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INTRODUCTION

Plant tissue culture practicums in universities are an important aspect of biotechnology
development, aiming to improve students' understanding and skills. Plant tissue culture, as an
application of biotechnology, plays a significant role in increasing agricultural productivity and
biodiversity conservation, and can be acquired through direct practical experience. Plant tissue
culture practicums in the field face several challenges, such as many high school students in
Yogyakarta often encounter difficulties in learning plant tissue culture due to inadequate laboratory
facilities and the lack of an adequate curriculum. These practicum activities need to be designed to
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strengthen the understanding of the theories taught in class(Restiani et al., 2024). Furthermore,
training for teachers in the field of plant tissue culture is also needed so that they can more
effectively convey this material to students(Ali et al., 2024).

The role of hands-on practicums in higher education contexts is also understood as key to
strengthening theoretical mastery(Ode et al., 2022). One crucial aspect of tissue culture practicums
is contamination control, which poses a significant challenge in the development of in vitro
cultures. Research conducted by (Sucahyo et al., 2023) revealed the importance of identifying
contaminating microbes and implementing appropriate sterilization measures. By applying these
principles, students can learn to obtain better cultural results. Furthermore, the use of natural
extracts in culture media, as demonstrated by Martiwi and Wahyuni(Martiwi & Wahyuni, 2016),
illustrates an innovative approach to improving tissue culture efficiency.

Problems encountered during the plant tissue culture practicum at the Tissue Culture
Laboratory of Universitas PGRI Pontianak revealed that many students were still confused when
analyzing the culture stages being carried out, calculating the appropriate media composition for
plant growth. In addition, several types of explants experienced contamination before they could
grow, so the practicum could not be continued. This could occur due to several factors, such as
limited practicum equipment used and an inappropriate sterilization process. The limitations of
this practicum equipment can be overcome by the use of augmented reality media during the
practicum. Based on the results of a preliminary questionnaire given to SO prospective teacher
students of the Biology Education study program at Universitas PGRI Pontianak, it was found that
the lateral thinking skills and digital literacy of the prospective teacher students were still relatively
low. This was evident from the questionnaire distributed, if students still had difticulty finding
solutions to problems encountered during the practicum. In addition, it was also known that
students were still stiff in using technology as a learning resource. Students had difficulty filtering
factual information or opinions related to the information obtained. This is the focus of this study,
where researchers want to see the relationship between the use of augmented reality media during
Plant Tissue Culture practicums with lateral thinking skills and digital literacy of prospective
Biology teacher students. Lateral thinking skills and digital literacy are essential for prospective
teacher students because they prepare them to face complex educational challenges in the 21Ist
century. Lateral thinking encourages students to approach problems creatively, explore multiple
perspectives, and generate innovative solutions rather than relying solely on conventional methods.
For tuture teachers, this ability is crucial for designing engaging learning experiences, adapting
teaching strategies to diverse student needs, and fostering critical and creative thinking in their own
classrooms. Meanwhile, digital literacy equips teacher candidates with the competence to effectively
use digital tools, evaluate online resources, and integrate technology into the learning process. In
modern education, teachers are expected not only to use technology but also to guide students in
navigating digital information responsibly and productively. Together, these skills support the
development of adaptive, innovative, and reflective educators who can thrive in a rapidly changing
educational environment and help their students do the same.

The application of Augmented Reality (AR) in educational contexts has gained significant
momentum, particularly in the formulation of e-modules that enhance the learning experience. This
integration leverages the interactivity and immersive characteristics of AR technology to facilitate a
more engaging educational environment. The literature presents strong evidence that AR-based e-
modules can significantly improve student achievement, motivation, and cognitive skills in various
disciplines, particularly science. Studies have shown that AR enhances learning by providing an
interactive environment where students can visually grasp complex concepts. AR can improve
student achievement and foster positive attitudes toward learning in subjects such as science
through interactive practice(Riyanti et al., 2022). Furthermore, AR also plays a crucial role in
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simplifying abstract concepts and facilitating better visualization and interaction with complex
scientific ideas such as electromagnetism(Faridi et al.,, 2021). This aligns with the findings of Alam
et al. (2020), who demonstrated that AR applications lead to improved academic performance and
motivation in biology learning. These indications highlight that AR not only aids knowledge
retention but also enhances the overall learning experience, as students interact with both real and
virtual components of the learning materials, in line with insights from (Verkhova et al.,, 2019).
Furthermore, various studies have shown that AR not only enhances individual learning but also
fosters collective learning experiences. AR transforms classrooms into engaging environments that
not only engage students but also encourage peer collaboration, ultimately leading to better
outcomes. The interactive nature of AR applications requires teamwork, thus contributing to
students' social skills in addition to their academic abilities(Alam et al., 2020).

