SR LT NV P,
TP om nen sk

JPPIPA 12(2) (2026)

Jurnal Penelitian Pendidikan IPA

http:/ /jppipa.unram.ac.id/index.php/jppipa/index

Development of Interactive Digital Books with Augmented
Reality and Virtual Reality in Plant Physiology

Aulia Afza', Diana Susanti!, Nursyahra!, Mourend Defegi?, Bambang Supriatno?, Riandi?

! Department of Biology Education, Universitas PGRI, Padang, Indonesia.
2Department of Technology Information, Universitas PGRI, Padang, Indonesia.
3Department of Biology Education, Universitas Pendidikan Indonesia, Padang, Indonesia.

Received: December 05, 2025
Revised: January 12, 2026
Accepted: February 25, 2026
Published: February 28, 2026

Corresponding Author:
Aulia Afza
dianasusantimpd@yahoo.co.id

DOI: 10.29303 /jppipa.v12i2.13729

© 2026 The Authors. This article is
distributed under a (CC-BY License)

Introduction

Abstract: Plant Physiology is a compulsory course in the biology and biology education
study program. The material has a high conceptual complexity, presenting
physiological processes, including biochemistry, cellular biology, molecular, genetics,
and environmental interactions which constitute the complexity of science.
Interdisciplinary, requiring students to integrate knowledge from various disciplines.
Interviews revealed that the material is complex, encompassing the study of cells,
anatomy, biochemistry, and their relationship to the environment. The available
teaching materials are primarily PowerPoint presentations. Lecturers lack teaching
materials that adequately explain the mechanisms that occur within the plant body.
One effective approach is to utilize interactive digital textbooks equipped with
Augmented Reality (AR) and Virtual Reality (VR). This research aims to develop an
interactive digital with AR and VR for the Plant Physiology. This research is a
developmental study using the 4D model. This study was limited to the development
stage, which aimed to determine the validity of the digital book. The instrument used
was a digital book validity analysis questionnaire. Data analysis used the percentage
formula. The results of the study show that the interactive digital book equipped with
AR and VR in the plant physiology course is valid with a validation value of 91.82%.
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on the basic knowledge of photosynthesis. Interviews
revealed that the material is complex, encompassing the

Plant Physiology is a compulsory course in the
biology and biology education study program. The
material has a high conceptual complexity, presenting
physiological processes, including biochemistry, cellular
biology, molecular, genetics, and environmental
interactions which constitute the complexity of science
(Dejonghe & Russinova, 2017). Interdisciplinary,
requiring students to integrate knowledge from various
discipline (Ausubel, 2002). Difficulties are also
encountered with the concepts of osmosis and
plasmolysis (Mauro et al., 2003). Misunderstandings
about the role of carbon dioxide and sugar in the
(Jan¢atikova & Jancatik, 2022). This hinders students'
ability to understand more advanced concepts that build
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study of cells, anatomy, biochemistry, and their
relationship to the environment. The available teaching
materials are primarily PowerPoint presentations.
Lecturers lack teaching materials that adequately
explain the mechanisms that occur within the plant
body. One effective approach is to utilize interactive
digital textbooks equipped with Augmented Reality
(AR) and Virtual Reality (VR).

AR is a technology that combines digital elements
with the real world (Crogman et al., 2025). AR is more
effective in conveying auditory information (Huang et
al., 2019), offering real-time guidance that increases the
speed of task completion (Pinto & Huertas, 2025),
enabling the use of real-world tools, increasing user
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satisfaction (Lisle et al., 2023). Users can view virtual
objects in 2D and 3D that appear like the real world
through the aid of a camera, smartphone, computer
webcam, tablet or special devices such as AR glasses or
headsets. The use of AR is able to equip students with
contextual experiences in understanding lecture
material (Lisle et al., 2023). AR can improve the learning
process and student interest in learning because AR
itself has entertainment aspects that can increase interest
and project it in real terms by involving the interaction
of all five student senses. VR is a technology that creates
a completely artificial environment, providing a realistic
and/or believable experience synthetically or virtually
(Shen & Shirmohammadi, 2008). On the other hand, VR
creates a simulated three-dimensional (3D) environment
that allows users to explore and interact with the virtual
environment.

Research results show that the use of AR shows
significant results regarding the integration of AR and
VR technology to enhance the learning experience (Al-
Ansi et al.,, 2023; Bermejo et al., 2023). Research results
show that interactive digital books have been proven to
improve students' representation skills in traditional
methods (Panuqih et al, 2024). Improved student
learning outcomes and demonstrated their effectiveness
in facilitating a more in-depth learning experience (Xu et
al,, 2023). Allowing students to visualize and interact
with content in ways that traditional texts cannot
provide (Pineda et al., 2022). So, students learn at their
own pace and access material anytime and anywhere
and are able to develop literacy skills (Lépez-Escribano
et al., 2021). Looking at the existing research evidence, it
is hoped that this innovation has enormous potential to
improve students' learning experiences. Related
research on digital textbooks integrating AR and VR has
shown that Bio-Meta is well-received and suitable for
use as a learning medium (Abbas Shah et al., 2024).

The development of AR-based learning media for
photosynthesis facilitates user interaction in real-world
settings (Istmadelia & Tyas, 2024; Singh & Ahmad,
2024). AR-based flipbooks provide an interactive and
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engaging learning experience for students (Mohideen,
2024). The integration of AR and VR technology into
interactive digital textbooks offers significant potential
for improving the quality of lectures, making the
material more engaging and interactive, and helping
students better understand complex concepts. This
research aims to develop an interactive digital textbook
equipped with AR and VR for the Plant Physiology
course.

