examples aligns with constructivist theory, which emphasizes that knowledge is 

actively constructed through experience and interaction, rather than passively transferred   (Arega 

& Hunde, 2025). Thus, this integration of visual and contextual elements supports meaningful 

learning, as emphasized by  (Jannah & Faelasup, 2025) who state that effective instructional 

materials must be relevant to students’ real lives so that they can be applied in daily life. 
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  Nevertheless, the validators also provided several suggestions for improvement, such as 

adding references to each section, including supporting data as scientific evidence, and 

strengthening the implementation of deep learning through activities that encourage analysis, 

scientific reasoning, and metacognitive reflection. This feedback was then used as the basis for 

revisions aimed at improving the quality and depth of the content in the e-module. 

 

3.2.2.  Media Validation Results 

 

  The results of the e-module validation by media experts are presented in Table 6 as follows: 

 

Table 6. Results of the Validity and Reliability Test for the Media Expert E-module 

Aspect 
Statement 

Item 
V (aspect) Description R (aspect) Description 

Completeness of 

the E-module 

Items 1-6 0,907407 Very valid 0,92857142 Very good 

agreement 

Presentation 

quality 

Items 7-16 0,888889 Very valid 0,9 Very good 

agreement 

Software Items 17-20 0,833333 Very valid 0,84523809 Very good 

agreement 

Consistency Items 21-26 0,87037 Very valid 0,84920634 Very good 

agreement 

Graphics and 

visualization 

Items 27-40 0,920635 Very valid 0,91836734 Very good 

agreement 

Interactivity Items 41-44 0,888889 Very valid 0,88095238 Very good 

agreement 

Emotional and 

social 

engagement 

Items 45-47 0,777778 

 

Very valid 0,88888888 Very good 

agreement 

Inclusivity Items 48-50 0,62963 Valid 0,82222222 Very good 

agreement 

Contextual 

relevance and 

real-world 

connections 

Items 51-54 0,888889 Very valid 0,89285714 Very good 

agreement 

Digital literacy 

enhancement 

Items 55-58 0,861111 Very valid 0,89285714 Very good 

agreement 

Final Grades for V and R 0,87164751 Very valid 0,89146141 
Very good 

agreement 

   

  Based Table 6, the results of the e-module validity test in Table 6 show an average V value 

of 0.8716, classified as “highly valid,” and a reliability coefficient R of 0.8914, indicating “very 

good agreement” among validators. The summary of expert validators’ comments on the e-module 

content is as follows:  
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Table 7. Analysis of Expert Validators’ Comments on the E-module Materials 

Main theme Description 

Media quality and 

presentation 

The visual design, layout, image and video quality, and navigation are 

rated as good and appealing, thereby enhancing the user experience. 

Enhancing 

interactivity 

There is a need to enhance cognitive interactivity, strengthen 

metacognition, and develop assessments based on the Claim–

Evidence–Reasoning (CER) model. 

Recommendations for 

media development 

Maintaining font consistency, enhancing reasoning-based quizzes, and 

improving accessibility features such as captions, alt text, and low-

bandwidth access in accordance with UDL principles. 

   

  Based on Table 7, the analysis results, several aspects received high scores, particularly 

graphics and visualization (V = 0.9206) and the comprehensiveness of the e-module (V = 0.9074). 

This indicates that the quality of the visual design, images, and videos in the module was rated 

very highly and supports the presentation of the material in an engaging manner. This finding 

aligns with the validators’ comments stating that visual design, layout, and media quality are the 

e-module’s primary strengths. Nadori & Hoyi,(2021)  also noted that presenting an engaging e-

module fosters students’ interest in learning.   

  In contrast, the aspects of inclusivity (V = 0.6296) and emotional and social engagement 

(V = 0.7778) received lower scores compared to the other aspects. Theoretically, this can be 

explained through the UDL principle, which emphasizes that the quality of accessibility and 

engagement is determined by the fulfillment of multiple means of representation and engagement 

(CAST, 2024) The lower inclusivity score indicates that the representation aspect is not yet 

optimal, particularly regarding limitations in accessibility features such as subtitles and alternative 

text. Meanwhile, the emotional and social engagement aspects, which remain in the valid category, 

indicate that the engagement principle has been implemented; however, its level of optimality is 

still lower compared to other aspects in fostering students’ emotional and metacognitive 

engagement. Thus, these varying scores reflect differences in the degree to which UDL principles 

have been achieved in the design of the e-modules. This aligns with Sina, (2025) who emphasizes 

that accessibility aims to ensure all learners benefit equally from learning without discrimination. 