Lateral thinking skills and their enhancement through the integration of augmented reality
(AR) technology represent a significant area of educational innovation. Lateral thinking, as defined
by Edward de Bono, emphasizes a non-linear approach to problem-solving that requires creativity
and innovative thinking beyond traditional deductive reasoning(Azrai et al, 2023). The use of
augmented reality can significantly enhance these skills by providing an interactive and immersive
learning environment where students can explore scenarios that stimulate creative problem-solving
(Anggraini et al., 2024; Sari Dewi & Kuswanto, 2023).

The effectiveness of augmented reality in promoting critical thinking—a skill closely related
to lateral thinking—has been documented. For example, research shows that AR learning media
can improve critical thinking skills across a range of subjects, including physics and biology (Bakri
et al., 2020; Hidayat et al.,, 2024). The real-time interaction provided by AR allows students to
manipulate visual elements, fostering an environment conducive to exploring multiple solutions to
a problem while encouraging creative outcomes (Ramadhani et al, 2022). By enhancing
constructive dialogue within the learning experience, AR not only helps students engage with
content at a deeper cognitive level but also fosters the innovative thinking required for effective
lateral thinking (Nusroh et al., 2022; Usmaedi et al., 2020).

Furthermore, through augmented reality worksheets and digital textbooks, students are
encouraged to apply their creative thinking skills in a structured format. This method has been
shown to facilitate a better understanding of complex concepts, encouraging learners to analyze and
synthesize information in new ways(Lismaya et al., 2022). Research shows that integrating AR
elements into educational materials allows students to visualize abstract concepts, leading to
improved lateral thinking skills as they make new connections between ideas(Muhammad, 2022).
Furthermore, augmented reality's ability to create engaging and interactive learning experiences can
increase student motivation, which is crucial for creating an environment conducive to the
development of lateral thinking skillstWedyan et al, 2022). The immersive nature of AR
encourages students to experiment with different approaches and solutions, often resulting in
unexpected and creative outcomes that align with the principles of lateral thinking(Bakri et al,
2020).

In summary, the integration of augmented reality (AR) technology offers significant
potential for enhancing students' lateral thinking skills. By providing interactive, engaging, and real-
time learning opportunities, AR fosters a deeper understanding of educational content while
encouraging the exploration of creative solutions to problems. Further research in this area could
yield further insights into effective pedagogical strategies that utilize augmented reality to support
students' cognitive skill development (Alkhattabi, 2017).

Digital literacy is a crucial competency for students in today's technology-driven educational
environment. Digital literacy encompasses multiple dimensions, including informational,
technological, multimedia, and communicative competencies, underscoring the multifaceted nature
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of digital competencies crucial for successful engagement in higher education contexts (Zhao et al.,
2021). These competencies contribute not only to academic success but also to preparing students
to engage in the rapidly evolving digital world. Furthermore, as the demand for comprehensive
digital literacy skills among students increases, universities are being encouraged to integrate these
competencies into their curricula (Srivastava & Dangwal, 2021). This need is particularly pressing
among faculty members, as evidenced by research showing significant differences in digital literacy
skills across age groups. Younger lecturers tend to demonstrate higher proficiency and use of ICT
tools compared to older lecturers, highlighting potential disparities in teaching efficacy and student
engagement (Soomro et al, 2020). Therefore, there is a clear need for targeted professional
development for educators in higher education to enhance their digital pedagogical skills
(Mardiana, 2024).

