Indonesian Journal of Educational Development
(IJED)
Volume 6, Issue 2, 2025, pp. 351-366

ISSN: 2722-1059 (Online); ISSN: 2722-3671 (Print)
DO https://doi.ore/10.59672 /ijed v6i2.4857

Development of E-VIRA (e-module virus integrated reality-augmented):
Enhance mental models and problem-solving skills

Zhafira»!, Yanti Hamdiyati2, Eni Nuraeni’

'Universitas Pendidikan Indonesia, Bandung, Indonesia; zhafira2411@upi.edu
2Universitas Pendidikan Indonesia, Bandung, Indonesia; yhamdiyati@upi.edu
3Universitas Pendidikan Indonesia, Bandung, Indonesia; eninuraeni@upi.edu
“Corresponding author: Yanti Hamdiyati; E-mail addresses: zhafira2411(@upi.edu

Article Info Abstract. Based on the analysis, students lack references and in-

depth, relevant material content, and still use open printed

Atticle history: materials. This results in students' mental models of virus material

Received June 01, 2025 being unscientific, and their problem-solving skills being low. For

Revised June 16, 2025 this reason, an e-module integrated with Augmented Reality (AR)
Accepted June 18, 2025 . . . .

Availible oalise Auguse i, 2025 can be an effective solution. This study aims to develop E-VIRA

(E-Module Virus Integrated with Augmented Reality) to improve
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collection instruments include expert validation sheets and cloze
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validity and readability. Participants were selected using purposive
sampling, involving grade X high school students. The results
showed that E-VIRA was very valid, with a percentage of 97%
and 96% from expert validators, and a readability level of 82%.
Thus, E-VIRA shows good feasibility and validity. The recommendation of this study is to continue the
trial of E-VIRA on a larger scale to measure effectiveness in significantly improving students' mental models
and problem-solving skills, as well as explore its application to other abstract biological concepts.

Introduction

Biology learning enables students to connect with significant environmental and everyday issues.
According to Azizah & Alberida (2021) and Fu'aida et al. (2023), one of the key aspects is the virus
material, which is closely related to the daily lives and problems faced by students. Several research
results show that virus material is one of the most difficult biological concepts for students to
understand (Fauzi & Mitalistiani, 2018). The abstract nature of viruses causes this difficulty and
cannot be observed directly (Ami & Bahrudin, 2024). Students often have difficulty understanding
the abstract and microscopic aspects of viruses (Sholikha et al., 2024). Several research results show
that virus material is one of the most difficult biological concepts for students to understand. The
abstract nature of viruses causes this difficulty and cannot be observed directly (Ami & Bahrudin,

2024). Students often have difficulty understanding the abstract and microscopic aspects of viruses
(Sholikha et al., 2024).

Based on the results of interviews with two biology teachers for grade X at a State Senior High
School in Bandung City on October 29, 2024, researchers obtained an overview of the learning
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process, especially on virus material. Based on the interview results, it was noted that class learning
of virus material involved group discussions and assignments, where students presented the
material they had studied. The obstacles in teaching virus material were that students lacked
references, and the content of the virus material was not deep enough to illustrate. In addition, the
teaching materials used in the learning process of virus material were based solely on printed
materials. This was supported by the answers to the student questionnaire regarding the learning
process of virus material; students felt that virus material was challenging to learn, and the use of
teaching materials was not interesting. Students had difficulty relating the concept of viruses to
everyday life. To overcome this, it is necessary to analyze the mental models of students. The
construction of students' knowledge is a study of mental models. A mental model is a person's
internal representation in accessing their knowledge structure (content knowledge and daily
experiences), which is used in solving problems (Atikah et al., 2023). Understanding the conception
of knowledge in a person can be achieved by analyzing their mental model (Hamdiyati et al., 2018;
Suhardita et al., 2024).