 

3.2.3.  Language Validation Results 

 

  The results of the validation of the e-module by language experts are presented in Table 8 

as follows: 

 

Table 8. Results of the validity and reliability tests of the e-module by language experts 

Aspect 
Statement 

Item 
V (aspect) Description R (aspect) Description 

Clear Items 1-3 0,777778 Very Valid 0,904762 Very good 

agreement 

Communicative Items  4 0,888889 Very Valid 0,857143 Very good 

agreement 
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  Based Table 8, the results of the validity test for the language aspect show an average V 

value of 0.8034, classified as “highly valid,” and a reliability coefficient (R) of 0.8644, indicating 

“very good agreement” among validators. The summary of comments from expert validators on 

the language aspect of the e-module is as follows:  

 

Table 9. Analysis of Expert Validators’ Comments on the Language of the E-module 

Main theme Description 

Clarity of language The language of the e-module is clear, communicative, and appropriate 

for the students' level. 

Consistency of 

terminology 

Scientific terminology is used correctly, but there are still some 

inconsistencies in terminology. 

Suggestions for 

improvement 

Simplification of conceptual terms, strengthening of metacognitive 

reflection, and consistent use of terminology. 

  

  Based Table 9, on the analysis results, high scores were found in the communicative aspect 

and adherence to language norms (V = 0.8889), indicating that the language in the e-module was 

rated as clear, coherent, and consistent with Indonesian language norms. This aligns with the 

validators’ comments, who assessed the module’s language as communicative and easily 

understood by students. Communicative language can create a pleasant learning atmosphere 

because it emphasizes communicative interaction among students and active student participation 

(Mubarok et al., 2024). However, the aspects of alignment with student development (V = 0.7222) 

and creativity in language presentation (V = 0.7778) received relatively lower scores. These 

findings are consistent with the validators’ feedback, which suggested simplifying conceptual 

terms such as “Deep Learning” and “UDL,” as well as strengthening the wording of the reflection 

section to better encourage students’ metacognition and scientific reasoning. 

 

3.2.4.  Validation Results for All Aspects 

 

  Based on the results of the content validity analysis conducted by subject matter experts, 

media experts, and language experts, the scores for these three aspects were averaged to determine 

the final validity score of the e-module, as follows: 

Appropriateness 

for students’ 

development 

Items  5-6 0,722222 Valid 0,928571 Very good 

agreement 

Adherence to 

language 

conventions 

Items  7-8 0,888889 Very Valid 0,857143 Very good 

agreement 

Use of symbols 

and icons 

Items  9-10 0,833333 Very Valid 0,857143 Very good 

agreement 

Creative 

presentation 

Items 11-13 0,777778 Very Valid 0,793651 Good agreement 

Final Grades for V and R 0,803419 Very Valid 0,8644688 
Very good 

agreement 
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Table 10. Results of the Validity and Reliability Tests for All Aspects 

  

  Based on Table 10, the e-module achieved an average validity score (V = 0.8464), 

classified as “highly valid,” and a reliability coefficient of 0.8763, indicating very good agreement 

among the validators. The high scores in the media (V = 0.8716) and content (V = 0.8642) aspects 

can be explained by the assessment characteristics, which tend to be more objective, particularly 

regarding visual elements, material structure, and content alignment with the curriculum—aspects 

that validators can directly observe. This aligns with the principles of multimedia learning, which 

emphasize that good visual representation enhances the quality of perception and the suitability of 

learning media (Mayer, 2024). Meanwhile, the language aspect received a lower score (V = 

0.8034) although it remained in the “highly valid” category, which theoretically indicates that the 

level of readability and clarity of instructions remain aspects that are more subjective in expert 

evaluation. In the context of instructional material evaluation, the language aspect is often 

influenced by students’ prior knowledge and reading ability. These factors determine how easily 

students comprehend the language in the text, including sentence coherence and the clarity of 

instructions within the material (Smith et al., 2021). Thus, these variations in validity scores not 

only reflect the level of suitability but also differences in assessment characteristics across aspects 

within the e-module. This reinforces the view of Rofiyadi & Handayani, (2021)  hat expert 

validation is necessary to ensure the acceptability and usability of the module in the learning 

process 

 

3.3.  Results of the E-Module Usability Test 

 

  Once the product has been deemed valid and suitable for use in the learning process, the 

next step in the ADDIE model is the implementation phase, which involves testing the product’s 

practicality with teachers and students 

 