Furthermore, initiatives such as the establishment of digital literacy training programs and
the implementation of new technologies, such as e-modules and online platforms, are crucial to
equip students with the necessary skills to navigate the digital landscape effectively (Okoye et al,,
2023) . The convergence of educational technology with curriculum development is crucial to
enable students to access, evaluate, and utilize information proficiently (Mufidah et al., 2023).
This alignment not only improves learning outcomes but also prepares students for the demands of
the labor market, where digital competency is increasingly considered a fundamental asset.

Therefore, it is important to develop an augmented reality-assisted Plant Tissue Culture
practicum e-module so that important concepts related to tissue culture techniques can be achieved
to support the learning outcomes of the Plant Tissue Culture course. By deepening students'
practicum experiences in the augmented reality-assisted practicum e-module, it is hoped that
students will be more connected with the relationship between tissue culture techniques and
biotechnology concepts, and that their lateral thinking skills and digital literacy will improve. In
addition, it is hoped that students will be better prepared to face complex scientific and social
challenges in the future. Therefore, this study aims to develop an augmented reality-assisted
practicum e-module specifically designed to improve students' lateral thinking skills and digital
literacy. This study was conducted to determine the validity, practicality, and effectiveness of the
augmented reality-assisted practicum e-module that has been developed.

RESEARCH METHODS
Research Design

This research is a development research. The development model used in this study is the
ADDIE model developed by Dick and Carey (1996). The ADDIE model is a development model
that includes Analysis, Design, Development, Implementation, and Evaluation. The ADDIE
research model was chosen because of its flexibility, which allows adjustments at each stage based
on needs. The ADDIE research model also focuses on achieving development goals, ensuring that
learning modules are relevant and effective. The evaluation stage also helps ensure product quality.
In addition, the ADDIE research model has evaluations that are carried out not only at the end
(summative) but also during the development process (formative), ensuring that each step has been
carried out in accordance with the objectives.

Population and Samples

The population in this study consisted of 130 students from the Biology Education Study
Program, Universitas PGRI Pontianak. The research sample used a purposive sampling technique
with several criteria, namely students who have taken the Plant Tissue Culture course, so that
students who meet the criteria are semester VII students of the 2022,/2023 intake as many as one
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class, with a total of 33 students. There are three media expert validators and three material expert
validators who will validate the products created.

Instruments

The instruments in this study used a validation sheet modified from (Departemen
Pendidikan Nasional, 2008), student response questionnaires, and pretest & posttest questions in
essay format consisting of 10 questions using lateral thinking skill indicators. The pretest and
posttest questions used have been declared valid and reliable for use in this study. This research
instrument was first validated by three material experts, namely lecturers from the Biology
Education study program. The validation sheet indicators observed were: compliance with CPMK,
material accuracy, material up-to-date, suitability to student development, compliance with
language rules, ability to support students' lateral thinking skills, and ability to support students'
digital literacy. In addition, the e-module will also be validated by three media experts, namely
lecturers from the information technology and information systems education study program. The
validation sheet indicators observed were: visible, interesting, simple, useful, accurate, legitimate,
and structured. The student response questionnaire was filled out by students who had taken the
Plant Tissue Culture course, namely, semester VII students. There are several indicators, namely:
presentation of material, language, design, benefits, empowerment of lateral thinking skills, and
empowerment of digital literacy. Pretest and posttest were also used in this study to see the
effectiveness of using augmented reality-based practical e-modules.

Procedures

The first stage begins with collecting information, analyzing materials, and studying
literature related to students' teaching material needs. In the second stage, the researcher designed a
practical e-module work assisted by augmented reality. The third stage is to validate with validation
with three material experts and three media experts, which is continued with revisions if there are
suggestions and input. The fifth stage is to conduct trials and implementations on semester VII
students. After large and small-scale trials have been conducted, the next stage is to analyze the
questionnaire data on the practicality and effectiveness of the product created.

Data Analysis

Data analysis techniques in this study consist of 3 types, namely expert validation analysis,
practicality of the practical e-module, and effectiveness of the practical e-module. Validity
calculations were carried out by 3 material experts and 3 media experts. The practicality analysis of
the practical e-module using augmented reality is obtained from the response questionnaire given to
students. The calculation of validity and student response questionnaires is calculated using the

Excel application using the formula from Riduwan (2020).