Method

This research is a developmental study using the 4D
model (Azzahra & Ninawati, 2024). This study was
limited to the development stage, which aimed to
determine the validity of the digital book. The
instrument used was a handout validity analysis
questionnaire. The questionnaire was completed by
seven validators. The data analysis technique used the
percentage formula:

— Scores obtained | o O

minimum score

Based on the obtained V value, validity criteria are
established as shown in Table 1:

Table 1. Validity Criteria

Validation Score Category
0-20 Invalid
21-40 less
41 - 60 Enough
61 -80 Valid
81 -100 Very valid

Result and Discussion

Validity testing was conducted by several expert
lecturers using a validity questionnaire instrument. The
validity questionnaire indicators included material,
media, and language. The validity data can be seen in
Table 2.

Table 2. Validity Results of Digital Books Equipped with Augmented Reality (AR) and Virtual Reality (VR) in the

Plant Physiology
Aspect Validator Total Validation Score (%) Criteria
1 2 3 4 5 6 7

Language 36 39 33 39 35 36 38 256 91.43 Very valid
Material 63 71 70 71 62 58 70 465 92.26 Very valid
Media 72 78 78 80 70 59 77 514 91.79 Very valid
275.48%

91.82% Very valid

Based on Table 2, it can be seen that the digital book
equipped with AR and VR that was developed has met
the product validity requirements. For the language

aspect, the validation value of the digital book equipped
with AR and VR is 91.43% (very valid). For the material
aspect, the validation value of the digital book equipped
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with AR and VR is 92.26% (very valid). For the media
aspect, the validation value of the digital book equipped
with AR and VR is 91.79% (very valid). The average
validation value of the digital book equipped with AR
and VR is 91.82% (very valid). In terms of language,
digital books equipped with AR and VR are declared
valid because the language used complies with the
Indonesian Spelling Standards (EBI). Good and clear
language is language that meets the communication
needs of language learning. Correct language is
language that complies with linguistic rules (Binder et
al., 2022).

In addition, the effective choice of words and
sentences makes this digital book easy to understand for
readers. The digital book also contains consistent terms
and symbols so as not to confuse readers. Effective
sentences are clear, concise, and straightforward
sentences so that they can be easily understood by
students. Effective sentences are sentences that are not
ambiguous and do not obscure the meaning (Frances,
2024). By using the right language rules, the information
from this digital book equipped with AR and VR will be
conveyed well. For the material aspect, digital books
equipped with AR and VR are declared valid because
they contain physiology material correctly. The
presentation of AR and VR is in accordance with the
truth of the material and is presented in an interesting
way. In addition, the level of depth of the material is in
accordance with the category of higher education.
Digital books not only present information textually, but
are able to enrich the learning experience and various
learning styles of students (Natsir et al.,, 2022), self-
regulated learning that provides interactive and
multimodal resources (Mashfufah et al,, 2019) users
experience learning in a more immersive way (Engberg
et al., 2018).

AR combines digital elements with the real world
(Krichenbauer et al., 2018). VR creates a fully digital
environment, students can explore plant ecosystems and
biological interactions in realistic simulations, which
increases user comfort and interaction (Agarwal et al.,
2024; Selvan et al., 2024). Use of the product increases
student motivation and engagement (Hari et al., 2025;
Nikou, 2024), interacting with real-time stories creates
new conventions for multimedia experiences that
transition smoothly between discursive and immersive
modes. For the media aspect, digital books equipped
with AR and VR are declared valid because they have
presented good fonts, layouts and writing combinations
that are easy to read. In addition, the color degradation
used in digital books is good and attractive to readers.
The use of varied colors aims to attract attention and
interest, but also considers user comfort (Dou et al,,
2025). Then, images and AR and VR already have an
emphasis on the learning objectives to be achieved. In
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compiling teaching materials, it is necessary to include
clear illustrations and images so that students can see the
actual material being studied (Kooijmans et al., 2024;
Scherer et al., 2023). The development of interactive
digital textbooks equipped with AR and VR brings
innovation to learning design, enhancing students'
understanding of complex, engaging, and interactive
concepts (Oo et al., 2024).

The main innovation is the availability of digital
textbooks with the ability to visualize physiological
processes in real time. AR can visualize difficult-to-
understand 3D models through text or images,
reinforcing understanding through an immersive visual
experience. VR, conducting virtual experiments in
complex environments (Yingsoon et al, 2024) provides
opportunities to learn from mistakes in simulations
bridging the gap between theoretical knowledge and
practical application in educational settings (Lawson et
al., 2025; Ding, 2024). This innovation also supports
collaborative learning, collaborating on interactive
projects, sharing knowledge, discussing findings, and
providing feedback to build a collective understanding
of the material being taught (Osmani & Murati, 2024;
Shofa et al., 2024; Farika et al., 2024; Ghafar, 2024). The
development of interactive digital textbooks with AR
and VR not only introduces a more modern and effective
learning design but also prepares students to face real-
world challenges with better skills and deeper
understanding.

Conclusion

Based on the research, it can be concluded that
interactive digital books equipped with AR and VR have
been developed and are valid. This digital book meets
product validity requirements and brings key
innovations in Plant Physiology learning, namely: Real-
Time Visualization: AR visualizes difficult-to-
understand 3D models through text/images, while VR

creates a fully digital environment for virtual
exploration and experimentation; Enhanced
Understanding;: AR/VR enhances students'

understanding of complex concepts, bridging the gap
between theoretical knowledge and practical
application; Engagement and Motivation: The use of this
interactive product increases students' motivation and
engagement; Supports Collaborative Learning: This new
format facilitates interactive projects, knowledge
sharing, and discussions.
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