3.3.1. Students 

 

  The results of the e-module usability test conducted on 30 students at SMAN 6 Sinjai are 

presented in Table 11 as follows: 

 

Table 11 Results of the Practicality Test for Students 

Aspect    V-value     Reliability 

Content 0,864198 0,873015873 

Media 0,87164751 0,891461412 

Language 0,803419 0,864468864 

Average 0,846422 0,876315383 

Category     Very valid Very good agreement 

Aspect 
Number of 

Items 
Total Score for each aspect 

Effectiveness 3 305 

Efficiency 3 314 
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  Based Table 11, the total practicality scores for each aspect in Table 11 were then converted 

into percentages and presented in the following bar chart: 

 

 
Figure 6. Percentage diagram of students’ practicality tests for each aspect 

   

  Based Figure 6, the results of the e-module usability test showed a score of 87.60% in the 

“very practical” category, indicating that the e-module is easy to use and supports the learning 

process. A summary of student comments on the e-module usability test is as follows: 

 

Table 12. Summary of Student Comments on the E-module Usability Test 

Main theme Description 

Clarity of content The material is well-organized, clear, and supports the students' 

learning process. 

Ease of use Navigation and features such as voice and audiobooks make the e-

module easy to use. 

Module layout The design is quite appealing, but we recommend adding visual 

elements such as images or illustrations. 

Technical improvements Some sections of the material are too long, and there are minor 

issues with the navigation buttons or unit selection. 

   

  Based Table 12, the results of the e-module usability analysis, most aspects received high 

scores. The highest score was in the creativity category at 89.16%, followed by the interactivity 

category at 88.88%, indicating that the features, layout, and activities within the e-module are 

effective in increasing students’ interest and engagement in learning. The efficiency aspect scored 

82 84 86 88 90 92

Effectiveness

Efficiency

Creativity

Readability

Interactivity

Accessibility

percentage (%)

Creativity 3 321 

Readability 3 311 

Interactivity 3 320 

Accessibility 2 216 

Total score for this aspect  1787 

Maximum score  2040 

Percentage  87,60% 

Category  Very practical 
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87.20% and readability 86.38%, indicating that the e-module is fairly easy to learn independently. 

Meanwhile, the effectiveness aspect scored 84.70% and the accessibility aspect 90%, indicating 

that the e-module functions well and is easily accessible to students during the learning process. 

  The practicality of an e-module is not solely determined by the number of features 

available, but by the extent to which those features can effectively facilitate the learning process. 

Ease of access and structured navigation allow students to manage their learning independently, 

in line with the principles of self-directed learning (Nazarianpirdosti et al., 2021)Additionally, the 

use of audio and visual media helps make the presentation of material clearer and easier to 

understand, as explained in the Cognitive Theory of Multimedia Learning (Cavanagh & Kiersch, 

2023) This explains the high practicality ratings, as the e-module is not only engaging but also 

supports ease of use and comprehension. However, student feedback regarding simplifying the 

language and improving the layout indicates that readability and visual aspects still need 

improvement to optimize the learning experience. 

 

3.3.1. Teacher   

 

  The results of the practicality test of the e-module for biology teachers at SMAN 6 Sinjai 

are presented in Table 13 as follows: 

 

Table 13.  Teacher Practicality Test Results 

  

  Based Table 13, the total scores for the teachers’ practicality test in each aspect in Table 

13 were then converted into percentages and presented in the following chart: 

Aspect Number of Items Total Score for each aspect 

Cover Page 4 15 

Clarity of Figures/Tables 4 13 

Language 4 14 

Clarity of Writing 4 14 

Color Scheme 4 15 

Use of Terms/Symbols/Icons 1 4 

Learning Activities 3 12 

Motivation to Engage with the 

Learning Material 

4 14 

Integrasi Deep Learning 1 4 

UDL Integration 1 4 

Reflection 1 4 

Total score for this aspect  113 

Maximum score  124 

Percentage  91,12% 

Category  Very practical 
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Figure 7. Percentage diagram of the teacher practicality test for each aspect 

   

  Based Figure 7, the overall results of the usability test conducted by teachers showed a 

91.12% rating in the “very practical” category, indicating that the e-module is easy to use in the 

learning process. A summary of student comments on the e-module usability test is as follows:  

 

Table 14. Summary of Teachers’ Comments on the E-module Usability Test 

Main theme Description 

Ease of use Metacognitive reflection features, flexible assignment formats, automated 

summative assessments, and structured worksheets support the learning 

and evaluation process. 