Based on the results of a preliminary study conducted by researchers in October 2024 regarding
students' mental models at SMAN 7 Kota Bandung with 33 samples, it can be seen that the average
mental model of students on the structure of the virus analyzed using the drawing-writing
technique is at the drawing 2-writing 1 level (42.42%) which amounted to 14 students with a total
of 33 students. So it can be concluded that students still have a mental model that is far from the
scientific level of the virus material. In this regard, it is essential to find solutions to improve
students' mental models. Not only technical expertise and mastery of subject matter concepts,
students need to be equipped with a broader range of skills to prepare themselves to face challenges
in the 21st century, such as problem-solving skills, critical thinking, communication, collaboration,
creativity, and innovation, identified as crucial 21st-century skills (Indraswati et al., 2020; Nurhayati
et al., 2024; Widana et al., 2023). One of them is problem-solving skills. Problem-solving skills can
be defined as an individual's skills in using their thinking process to solve problems (Rukhmana,
2021). Furthermore, problem-solving can be interpreted as a thinking process to overcome
difficulties and achieve expected goals (Rahayu & Ismawati, 2019; Sumandya et al., 2025).

In reality, in the field, students' problem-solving skills are still low (Purnadewi & Widana, 2023).
Based on the results of a preliminary study conducted by researchers in October 2024 regarding
students' problem-solving skills at SMAN 7 Kota Bandung with 33 samples, the average problem-
solving skills of students were in the low category with a score of 47.42. This is supported by several
recent research results, which show that students' problem-solving skills in biology, especially those
related to viruses, are generally inadequate. A study of grade X students found that problem-solving
skills were in the "unskilled" category, with an average score of 53% (Marini et al., 2022). Likewise,
a study of grade 11 students revealed "lacking" problem-solving skills in various indicators
(Palennari et al., 2022). At the university level, a study showed that 57% of students had "inferior"
problem-solving skills in biology (Usman et al., 2022). Based on these findings, there is a need for
targeted interventions to improve students' problem-solving skills, especially in biology learning.

In this case, various efforts to improve the quality of learning continue to be carried out, especially
in biology learning, such as developing electronic teaching materials (modules) (Prihatiningtyas &
Tijanuddarori, 2021). E-modules have emerged as effective digital teaching materials in the 21st-
century educational landscape (Mirah et al., 2025). These interactive and self-study materials offer
greater flexibility, accessibility, and engagement for learners (Istiqoma et al., 2023; Lastri, 2023). E-
modules have emerged as effective digital teaching materials in the 21st-century educational
landscape. These interactive and self-study materials offer greater flexibility, accessibility, and
engagement for learners. This shows that e-modules have been widely integrated with the use of
technology.
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Currently, digital technology-based teaching materials are being hotly discussed, one of which is
Augmented Reality (AR). Augmented Reality (AR) technology has emerged as a powerful tool to
enhance learning in schools by visualizing abstract concepts more clearly. AR combines real and
virtual environments, overlaying 3D objects onto the real world to create an interactive and
engaging learning experience (Fawad et al., 2021; Jadhav et al., 2020). AR enables the integration
of learning material representations into students' mental models, so that parts that the naked eye
cannot reach can be depicted through AR visualizations (Wildan, 2023).

Based on the literature review presented, the novelty of this study lies in the development of E-
VIRA (E-Module Virus Integrated Reality-Augmented) as an integrated effort to address two
significant challenges in biology learning: students' low mental models of abstract virus material
and their lack of problem-solving skills. Although the development of e-modules and the use of
Augmented Reality (AR) technology have been widely studied separately, this study offers an
innovative approach by integrating both elements specifically in the context of virus material. This
aims to provide a more interactive and visual learning experience, which is expected to bridge the
gap in understanding the abstract concept of viruses and simultaneously improve students' ability
to solve problems related to biology.

In this context, the implementation of AR-integrated e-modules can be an effective solution to
help students understand these concepts better. By using AR, students can see 3D models of
viruses and interactions in real environments, allowing students to learn more interactively and
enjoyably (Susanti, 2022). Furthermore, the results of other studies show that students are more
interested when using modern technology in learning (Juanengsih, 2022). Therefore, the purpose
of this study is to develop E-VIRA (E-Module Virus Integrated Reality-Augmented) to improve
students' mental models and problem-solving skills. Based on these objectives, this study aims to
investigate the validity and practicality of the E-VIRA in enhancing students' mental models and
problem-solving skills.

