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Abstract: This study aims to produce a biology e-module using Augmented Reality 

technology and a deep learning approach, and meets valid, practical, and effective standards 

in improving students' scientific literacy skills. The effectiveness test was conducted using 

a pre-experimental design one-group pretest-posttest design, and the results were analyzed 

using the N-Gain index. The process of creating the e-module follows a 4-D model 

consisting of four stages: define, design, development, and disseminate. However, this 

study only reached the development stage due to time constraints. The study shows that: (1) 

The development of the e-module obtained an average validity value of 3.4 based on the 

opinions of experts and practitioners, so it is considered valid; (2) the practicality aspect is 

met because the implementation of learning runs smoothly and the responses from teachers 

and students are in the very practical category; and (3) the e-module is proven to be 

effective in improving scientific literacy skills, as seen from the N-Gain value of 0.56 

which is included in the moderate category. Thus, it can be concluded that the biology e-

module based on Augmented Reality with a deep learning approach has met the criteria of 

being valid, practical, and effective, and is suitable for use as a learning medium to improve 

the scientific literacy of high school students. 
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Introduction 

Advances in modern science and technology have driven changes in the way schools teach 

science, with a focus on improving the standards of the science curriculum in secondary schools. 

Students must strive to become scientifically literate, meaning they can understand scientific ideas, 

analyze data, and base their conclusions on facts (Hidayanti & Noviati, 2023). Changes in educational 

practices are needed to help students better understand complex ideas and develop critical thinking 

skills, as several studies have revealed that students' current scientific literacy levels are far from 

adequate (E. Suryani et al., 2024). Based on the 2022 PISA analysis, Indonesian students' science 

literacy scores are well below the OECD average. Comparative research based on PISA 2022 data 

shows Indonesia's science score is around 383 points, while the OECD average is around 485 points. 

Only around 34% of Indonesian students achieve basic competency (Level 2). (OECD, 2023). Biology 

learning is complex and often abstract, especially material related to cells, tissues, and organ systems. 

Teaching material using only verbal explanations or static media is generally ineffective in helping 

students construct comprehensive conceptual representations. This results in poor conceptual 

understanding and the emergence of misunderstandings. Therefore, learning media that can provide 
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clearer and more interactive visualizations are needed to facilitate the process of knowledge 

construction (S. I. Suryani & Sandika, 2022). One option is the implementation of Augmented Reality 

(AR) technology in the learning process. This technology enables the interactive integration of virtual 

objects with the real world, thereby enriching the learning experience for students (Sa'diah et al., 

2022). The application of AR in education has been shown to enhance conceptual understanding 

through more vivid three-dimensional visualizations while increasing student participation in learning 

activities. Furthermore, AR can overcome the shortcomings of traditional media by offering a more 

relevant and technology-based learning experience (Amalia & Prasetyo, 2025). In addition to 

increasing motivation and learning engagement, the use of Augmented Reality (AR) also contributes 

to improving students' scientific literacy because it helps them understand scientific concepts in a more 

concrete, interactive, and contextual way. 

Several studies conducted in Indonesia have shown that augmented reality (AR)-based 

learning materials significantly improve student academic achievement. Augmented Reality (AR) 

helps students understand abstract concepts through interactive visualizations, thereby improving their 

learning outcomes (Adi & Putri, 2025). Furthermore, AR can strengthen students' reasoning and 

higher-order thinking skills by creating a more engaging and participatory learning environment(Azka 

& Prasetyo, 2025.). This research suggests that augmented reality may be a breakthrough for students 

pursuing degrees in biology, which require sophisticated theoretical knowledge. Beyond the use of 

technology, learning methods are also crucial in improving the quality of education. One important 

method is deep learning, which emphasizes a deep understanding of concepts, relationships between 

them, and students' reflective skills. In the deep learning approach, there are three important elements 

that are often used, namely meaningful learning (meaningful learning), joyful learning (enjoyable 

learning), and mindful learning (conscious and reflective learning). These three elements support each 

other to create deep and meaningful learning. (Ramadhan, 2025). When used in conjunction with AR 

and other technology-based learning strategies, this strategy significantly improves learning outcomes 

by helping students go beyond memorization; it fosters conceptual understanding (Salsabila & 

Aryanto, 2026). In line with advances in digital technology, electronic learning materials such as e-

modules are also increasingly developing and have the potential to improve the quality of learning. 