P = ((XX))/((ZX0) ) x 100%

P = Percentage of scores obtained
X = total score for each item
>Xi = ideal score (highest score)

After calculating, the next step is to determine the criteria. The criteria of validity are in
Table 1, and the criteria of the response questionnaire are in Table 2.
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Table I. Criteria of validity

No Value (%) Criteria
I 81-100 Very Valid
2 61-80 Valid
3 41-60 Quite Valid
4 21-40 Less Valid
h) 0-20 Not Valid

Source:(Astuti et al., 2023).

Table 2. Criteria of response questionnaire

Value (%) Criteria
80 < Response Value < 100 Very Practical
60 < Response Value < 80 Practical
40 < Response Value < 60 Quite Practical
20 < Response Value < 40 Weak
0 < Response Value <2 Impractical

Source: (Manisa & Sari, 2025).

The effectiveness analysis of the augmented reality-based practical e-module was obtained from the
results of the analysis of tests given to students before and after using the practical e-module. These
scores were then calculated using the N-Gain formula.

N Gain = Skor Posttest—Skor Pretest
AN — —gRor Ideal —SKor Pretest

The effectiveness criteria for the augmented reality-based practical e-module are shown in Table 3.

Table 3. N-Gain score and its Interpretation

Normalized N-Gain Interpretation
g>0,7 High
03<¢g=<07 Moderate
g<0,3 Low
RESULTS

The research results can be seen in Tables 4, 5, 6, and 7. Table 4 shows the results of the
validation by material experts, with the final conclusion that each indicator obtained an average
score of 80 with valid criteria.

Table 4. Results of expert validation of material from the practical e-module

Indicators Percentage Score Criteria
(%)

Compliance with CPMK 78 Valid
Material accuracy 82 Very Valid
Material up-to-dateness 76 Valid
Suitability for student development 87 Very Valid
Compliance with language rules 73 Valid
Ability to support lateral thinking skills 80 Valid
Ability to support student digital literacy 86 Very Valid
Average 80 Valid
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Table S shows the results of media expert validation, with the final conclusion that each
indicator obtained an average score of 82, with very valid criteria.

Table 5. Media expert validation results from the practical e-module

Aspects Indicators Percentage Criteria
Score (%)
Visible Visual .Displ.ay 87 Valid
3D object display 73 Valid
Learning Presentation 80 Valid
Interesting Clear Instructions 80 Valid
Interesting 3D Models 93 Very Valid
. In accordance with student development 73 Valid
Simple : :
Ease of operation 87 Very Valid
Useful Ease of use and navigation 93 Very Valid
Accurate Material accuracy 80 Valid
Legimate Complies with Indonesian language rules 73 Valid
Structured Material coverage 80 Valid
Average 82 Very Valid

Table 6 shows the results of the practicality test, with the conclusion being that each indicator in
the small-scale trial achieved an average score of 79, categorized as practical. The large-scale trial
achieved an average score of 82, categorized as very practical.

Table 6. Results of the student response questionnaire analysis

Aspects Indicators % Score of Score % Score of Score

Small-Scale  Category ~ Large-Scale  Category
Trials Trials
Clarity of material Very Very
. 34 ; 86 k

delivery Practical Practical

) Very
) Ease ofugderstandmg 80 Practical 83 Practical

Presentation  the material i
) Practical
of material Effectivences in
cetiveness 1 ) 78 Practical 80 Practical
remembering material