Method

The research method employed is Research and Development (R&D), incorporating ADDIE
instructional stages. In the ADDIE instructional stages, there are five stages, namely: (1) analyze,
(2) design, (3) develop, (4) implement, and (5) evaluate. However, the scope of discussion in this
article is limited to the development stage, to comprehensively present the process of needs
analysis, design, and initial development of e-modules that have been compiled and supported by
relevant empirical evidence. Each stage is evaluated against development activities that have a
positive impact on the quality of the product being developed. This research was conducted at
SMAN 7 Bandung City, during the 2025 academic year in the even semester. The research subjects
in this study were 17 grade XI students, and then interviews were conducted with science teachers
related to the researcher. The sampling technique employed was purposive sampling, where
students were selected from schools in the exact research location, provided they had previously
participated in learning about virus material, so that they could provide more targeted feedback on
the readability and understanding of the e-module's content.

The development steps with the ADDIE instructional stages as a whole are presented in the
following figure.
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Image 1. ADDIE Approach Development Chart

A summary of each stage of analysis, design, and development is provided in Table 1.

Table 1Summary of instructional stages carried out

Instructional Phase Activity
Analyze e Needs analysis
e Material analysis
Design o Determination of material
e Creating an e-module outline
e Determining the object of Augmented Reality viral content
e  Unity Augmented Reality application
e Determine other supporting applications or websites
Develop e Realizing the e-module product of virus material that has
been designed into an e-module that is ready to use
e Validation of the products used
e Trials

Complete details regarding the types of instruments used in this study can be seen in Table 2.

Table 2Instruments used in the research

No. Measured Aspects Data source Data §ollecnon Type of
technique Instrument
1. Condition of teaching Teacher Interview Interview
materials in schools guidelines
2. Eligibility Lecturers and expert Distributing closed Closed
e-module developed teachers questionnaires questionnaite
Learners Distributing closed Closed
questionnaires questionnaire
Legibility Distributing cloze tests ~ Cloze test

e-modul

The assessment results obtained from the validation test are calculated and converted into a
percentage using the following formula.

N = = x100%
Nk
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Information:

N : percentage of aspect
K : value of aspect
Nk : value to be achieved

The readability level of E-VIRA (E-Module Virus integrated with Reality-Augmented ) was tested
using the cloze test technique. In compiling this test instrument, several words were removed from
the sentences in the text. The cloze test is considered capable of measuring the readability level of
a teaching material because it can represent students' understanding of a discourse or reading. Three
texts from E-VIRA developed by the researcher were selected to be included in the readability test
instrument. Details regarding the readability test instrument grid can be seen in Table 3.

Table 3E-Module Readability Test Instrument Grid

No.  Topics No. Text
1. Understanding Viruses Text 1

2. Virus Structure Text 11
3. The Role of Viruses Text 111

The deletion of words on the E-VIRA readability test instrument is carried out consistently and
systematically, with a focus on the ninth syllable, aiming to improve students' mental models and
problem-solving skills. The results of the e-module validation calculations that have been carried
out are then adjusted to the eligibility criteria, as shown in Table 4.

Table 4Validity Criteria

Interval (%) Criteria
81.26% < N = 100% Very Valid
62.51% < N = 81.25% Valid
43.76% < N = 62.50% Quite Valid
25% <N = 43.75% Not Valid

The readability test result data is determined using the following formula.

Score acquisition
TK= , x 100%
Maximum score

Information:

TK : Readability level

Score acquisition : Total correct answers from respondents
Maximum score : Total correct answers contained in the instrument

Interpretation of the results of students' readability tests on the cloze test is grouped into categories,
as can be seen in Table 5.

Table 5Deccision Criteria for E-Module Readability Test

Percentage Information
Readability Rate > 57% High

44% =< Readability Level < 57% Medium
Readability Rate < 44% Low
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Results and Discussion

The research conducted is a product development research that follows systematic stages by the
previously established instructional stages. Through this process, information is gathered on the e-
module's feasibility and user response, enabling it to be ready for use in learning. Module
development is carried out using the ADDIE instructional stages, namely a development stage that
includes five main stages: analysis, design, development, implementation, and evaluation. However,
the scope of discussion in this article is limited to the development, with the aim of
comprehensively presenting the process of needs analysis, design, and initial development of e-
modules that have been compiled and supported by relevant empirical evidence. Each stage is
evaluated against development activities that have a positive impact on the quality of the product
being developed. The following is a description of the stages taken by researchers in the process
of developing an augmented reality integrated virus e-module.