The term "e-module" refers to organized and interactive digital learning resources, allowing students 

to learn at their pace. Augmented reality (AR) technology, when combined with e-modules, can 

provide students with a more dynamic, adaptive, and personalized educational experience. 

Technology-based e-modules have demonstrated their ability to enhance students' independent 

learning and boost their classroom engagement (Azhari & Nugraha, 2026). 

However, the development of Augmented Reality-based e-modules integrated with deep 

learning approaches is still quite limited, particularly in biology learning at the high school level.  A 

literature review on AR in biology education shows that most studies focus on improving learning 

motivation, conceptual understanding, visualization of biological objects, and student engagement 

through constructivist or inquiry-based approaches. However, very little research has been reported 

explicitly integrating AR with a Deep Learning pedagogical framework (Azzahra et al., 2024). Many 

studies focus more on the use of AR technology without linking it to a more in-depth learning 

approach, so the potential of this technology to improve scientific literacy remains underutilized. 

Furthermore, recent studies have shown that augmented reality (AR) can increase student engagement 

and enthusiasm for learning, which in turn improves learning outcomes, when used in science classes 

(Indayana & Indrapangastuti, 2025). The fact that augmented reality (AR) can be integrated into e-

modules and other digital pedagogical tools offers great prospects for improving science education 

and, more broadly, scientific literacy (Isnaeni & Sa'diyah, 2024) 
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Based on these issues, it is necessary to develop an augmented reality-based biology e-module 

with a deep learning approach that can help students understand concepts in a more in-depth, 

interactive, and contextual way. This development is expected to not only contribute to deepening the 

understanding of biological concepts but also strengthen students' scientific literacy at the high school 

level. Therefore, the purpose of this study is to create an augmented reality-based biology e-module 

with a deep learning approach and to test how effective the module is in improving students' scientific 

literacy. The results of this study are expected to contribute to the development of innovations in 

technology-based learning and become an alternative solution to improve the quality of teaching. 

Method 

 The research method used in this research is the R&D (Research and Development) method 

by accommodating the 4D model, namely Define, Design, Develop and Disseminate by Thiagarajan 

and Semmel. Due to time constraints, the study process was directed to the development stage, thus 

focusing on the development and testing of the learning e-module. The effectiveness of the e-module 

was tested using a pre-experimental design with a one-group pretest-posttest. In this approach, one 

group is tested with a pre-treatment pre-test and a post-treatment post-test to determine whether there 

has been an improvement in student performance. This study was conducted at SMA Negeri 2 

Tabanan in the 2025/2026 academic year, with the participation of 32 10th-grade students. The 

research subjects consisted of experts, practitioners, and students. Expert validation was conducted by 

two lecturers who acted as assessors for the material and construct aspects, while practitioner 

validation involved eight high school biology teachers. The product trial was conducted in one class, 

10th-grade Science 3. The sample was selected using the Purposive Sampling technique based on 

certain considerations, namely students who fit the research characteristics, teachers of related 

subjects, or schools that have research support facilities. The research focused on an augmented 

reality-based biology e-module with a deep learning approach learning using the Web-based 

Application Assembler Edu. Data collection utilized several instruments, including validation sheets, 

observation sheets from the learning implementation, questionnaires for teacher and student responses, 

and a scientific literacy test on the material of Biodiversity and Ecosystems. All of these instruments 

were previously validated by experts and analyzed using Gregory's formula to ensure their feasibility. 