Very Very
Data accuracy 85 Practical 81 Practical

Very Very
Average 82 Practical 83 Practical

Compli ith EYD 84 Very 85 Very
ompHance wi Practical Practical

Language Ease of understanding v

the information 79 Practical 83 ey

Practical

conveyed
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Aspects Indicators % Score of Score % Score of Score
Small-Scale  Category ~ Large-Scale  Category
Trials Trials
Clarity of the sentences 79 Practical 82 Very
presented Practical
Very Very
Average 81 Practical 83 Practical
Use of font type, size, 75 Practical 31 Very
and color Practical
Clarity of layout 79 Practical 31 Ver‘y
placement Practical
Use of color 76 Practical 83 Ver'y
Practical
) Clarity of presented Very Very
Design images 81 Practical 81 Practical
Clarity of captions on ) Very
each AR media 77 Practical 82 Practical
Accqracy of 3D AR 37 37 Ver‘y
media Practical
Ease of use of presented 30 Practical 84 Ver‘y
navigation Practical
Average 79 Practical 82 Ver‘y
Practical
Easy to use as a leamning 77 Practical 80 Practical
resource
J.Easy—tojunderstand user 76 Practical 37 Ver.y
instructions Practical
Easy to access anytime, 76 Practical 79 Practical
anywhere
Benefits .
Increases leammg Very
o 82 82 ;
motivation Practical
Beneficial in broadening
knowledge, especially in 34 33 Very
lateral thinking skills Practical
and digital literacy
Average 79 Practical 81 Very
Practical
Recognize the dominant 32 3 Very
idea of the problem Practical
Empowering Look f(?r d1ffere.nt ways 77 Practical 37 Ver.y
Lateral of looking at things Practical
Thinking N : Very
Skills Loosen rigid thinking 74 Practical 81 Practical
Use random ideas to 75 Practical 78 Practical

bring up new ideas
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Aspects Indicators % Score of Score % Score of Score
Small-Scale  Category ~ Large-Scale  Category
Trials Trials
Average 77 Practical 80 Practical
o Very
Media literacy 84 82 Practical
Commum‘canon & 79 Practical 31 Ver‘y
collaboration Practical
Empowering Career & identity 78 Practical 81 Ver‘y
L management Practical
Digital Very
Literacy ICT literacy 76 Practical 82 Practical
. ) Very
Learning skills 84 81 Practical
Digital scholarship 81 80 Practical
Information literacy 34 80 Practical
) Very
Average 79 Practical 82 Practical
Total Average 80 Practical 82 Ver‘y
Practical

Table 7 shows the results of the effectiveness test using pretest and posttest questions with the final
conclusion of obtaining an average N-gain score of 0.71 with high criteria.

Table 7. N-Gain Score Result

Average of Pretest 51
Average of Posttest 86
Average of N-Gain Score 0,71
Criteria High
DISCUSSION

Validation of the practical e-module was conducted by three subject matter expert validators
and three media expert validators. This activity was carried out to assess the product's validity and
provide input for improvement. The validation conducted by the subject matter expert validators
assessed seven aspects: compliance with CPMK, material accuracy, material up-to-date, suitability
to student development, compliance with language rules, ability to support students' lateral
thinking skills, and ability to support students' digital literacy (Table 4). The validation results
with material experts were declared valid overall with an average score of 80. The validation results
with media experts, with an assessment of seven aspects, stated that the developed practical e-
module was declared very valid with an average score of 82. The aspects assessed were: visible,
interesting, simple, useful, accurate, legitimate, and structured (Table S).

Table 4 shows the effectiveness of the augmented reality—assisted lab e-module in terms of
the content experts, which includes material accuracy, suitability to student development, and the
ability to empower students' digital literacy, was declared very valid with an average score of above
80% for each aspect. The aspects of suitability with CPMK, material sophistication, compliance
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with language rules, and the ability to empower students' lateral thinking skills were declared valid
with an average score between 71-80%.

The application scope of AR in educational contexts is extensive; it not only aids in
visualizing abstract concepts but also promotes engagement through gameplay and interactivity.
Mustaqim discusses the transformative potential of AR to enrich educational experiences by
creating a blended learning atmosphere that enhances both cognitive skills, such as critical thinking,
and soft skills, such as collaboration and communication (Mustaqim, 2016). Furthermore, research
indicates that AR technologies can motivate students and improve their academic performance,
offering a more stimulating environment for subject matter that is traditionally challenging, such as
natural sciences (Petrov & Atanasova, 2020).

Table S shows that the augmented reality-assisted e-practicum module, from the perspective
of media experts, was rated highly valid by the attractiveness of the 3D models displayed and ease
of operation and navigation, with an average score above 87%. Meanwhile, aspects of visual
appearance, clarity of instructions, relevance to student development, accuracy of material,
comprehensiveness of material, and adherence to language rules were rated valid by the media
experts, with scores ranging from 73-80%.