Analyze Phase

At this stage, researchers focus on identifying the specific needs of the users of the developed
product, namely, students and teachers. Explains that this analysis includes an evaluation of the
feasibility and requirements needed for the development of teaching materials. The primary
purpose of this stage is to identify problems that arise in the learning process and to compile the
specifications of the required product. By understanding the needs and characteristics of users,
researchers can ensure that the product developed is relevant and can address the challenges in the
environment. The analysis stage is a process of describing what will be done and becomes the basis
for the following stages. The analysis carried out at this initial stage includes interviews with biology
teachers and an analysis of teaching material needs. The purpose of this stage is to assess the needs
of teaching materials, the characteristics of students, and the teaching materials.

Analysis of Teaching Material Needs

Based on the results of interviews with two biology teachers for grade X at SMAN 7 Bandung City
on 29 October 2024, researchers obtained an overview of the learning process, especially on virus
material. Based on the interview results, it was noted that class learning of virus material involved
group discussions and assignments, where students presented the material they had studied. The
obstacles in teaching virus material were that students lacked references, and the content of the
virus material was not deep enough to illustrate. In addition, the teaching materials used in the
learning process of virus material were based solely on printed materials. This was supported by
the answers to the student questionnaire regarding the learning process of virus material; students
felt that virus material was challenging to learn, and the use of teaching materials was not
interesting. Students had difficulty relating the concept of viruses to everyday life.

Learning Material Analysis

Findings from interviews and student needs analysis revealed challenges faced by teachers and
students in delivering and understanding educational materials. The problem lies in the lack of
teaching resources to effectively illustrate virus content. Viruses are a key component of the final
biology curriculum (CP) in Phase E, which focuses on empowering students to design solutions to
problems related to biodiversity, viruses, biotechnology advances, ecosystem dynamics, and
environmental change. These learning objectives were further detailed and transformed into core
subjects in the virus-themed curriculum.

Design Phase

The electronic planning process involves several key steps: determining the material, creating an e-
module outline, identifying the Augmented Reality content object, preparing the Unity Augmented
Reality application, and selecting other supporting applications or websites. After the validation
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instrument is developed, the instrument is consulted and validated by expert educators. Feedback
and recommendations from these experts are then incorporated to refine the instrument to suit
the research effort.

The material in the developed e-module is adjusted to the Learning Outcomes that students want
to achieve, and is developed into clear learning objectives. In this case, the e-module that the
researcher developed for Biology material for SMA/MA class X, with the title "E-VIRA (E-Module
Virus Integrated Augmented Reality) to improve students' mental models and problem-solving
skills".

The material in the e-module that the researcher developed is presented, using images and animated
videos to provide varied representations. The variations presented in the learning material aim to
represent or introduce a concept in a way that facilitates the diversity of students' learning styles
and increases the attractiveness of the e-module to users. After determining the material to be
presented in the e-module, the researcher then makes an outline and layout of the e-module design.
The outline is prepared by compiling the scope of the material in the e-module that is adjusted to
the AR visualization and problem-solving skills that are trained based on learning achievements.

At the design stage, research instruments are also designed to assess the feasibility of the e-module.
Some of these instruments include e-module validity test questionnaires, cloze test instruments,
mental model instruments, problem-solving skills instruments, and student response
questionnaires. The e-module validity test questionnaire was created to collect feedback from
experts or validators regarding the quality of the e-module that the researcher developed.

During the analysis phase, researchers focused on identifying the specific needs of students and
teachers. The main obstacles identified in the field were a lack of adequate references, the abstract
nature of the virus material, and the difficulty of visualizing it directly, and a reliance on
uninteresting printed teaching materials, which made it difficult for students to relate the concept
of viruses to their daily lives and made the virus material difficult to learn. The results of teacher
interviews and student questionnaires consistently show that existing teaching methods have not

been able to overcome conceptual difficulties with viruses and have not stimulated problem-solving
skills.