The indicators measured to determine students' scientific literacy are: Describing phenomena 

scientifically, evaluating and designing investigations scientifically, interpreting data and evidence 

scientifically. The collected data were analyzed descriptively and quantitatively to assess product 

quality based on three aspects: validity, practicality, and effectiveness. Validity was assessed based on 

expert assessments of content and constructs, with categories ranging from very valid to not valid. 

Practicality was measured through the implementation of the learning and responses from teachers and 

students, which were analyzed based on average scores and converted into predetermined criteria. 

The effectiveness of the e-module was measured by observing the development of learning 

outcomes, analyzed through the N-Gain score obtained from comparing pretest and posttest scores. By 

analyzing the data using the N-Gain test, researchers were able to determine the extent to which 

students' scientific literacy skills improved after using the developed electronic module. N-Gain 

analysis is used to measure learning effectiveness based on a comparison of pretest and posttest scores 

literacy (Zendrato et al., 2024). 

Results and Discussion 

In the define phase, a needs analysis was conducted, including a review of the curriculum, 

student characteristics, and the biology learning situation in grade 10 at SMA Negeri 2 Tabanan. The 
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results of this analysis indicated that teaching methods were still dominated by traditional approaches 

that were not fully effective in supporting the visualization of abstract concepts. Students faced 

difficulties in understanding material that required three-dimensional representations, such as cell 

structure and organ systems. Furthermore, scientific literacy skills were not optimally developed 

because learning did not fully focus on improving critical thinking skills. These findings indicate a 

need for innovation in learning that can integrate technology with appropriate pedagogical methods. 

Therefore, the development of an augmented reality-based e-module with a deep learning approach 

was considered a relevant solution, as it could meet the visualization needs while simultaneously 

fostering deeper conceptual understanding. 

The design phase resulted in an e-module design that combined three main elements: 

biological material, augmented reality technology, and a deep learning approach. This e-module was 

structured to include learning objectives, core material, AR-based exploration activities, exercises, and 

evaluations. The deep learning approach was implemented through activities that encouraged students 

to connect concepts to relevant phenomena, conduct independent exploration, and reflect on the 

learning process. At the same time, biological objects are displayed in interactive three-dimensional 

forms using augmented reality technology. The goal of this integration is to make learning more 

engaging and interactive so that students can gain a deeper understanding of the material, rather than 

simply memorizing facts and figures. 

The development phase was the primary focus of the research, encompassing expert 

validation, practicality testing, and evaluation of the effectiveness of the learning instruments. 

Assessments conducted by material and construction experts indicated that the e-module was 

categorized as valid to highly valid. Content validity indicates that the content aligns with the 

curriculum, is scientifically accurate, and relevant to learning needs. Construct validity, on the other 

hand, indicates that the presentation elements, language use, and application of technology and 

learning approaches have been structured systematically and logically. Analysis using Gregory's 

(2000) formula demonstrated a high level of agreement among the validators, thus deeming the 

learning tool valid for testing. This high level of validity indicates that the resulting product meets 

quality standards in both substance and design. The products created in this research include learning 

tools such as Lesson Implementation Plans (RPP), biology e-modules, and evaluation instruments. 

Before being used in the field test, all instruments underwent a validation process by two lecturers. 

Furthermore, the science literacy test was field-tested and demonstrated that all items were suitable for 

use in research. 

Based on the validity test findings shown in Table 1, two phases of assessment were 

conducted for this learning module: expert validation and empirical validation. As practitioners, 

biology professors and instructors participated in the empirical validation process. The validation 

process yielded an average validity score of 3.4. Therefore, the e-module is feasible to implement, 

although some adjustments may be needed based on the validators' suggestions for further refinement. 

Some suggestions from the validator are: Correct some scientific terms to be more consistent and in 

accordance with scientific language rules, Correct the wording of some questions to avoid multiple 

interpretations, and Work steps in the LKS need to be made clearer and more structured. 