Augmented Reality (AR) has become a significant tool in education, particularly in higher
education. With proper implementation, AR-based learning media not only enhances student
interaction but also enriches their learning experience. Various studies have shown that the use of
AR in learning has a positive impact on understanding complex concepts, learning interest, and
student engagement. For example, research by Suttrisno et al. found that the use of interactive AR
media in science learning resulted in a 92% expert assessment, indicating excellent quality
(Suttrisno et al., 2024). In a similar context, Pawitan et al. developed valid AR learning media for
animal metamorphosis, demonstrating its relevance and effectiveness in an educational context
(Gumilang Pawitan et al., 2023). The research and development (R&D) methods used in creating
AR applications present a systematic approach. For example, Atikah et al. used the ADDIE model
to develop AR-based learning media, resulting in high validation from media and material experts,
with a 91.25% assessment for the very feasible criteria (Atikah et al., 2023). Furthermore, the
development of AR media provides an alternative for teachers to address the lack of physical
teaching aids. Yuniar et al. highlight the use of AR as a means to help students understand sensory
devices, where the application allows students to learn interactively (Yuniar et al., 2024). This is
crucial in higher education institutions, which often face limited resources for physical teaching
aids that use conventional learning methods.

The practicality of the e-practical module can be seen in Table 6. The results obtained are
the result of small-scale trials and large-scale trials. The aspects assessed were material presentation,
language, design, usability, digital literacy empowerment, and lateral thinking skill empowerment.
Opverall, the developed product received a response in the very practical category with an average
score of 82 in the large-scale trial, and students gave a practical response with an average score of
80 in the small-scale trial.

One study showed that learning modules integrating AR were not only valid but also
practical. Almubarak et al. reported that their module achieved a validity score of 3.45 and a
practicality score with an average teacher learning management score of 92.89, classified as "very
high" (Almubarak et al., 2021). Furthermore, Prasetio et al. emphasized that classical methods are
often less engaging for students, whereas the use of AR can enhance the visual appeal of learning
materials, such as in the introduction to the solar system, which has the potential to improve
student understanding of the material being taught (PRASETIO et al,, 2019). The use of AR

helps students see objects in real life and interact with learning elements, improving material

retention.
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The effectiveness test results of the e-practicum module using pretest and posttest questions
were declared high with an n-gain score of 0.71 (Table 7). Research shows that e-practicum
modules assisted by augmented reality can significantly improve lateral thinking skills of students.
(Sani et al., 2023) explained that the development of AR learning integrated with ethnoscience can
strengthen scientific literacy and student learning interest. The results of this study showed that the
use of AR learning media can increase the average N-gain to 0.73, which is included in the high
category. This indicates that AR not only facilitates better understanding but also encourages
students to participate more actively in the teaching and learning process. The development of AR-
based learning modules proved practical and effective, with an average N-gain value reaching 0.76,
which reflects a substantial increase in cognitive learning outcomes. The effectiveness of AR in
education is also supported by the results of a meta-analysis conducted by Yu-Peng and Yu, who
noted the real positive impact of AR in interactive learning environments, including reduced
cognitive load and increased academic achievement (Lin & Yu, 2023). AR can strengthen students'
mastery of geometric concepts, increasing conceptual and procedural knowledge that is closely

related to their n-gain scores (Nadzri et al.,, 2024).

CONCLUSION

Opverall, the validation results with the material experts of the augmented reality-assisted
practicum e-module were declared valid with an average score of 80. The validation by media
experts obtained a score of 82 with a very valid category. The practicum e-module was declared
very practical with a score of 82 in large-scale trials and practical with an average score of 80 in
small-scale trials. The effectiveness of the practicum e-module was declared high with an N-Gain
score of 0.71. The e-module practicum of plant tissue culture with augmented reality was proven
to be valid, practical, and effective in enhancing students’ lateral thinking skills and digital literacy.
The integration of AR technology provided an engaging and interactive learning experience that
helped overcome practicum limitations and improved students’ conceptual understanding. This
innovation can serve as an alternative learning resource in plant tissue culture courses and a model
for developing other technology-based practicum modules to support future teacher education in

the digital era.
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