Develop Phase

The stage after designing the e-module is the development stage. The purpose of this stage is to
transform the designed product into an e-module ready for use. The primary focus of this
development is to create an integrated augmented reality e-module to improve students' mental
models and problem-solving skills, which are declared feasible or valid after being evaluated by the
validators. The results of the e-module development are illustrated in the following Image.
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Materi : Virus

@

a Setelah membaca emodul, peserta didik
mengidentifikasi ciri-ciri virus telanjang.

b.Setelah membaca e-modul, peserta didk mampu

i ciri-ciri virus

c. Setelah melihat augmented reality tentang reproduksi virus
pada e-modul, peserta didik mampu mendeskripsikan cara
virus bereproduksi dengan benar secara berurutan.

d. Setelah membaca e-modul tentang peranan virus, peserta didik
mampu mengidentifikasi permasalahan dengan benar sesuai
wacana yang disajikan

€. Setelah membaca wacana tentang virus pada e-modul, peserta
didik mampu merumuskan masalah dalam bentuk pertanyaan

mam
e virus.

untuk memecahkan masalah.

Materi Pembelajaran

E-modul ini berisi tentang struktur, cara reproduksi, dan peranan
virus dalam kehidupan manusia. Selain belajar untuk memahami
materi tersebut, kalian juga akan belajar untuk merumuskan solusi
dari tiap permasalahan yang disebabkan oleh virus. Tujuan
penyusunan e-modul ini adalah agar kalian memiliki kompetensi
untuk memahami materi tentang virus dan memiliki keterampilan

dan berbagai

alternatif solusi berdasarkan rumusan permasalahan.

. Setelah membaca wacana tentang virus pada e-modul, peserta
didik mampu membuat dan menentukan kesimpulan berupa
solusi terbaik terhadap permasalahan yang berkaitan dengan

dengan benar terhadap wacana yang disajikan
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Image 5Introduction Section of E-VIRA (E-Module Identity, Learning Objectives and Learning

Materials)
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kita , cobalah kalian
perhatikan bentuk kapsid dan keberadaan membran (amplop)
pada masing-masing virus tersebut!

Agar kalian lebih i dan dapat
bentuk struktur tubuh virus, berikut disajikan Augmented Reality
(AR) berkaitan dengan macam-macam bentuk virus pada
Gambar 3 di bawah ini. AR adalah teknologi yang
menggabungkan dunia nyata dengan elemen digital 3D secara

i

Gambar 4 Bentuk-bentuk Virus serta Bagiannya

real-time. Bayangkan kalian sedang melihat dunia sekitar, tetapi
dengan tambahan informasi atau objek virtual yang ditampilkan
melalui perangkat seperti smartphone. Menarik bukan? Nah
sebelum melakukan scan barcode AR terkait bentuk virus,
download aplikasi berikut ini sebagai perantara sebelum
melakukan scan barcode. Berikut barcode dan atau link
aplikasinya
Barcode aplikasi khusus  https://bit.ly/3Grpswt = Atau
untuk canARVIUS  sjlahkan salin fink tersebut
secara lengkap ke browser
Kalian (Google, Mozilla, dan
lain-lain) untuk mendownload

VIRUS BENTUK
TEMBAKAU

Wah hebat! Kalian sudah menjelajahi objek augmented
reality mengenai berbagai macam contoh bentuk virus. Nah, apa
perbedaan yang kalian amati terhadap masing-masing bentuk
virus? Sekarang, mari kita bahas masing-masing dari bentuk
virus tersebut!