Table 1. E-module validation test results 

Aspects Tested Validity Results Criteria 

E-Module Content 3.5 Valid 

Lesson Plans 3.5 Valid 

Evaluation Tools 3.4 Valid 

Worksheets 3.4 Valid 

Average 3.4 Valid 
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The validity criteria were determined based on the mean scores obtained from expert 

judgments using a 4-point Likert scale. The product was categorized as highly valid if the mean score 

ranged from 3.26 to 4.00, valid if it ranged from 2.51 to 3.25, fairly valid if it ranged from 1.76 to 

2.50, and not valid if it ranged from 1.00 to 1.75. A product was considered feasible for use when it 

achieved at least the valid category (mean score ≥ 2.51). 

The level of validity of the designed learning e-modules is influenced by several aspects, one 

of which is the alignment of the e-module's constituent elements with the validation instrument criteria 

deemed valid by experts. This is reflected in the average validity score achieved, which falls within the 

valid category. The designed e-modules have passed both content and construct validity testing. The 

developed material aligns with the stated learning objectives and is based on applicable theoretical 

ideas, thus ensuring content validity. These results are consistent with research by Suci Ramanda et al. 

(2023), which found that modules developed using reference theory are more likely to pass validation. 

Meanwhile, construct validity is evident in the systematic relationships between components 

within the learning e-modules. The integration between the sections indicates that the module structure 

is structured logically and consistently. By meeting these two validity aspects, the resulting e-module 

can be declared valid and suitable for use in learning activities, both in terms of content and 

construction. 

The practicality of the e-learning module was assessed through three key indicators: learning 

implementation, teacher reactions, and student reactions. The results of the practicality test, presented 

in Table 2, demonstrate that the designed e-module has a very good level of practicality. Learning 

strategies can be implemented according to plan using observation data. Teachers can implement the 

e-module effectively, while students can participate smoothly in learning activities. Student responses 

indicate that the use of the AR-based e-module provides a more engaging and digestible learning 

experience. When presented in a three-dimensional format, ideas previously difficult for students can 

be easily grasped. Furthermore, there was a significant increase in student engagement in their own 

education. 

Conversely, teacher feedback indicates that the e-module is easy to use and effectively 

supports learning implementation. This demonstrates that the learning tool is not only practical from 

the user's (teacher's) perspective but also provides convenience and tangible benefits to students in 

their learning process. 

 

Table 2. Results of the module practicality test 

Aspects Tested 
Practicality Test 

Results 
Category 

Module implementation 3.4 Practical 

Teacher response 3.5 Very practical 

Student response 3.5 Very practical 

Average 3.5 Very practical 

 

The study findings show that the AR-based biology e-module with an immersive learning 

approach is considered practical. The learning implementation level received an average score of 3.4 

(practical), while responses from teachers and students each achieved an average score of 3.5 in the 

very practical category. This achievement is influenced by the module's well-planned structure, 

accompanied by easy-to-understand instructions, comprehensive materials, and evaluation tools that 

help assess student abilities. Furthermore, the module's development has been adapted to students' 

learning needs, considering that traditional teaching materials such as textbooks or worksheets are 

often irrelevant and difficult to apply in the teaching and learning process. The next step is to evaluate 
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the e-module's effectiveness through a science literacy test that includes a pretest and posttest, 

supported by a student response questionnaire. The effectiveness analysis was conducted by 

calculating the N-Gain, and the results are presented in Table 3. 

 

Table 3. Results of the analysis of the effectiveness of the e-module using the n-gain formula 

Components 
Average Score 

Skor N-Gain Category 
Pretest Posttest 

Number of Students 32 32 

0,56 Moderate 
Lowest Score 3,84 53,84 

Highest Score 34,61 80,74 

Average Score 17,54 64,53 

 

Analysis of the effectiveness of the e-module, conducted using the N-Gain calculation, 

showed an increase in students' scientific literacy outcomes. The average pretest score was recorded at 

17.54, then increased to 64.53 in the posttest. Students' scientific literacy skills were shown to improve 

significantly after the implementation of the e-module. The N-Gain value of 0.56 is considered 

moderate, indicating that the AR-based biology e-module utilizing deep learning successfully 

improved students' scientific literacy levels. The moderate N-Gain value is certainly influenced by 

several factors, such as differences in students' initial abilities and limited learning time. Therefore, a 

moderate N-Gain value still indicates that the product or learning implemented is effective and can 

significantly improve students' abilities. The level of achievement of each scientific literacy indicator 

was also analyzed using the N-Gain value. Table 4 shows the detailed achievement for each metric. 