Learning 

organization 

The large number of activities within a single unit requires effective time 

management. 

Technical issues Reliance on an internet connection and the need for an initial learning 

curve when using digital features. 

Suggestions for 

improvement 

Addition of estimated activity durations, provision of an offline version, 

and improvements to the interface and content. 

   

  Based on Table 14, the results of the usability test conducted by teachers, several aspects 

received very high scores: the use of terms/symbols/icons, learning activities, Deep Learning 

integration, UDL integration, and reflection, each of which reached 100%, indicating that the e-

module is easy to use and supports active learning. The cover page and color composition aspects 

received 93.75%, while language, clarity of writing, and motivation to engage with the learning 

material received 87.5%, indicating that the content is presented clearly and engagingly. 

Meanwhile, the clarity of images/tables aspect received 81.25%, though it still falls within the 

“very practical” category. These findings indicate that high ratings of e-modules are influenced 

not only by the presence of features but also by their role in supporting students’ cognitive 

processes and learning regulation. Metacognitive reflection features and structured worksheets 

enable students to plan, monitor, and evaluate their learning processes, which are at the core of 

self-regulated learning (Ratnayake et al., 2024). Additionally, structured reflection helps students 

identify weaknesses and design learning improvements. On the other hand, flexible assignment 

formats and automated summative tests provide rapid and continuous feedback, thereby 

0 20 40 60 80 100 120

Cover Page

Clarity of Figures/Tables

Language

Clarity of Writing

Color Scheme

Use of Terms/Symbols/Icons

Learning Activities

Motivation to Engage with the Learning…

Integrasi Deep Learning

UDL Integration

Reflection

percentage (%)
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strengthening the learning evaluation process (S. K. S. Cheung et al., 2021). These factors explain 

why e-modules are considered effective by teachers, as the available features not only facilitate 

learning but also enhance students’ autonomy and learning awareness. Meanwhile, suggestions 

regarding the addition of time estimates and offline access indicate that optimization is still needed 

in terms of time management and access flexibility to improve the overall user experience

   

3.3.  Results of the E-Module Effectiveness Test 

 

  The descriptive statistics for the effectiveness test of the e-module, conducted using the n-

gain formula, are presented in Table 15:   

 

Table 15  Descriptive statistics for the n-gain test 

 N Minimum Maximum Mean Std. Diviation 

Ngain score 31 0,68 0,94 0,8428 0,07102 

Ngain persen 31 68,29 94,44 84,2818 7,10172 

Valid N (listwise) 31     

 

  Based Table 15, the N-gain test results in Table 15 show an average value of 0.8428, which 

falls into the high category, with a range of 0.68 to 0.94. This relatively high improvement in 

students’ conceptual understanding not only demonstrates the effectiveness of the e-module but 

can also be explained by the application of Deep Learning principles, which motivate students  to 

go beyond mere memorization and strive to understand concepts in a deep and meaningful way. 

Activities such as material exploration, reflection, and contextual tasks within the e-module help 

students connect new knowledge with prior experiences and build a deeper understanding (Wang 

et al., 2021). Cognitively, the integration of multimedia in e-modules supports information 

processing through verbal and visual channels, as described in the Cognitive Theory of Multimedia 

Learning, thereby helping to improve conceptual understanding and retention. Additionally, the 

principles of Universal Design for Learning (UDL), which provide diverse means of 

representation, motivation, and engagement, also enable students with diverse learning 

characteristics to understand the material more effectively (Bastoni et al., 2024). Thus, the high N-

gain score reflects that the e-module design is not only technically effective but also successfully 

facilitates deep learning processes, which contribute to improved student conceptual 

understanding. 

 

CONCLUSION  

 

The Deep Learning-based electronic module integrated with Universal Design for Learning 

(UDL) in this study aims to facilitate meaningful, inclusive, and flexible learning. The research 

results indicate that the electronic module meets standards of validity, practicality, and 

effectiveness. Its suitability has been confirmed through expert evaluation, while user feedback 

indicates that the module is easy to use, engaging, and contributes to enhancing students’ 

conceptual understanding. Furthermore, the integration of Deep Learning and UDL principles in 

this electronic module encourages active student participation and creates a learning experience 

that is more responsive to learners’ needs. These results also indicate that the electronic module 
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can serve as an alternative form of interactive and inclusive digital instructional material, while 

supporting the development of more adaptive and high quality technology based learning.. 
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