Coba kalian amati kembali objek augmented reality bentuk
virus spirall Kalian bisa melakukan zoom out, zoom in dan

aplikas!
o

Gambar 3. Tampilan awal
aplikasi untuk scan barcode AR

Setelah aplikasinya ter-install, maka Kalian sudah dapat
melakukan scan barcode satu per-satu di bawah ini sesuai
petunjuk yang tertera pada aplikasi tersebut. Nah, Gambar 4 di
bawah ini merupakan contoh dari masing-masing bentuk virus
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Petunjuk:

1. Bacalah wacana dengan judul “Meningkatnya Wabah PMK
Saat Menjelang Idul Adha™

2. Kerjakan setiap pertanyaan yang diajukan dengan lugas.

Nah sekarang, agar kalian lebih memahami terkait struktur
virus, lengkapilah peta konsep di bawah inil

Meni tnya Wabah PMK Saat Menjelang Idul Adha

Meluasnya wabah Penyakit Mulut dan Kuku (PMK) pada
hewan temak menimbulkan kecemasan bagi peternak di
Indonesia, apalagi saat menjelang Idul Adha. PMK atau dikenal
juga sebagai Foot and Mouth Disease (FMD) merupakan
penyakit yang disebabkan oleh virus Foot andMouth Disease
Virus (FMDV) yang termasuk ke dalam famili Picornaviridae dan
genus Aphtovirus.

Jenis wabah yang menyerang hewan berkuku belah seperti
sapl, babi, kerbau, hingga domba ini mengalami lonjakan kasus
sejak awal bulan Desember 2024 lalu Hingga saat ini, total kasus
PMK yang telah dilaporkanmencapai 8 483 kasus dengan total
kematian danpemotong aksa ai berikut

Data Kasus PMK 2024

Data tersebut tersebar provinsi, termasuk Jawa Tengah
dan Jawa Timur. Berikut jikan diagram data kasus PMK tahun
2024. Gejala yang ditimbulkan pada temak yang terjangkit PMK
yaitu melepuhnya Kuku dan mulut, lubang hidung dan puting. Hal
ini temak produksi Susu,
keguguran, bahkan Kematian secara mendadak.

SUmber: Www_detik com; WWw.ugm ac id
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Image 7Concept Map Test, Practice, and Problem Solving Skills Test

After the product is developed, the next stage involves validation by experts, who use assessment
sheets from media and material experts to evaluate the feasibility of the e-module product. The
developed augmented reality integrated virus e-module has been validated by two expert validator
lecturers, namely material experts and media experts.
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The validation results of the Augmented Reality-based learning module on cell material can be seen
in Table 6.

Table 6Results of E-Module Content Validity

No.  Aspect Validators X Validator ~ X Maximum X Percentage Interpretation
V1 V2 Score Score (%o)
1. Compliance of Matetial 11 12 11.5 12 96 Very Valid
with the Independent
Curriculum
2. Accuracy of Material 18 18 18 20 90 Very Valid
3. Update of Material 8 8 8 8 100 Very Valid
4. Encouraging Curiosity 8 8 8 8 100 Very Valid
Average 97% Very Valid

The augmented reality integrated e-module achieved an average value of 97% with very feasible or
valid criteria, encompassing four key aspects: the suitability of the material to the independent
curriculum, the accuracy of the material, the up-to-dateness of the material, and the encouragement
of students' curiosity. This shows that the content of the learning e-module is under learning
objectives, the systematic presentation makes it easier for students to understand the material, the
language used in the module is easy to understand and the e-module on the augmented reality
integrated virus material is suitable for use in the learning process to improve students' mental
models and problem-solving skills. This statement is based on several research results that explore
the development and effectiveness of augmented reality (AR) integrated electronic modules in
education. These modules have been created for various subjects, including physics (Purwandari et
al., 2021), thematic learning (Mahmud & Cempaka, 2022), chemistry (Mashami et al., 2021), and
automotive technology (Setyono et al.,, 2023). Research consistently shows that AR-integrated
modules are a viable and effective learning resource. These modules have been found to enhance
critical thinking skills (Mashami et al., 2021), improve learning outcomes (Setyono et al., 2023), and
receive positive responses from learners (Mashami et al., 2021; Purwandari et al., 2021). These
modules typically include features such as 3D visualization, interactive content, and integrated
assessments (Mahmud & Cempaka, 2022; Setyono et al., 2023). Validation processes involving
experts consistently assess these modules as highly valid and suitable for use in learning (Mahmud
& Cempaka, 2022; Mashami et al., 2021; Purwandari et al., 2021; Setyono et al., 2023).