 

Table 4. Results of achievement of each scientific literacy indicator 

Components 
Average Score Skor N-

Gain 
Category 

Pretest Posttest 

Describe Phenomena Scientifically 26.56 72.65 0.62 Moderate 

Evaluate And Design Research Scientifically 0.78 56.25 0.55 Moderate 

Interpret Data And Evidence Scientifically 17.18 62.27 0.54 Moderate 

 

With an N-Gain score of 0.62, scientific explanations of events proved to be a crucial 

component. The N-Gain score was 0.55 for the section related to evaluation and design of scientific 

research and 0.54 for the section related to interpretation of data and scientific evidence. Overall, the 

results for each aspect of scientific literacy after implementing the E-Module can be categorized as 

good. Differences in N-gain between aspects are influenced by variations in student abilities. While 

some students have exceptional memory and comprehension skills, others require more time to fully 

absorb the material (Rahmawati et al., n.d.). Students' overall scientific literacy skills improved when 

their N-Gain scores were moderate across all categories. 

When students were able to connect theoretical ideas with experimental findings from animal 

and plant cells, they demonstrated progress in the scientific explanation of events. The biology e-

module, based on augmented reality and using a deep learning approach, provided visual illustrations 

and observational videos that helped students identify procedural errors and formulate solutions 

aligned with scientific concepts. The use of learning materials supplemented with images and 

animations has been shown to positively contribute to improving scientific literacy (Fatikha, 2026). 

Furthermore, learning activities that encourage students to understand phenomena and generate 

hypotheses also contribute to developing their ability to explain phenomena scientifically 

(Musfirayanti et al., 2024a). Learning that connects material to everyday situations can increase 

student interest and participation. The presentation of real-life phenomena makes students more 
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enthusiastic about understanding the scientific concepts being studied (Musfirayanti et al., 2024b). In 

indicators related to the evaluation and design of scientific research, student skill improvement is in 

the moderate category. This can be seen from changes in student abilities before and after the 

implementation of the E-Module. Before the learning process began, students faced challenges in 

formulating procedures for observing plant cells, but after the learning process, students became more 

proficient in designing the steps for these observations. 

The integration of augmented reality technology with a deep learning approach in the E-

module enables students to identify problems, design procedures, collect information, and evaluate 

results, effectively supporting the development of their scientific literacy. The limitations of this 

study are: This study was only conducted in one school so that the results of the study cannot be 

generalized widely, The study only focused on two specific biology materials so that the 

effectiveness of e-modules on other materials is not yet known, The use of Augmented Reality-based 

e-modules still depends on the availability of smartphone devices and the quality of students' internet 

networks and The study only measures students' scientific literacy abilities in certain aspects so that it 

does not cover all indicators of scientific literacy as a whole. 

Conclusion 

Based on the results of the study, it can be concluded that: (1) Using an average score of 3.4, 

the newly designed biology E-module based on augmented reality using deep learning techniques 

demonstrates good validity. (2) The resulting E-Module meets all the specified requirements 

practically. The average score of 3.41 in the practical area for the learning implementation over four 

sessions clearly demonstrates this. As an added bonus, the implementation of the module received an 

average score of 3.5 from both teachers and students, placing it squarely in the “very practical” 

category. Using an N-Gain value of 0.56, which falls within the moderate range, the resulting e-

module meets the effectiveness criteria, indicating that students’ abilities improved after using the 

module. The results of this study are expected to be a reference for teachers and researchers in 

developing innovative technology-based learning media to face the demands of 21st century learning. 
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