The assessment of the e-module's feasibility in terms of construct validity involves various aspects
related to the learning structure developed. Several indicators considered in the assessment of the
construct validity of the augmented reality integrated e-module include graphic feasibility and

language feasibility. The results of construct validity for each assessment indicator are shown in
Table 7.

Table 7E-Module Construct Validity Results

No.  Aspect Validators X Validator ~ X Maximum  x Percentage  Interpretation
Vi V2 Score Score (%)

Graphic Eligibility

1. Module Size 7 8 7.5 8 94 Very Valid

2. Cover Design 22 22 22 24 92 Very Valid

3. Content Design 41 43 42 44 95 Very Valid

Average Graphics Eligibility Aspect 94 Very Valid

Language Eligibility

4. Straightforward 11 11 11 12 92 Very Valid

5. Communicative 4 100 Very Valid

0. Dialogic and 8 8 8 8 100 Very Valid
Interactive
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No.  Aspect Validators X Validator ~ X Maximum X Percentage  Interpretation

Vi V2 Score Score (o)
7. Conformity to 8 7 7.5 8 94 Very Valid
Student
Development
8. Conformity with 7 8 7.5 8 94 Very Valid
Language Rules
9. Use of Terms, 8 8 8 8 100 Very Valid
Symbols or Icons
Average Language Eligibility 97 Very Valid
Average Construct Validity 96 Very Valid

The results of the E-VIRA construct validity indicator obtained a percentage of 96% with very
feasible or valid criteria. In graphic feasibility, it includes three aspects of assessment, namely e-
module size, cover design, and content design, obtaining a percentage of 94%. This indicates that
the e-module's size and cover design present a good, attractive appearance.

Previous research shows that learning modules designed with attractive covers and illustrations can
significantly increase student engagement and learning outcomes. According to Arifin's (2019)
research, modules with attractive visual designs, including covers, are considered clear and of high
quality by experts. Furthermore, according to McCartney et al. (2022). Modules designed to
highlight the application of biological knowledge in careers can improve the identity and self-
confidence of science students. In addition, modules with discovery image covers have shown

effectiveness in increasing student interest and learning outcomes in plant biology (Suryandari,
2022).

The design aspect of the text message (content) in the e-module shows the appropriateness of the
type of color, spacing, and font size, the accuracy of text presentation, and word choice. Recent
research has shown that well-designed modules that combine images, text layout, and appropriate
overall design significantly improve learning outcomes (Budi Ningrum & Rahmi, 2021). In various
subjects, including geography, Indonesian, and foreign languages, graphical presentation of content
consistently ranks high in material evaluations, often categorized as "very good" or "very
appropriate" (Mahmud & Cempaka, 2022; Safitri et al., 2021). These findings underscore the
importance of visual elements in creating engaging and effective educational resources.

In terms of language feasibility, the developed augmented reality integrated e-module obtained a
percentage of 97% which is classified as very feasible or valid. This shows that the developed e-
module uses straightforward, communicative, dialogic, and interactive language, and is under
correct rules.

The construct validation assessment of the AR integrated virus e-module developed is included in
the valid category of 96%. This means that the e-module is suitable for use as teaching material in
terms of design, layout, typography, and placement of illustrations and images with several
revisions. Improvements to this booklet focus on providing facts related to cells, tissues, and organs
in plants from the authot's environment. The provision of these facts and examples is in the form
of photographs, making it easier for students to understand the material on the structure and
function of plant tissue.

An augmented reality integrated e-module is also measured based on the readability level of the
developed e-module. The readability level of the e-module is determined through a readability test
conducted with a limited trial on students, so that researchers can obtain a better picture of the
readability level of the AR integrated e-module directly. This test is carried out using the cloze test
method, which involves deleting some words from a sentence in a text. In this study, the researcher
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selected three texts from the e-module to assess its readability level, as developed through a cloze
test. A total of 35 respondents from class XI participated in this stage, with the criterion that
students had received material about viruses in previous classes.

During the development of E-VIRA, researchers encountered several obstacles in the field,
particulatly in the process of integrating Augmented Reality (AR) into the e-module. One of the
technical challenges was ensuring the compatibility of the AR application with various student
devices that had different specifications. In addition, during the readability test phase, it was found
that some students still needed initial guidance in operating the AR feature because they were not
yet familiar with the technology. Nevertheless, there was a notable positive aspect in the field: the
students' high enthusiasm for using this module. The students felt that the 3D visualization of the
virus displayed through AR made the previously abstract material more concrete and easier to
understand. Teachers also reported that E-VIRA helped them explain material that had previously
been difficult to visualize using only printed materials or standard presentations.

The results of the AR integrated e-readability test are in Table 8.

Table 8E-VIRA Reability Test Results

Text Number Readability Percentage (%) Interpretation
Text 1 89 High
Text 2 77 High
Text 3 81 High
Average 82 High

Based on the results of the feasibility analysis of E-VIRA (E-Module Virus integrated with
Augmented Reality) shows that in terms of quality and readability, the developed e-module shows
good performance, as revealed in the results of the validity and readability tests that have been
explained previously. In the validity test, E-VIRA can be grouped into the very feasible or valid
category with a content validity of 97% and a construct validity of 96%. Meanwhile, the level of
readability of E-VIRA, which was carried out through a readability test using a cloze test
instrument, obtained a high category of 82%. Thus, E-VIRA has shown a good level of feasibility
and validity, in line with the characteristics contained therein.

Product Advantages Compared to Previous Research

Compared to similar products in previous research, E-VIRA has several distinctive advantages.
Based on literature reviews, previous studies by Mashami et al. (2021); Setyono et al. (2023) have
shown that AR-based modules are effective in improving learning outcomes and critical thinking
skills. However, E-VIRA's advantage lies in its approach that combines microscopic and abstract
virus content with problem-solving skills training based on real-life contexts. In addition, E-VIRA
not only relies on 3D visualization but also incorporates concept evaluation through concept maps,
problem-solving exercises, and mental model assessments, which have not been widely used in
similar products. This integrative approach makes E-VIRA superior in terms of strengthening the
relationship between science concepts and their applications in life.

Despite its many advantages, E-VIRA also has limitations. This module is designed explicitly for
problem-based learning (PBL) or inquiry learning models that emphasize problem solving and
concept exploration. Therefore, its use is less than optimal if applied to conventional learning
models or lectures that have minimal interaction. In addition, dependence on digital devices and
internet connections is also a potential obstacle in schools with limited technological infrastructure.
The use of AR requires devices that can run applications stably, so students without adequate
devices risk experiencing gaps in their learning experience.
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Based on the results and field findings, further research is strongly recommended to conduct
quantitative empirical effectiveness tests through direct implementation in the classroom to
precisely measure improvements in students' mental models and problem-solving skills, as well as
to investigate the perceptions and experiences of both students and teachers during the use of the
module. Additionally, exploring the potential for adapting and developing AR-integrated e-
modules for other similar abstract biological concepts, or even conducting comparative studies
with conventional teaching methods, would enrich our understanding of E-VIRA's innovative
contributions to enhancing the quality of education.

Conclusion

Based on the content validity of the developed E-VIRA, construct validity, and readability level,
this study has successfully developed E-VIRA (E-Module Virus Integrated Reality-Augmented)
which is stated to be very feasible and valid for use in the learning process, as evidenced by the
average score of 97% and 96% from expert validators, and the readability level of 82%. Thus, E-
VIRA has shown a good level of acceptability and validity, in accordance with the characteristics it
contains. It can be concluded that the validity of E-VIRA (E-VIRA module integrated with
Augmented Reality) in improving students' mental models and problem-solving skills is valid for
use in the learning process, as evidenced by the assessment results of two expert validators.

Given the proven validity and feasibility of E-VIRA, further research is strongly recommended to
conduct quantitative empirical effectiveness tests through direct implementation in the classroom
to precisely measure improvements in students' mental models and problem-solving skills, as well
as to investigate the perceptions and experiences of both students and teachers during the use of
the module. Additionally, exploring the potential for adapting and developing AR-integrated e-
modules for other similar abstract biological concepts, or even conducting comparative studies
with conventional teaching methods, would enrich our understanding of E-VIRA's innovative
contributions to enhancing the quality of education.
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