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WELCOME MESSAGE FROM THE ORGANIZING
COMMITTEE

Assal amudbdal ai kum warrahmatul ah wabarakatuh

| would first like to express my gratitude for the blessings and guidance that have brought us
together for this conference.

It is my pleasure to welcome you to the™Biternational Conference on Educational
Research and Innovation (ICERI) at Universitas Negeri Yogyakértai s year 6s t he
ANavigat i-Mmlg GoulmMaanbor ati on i n Educati on: Chal
special focus on Atrtificial Intelligence in education.

We would like to welcome and recognize our esteemed keynote and invited speakers: Dr.
Fauzan Adziman, M.Eng., Director General of Research and Developimerinistry of

Higher Education, SciencandTechnology Indonesia Prof. Oh Jin Park, Ph.D., CEO,
3PLINK, Korea; Prof. Nur Hidayanto Pancoro Setyo Putro, Ph.D.,-Reetor for Academic
Affairs, Universitas Negeri Yogyakarta, Indonesissoc. Prof. Chailerd Pichitpornchai,
Ph.D., Directorof International Institute for Learning, Mahidol University, Thailand; and
Assoc. Prof. KuaTing Lai, AloT Laboratorium, National Taipei Universityand
Technology Thank you to all ouspeakers for sharing your valuable time and wisdom at this
conference.

This conference is a forum for participants to share and discuss the latest advancements and
issues in Education. We have received more than 1000 abstracts. We hope you find the
keynote presentations, plenary panels, and paper presentations interesting and illuminating.
We encourage you to participate in the discussion, take advarftéige many benefits the
Conference offers, and connect with new friends.

We are very honored to welcome you to Yogyakarta. The city is the capital and
administrative center of the Special Region of Yogyakarta, Indonesia. Yogyakarta is a large
urban area that preserves Javanese culture
several universities, and the famous World Heritage Site of Borobudur. | hope you have a
memorable experience exploring the city, the palace, and this World Heritage Site.

Thank you to all Committee members for making this conference possible. | warmly
welcome you to Yogyakarta, and wish you an inspiring conference experience.

Was sal amudal ai kum warrahmatul ah wabarakatuh

Prof. Dr. Yudik Prasetyo, S.Or., M.Kes.
Director of the Directorate for Research and Community Service
Universitas Negeri Yogyakarta
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RECT OBREECH

Assal aamubdal ai kum Warahmatull aahi Wabarakaat
| gratefully welcome all participants to the 2025 International Conference on Educational
Research and Innovation (ICERI). This conference is a crucial opportunity for the academic
community, education practitioners, and policymakers from various countries to discuss and
collaborate in responding to global dynamics in education, particularly in the era of
collaboration between humans and artificial intelligence.

The development of digital technology, particularly artificial intelligence, has brought about
major changes in the way we learn, teach, and conduct research. However, this progress also
demands that we ensure that technology remains aligned with humanitarian values, ethics,
and social justice. This is where human Al collaboration becomes crucial, not to replace
humans, but to strengthen their capacity to create more adaptive, inclusive, and meaningful
learning.

Universitas Negeri Yogyakarta is strongly committed to being an active part of this
transformation. Through strategic policies in developing a smart campus, improving digital
literacy among its academic community, and strengthening interdisciplinary research in the
field of artificial intelligence in education, UNY continues to encourage innovation oriented
towards human welbeing and the sustainability of education. We believe that research and
learning that utilize technology wisely will expand access, improve quality, and foster
national competitiveness on the global stage.

ICERI 2025 is a concrete manifestation of this collaborative spirit. Through this forum, we
hope to forge a crogsational knowledge network capable of generating strategic ideas for
the future of ethical and equitable -Bhsed education. May the discussions during this
conference inspire and provide new direction for the development of more humane
educational policies, research, and practices.

Finally, 1 would like to express my appreciation to all the committee members, speakers, and
participants for their dedication and participation. Let us continue to move together toward a
future of intelligent, ethical, and humanityiented education.

Have a great conference.

2 3abktFFYdQFEFATdzY 21 NFKYFGdzE € FF KA 2Fo6FNF LI

Prof. Dr. Sumaryanto, M.Kes., AIFO
Rector of Universitas Negeri Yogyakarta
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Abstract. Mul ticultural education plays a pivotal rol e in sujg
in the internalization of multicultural values within learning processes involving diverse student populations. As a
| aboratory school , UNY Labschool reflects I ndonesiads ri

challenges for teachers in accommodating learners from various backgrounds. This study aims to develop a guideline

for the internalization of multicultural values in primdewel teaching at UNY Labschool, which can serve as a

practical reference for teachers in designing inclusive and contextual learning processes. The research employed a
Research and Development (R&D) approach using tBemodel (Define, Design, Develop, Disseminate). The

research subjects consisted of primary school teachers at Pedagogia UNY Labschool, with data collected through
questionnaires, interviews, and classroom observations. The feasibility test conducted by four UNY experts and two

external experts indicated that the guideline was categorized as highly feasible. Furthermore, a practicality test based

on teachersd responses confirmed that the product was <co
guideline for the internalization of mul ticultural val ue
competence in managing learning processes that emphasize tolerance, respect for diversity, and the reinforcement of
student s6 char ac tlevel contexi otUNY Labonatoty Bokoolp r i a mr y

Kata Kunci: primary school, multicultural values, teacher competence

INTRODUCTION

Indonesia is a country with a wide variety of cultures, religions, languages, and ethnic[@tol&)sThis is
due to the fact thahdonesia consists of thousands of islands and is inhabited by hundreds of millions of people.
Indonesia's large population has diverse backgrounds and characteristics, including cultural, ethnic, linguistic,
and religious differences spread across 38 provinces, each with its own unigue natural characteristics. These
differences in natural characteristics play a role in shaping different cultures and chaj@opeiatin &
Nasution, 2017)This diversity is both an important asset and a challenge in building tolerance within society,
especially among the younger generation who are prone to social conflicts based on cultural, religious, and
ethnic differencef].

In this context, education plays an important role in increasing understanding of multiculturalism in various
circles, from primary to higher education, as well as among the general public. Multicultural education not only
serves as a tool for transferring knowledge but also as a medium for shaping attitudes and characters that can
reduce prejudice, discrimination, and conflicts arising from cultural, religious, ethnic, and racial differences.
Multicultural education can be defined as an awareness of @luttiwersity, human rights, and the reduction of
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prejudice in order to create a more just and advanced s¢Efetymelstedt et al., 2021; Supriatin & Nasution,
2017) Multicultural education also emphasizes the importance of respecting differences, equality, and justice,
as well as instilling an open attitude towards diversity in so¢i@tyf8], [9]. Through multicultural education, it

is hoped that individuals can build awareness and appreciation of the various cultural, ethnic, and social
identities that exist in their surrounding®].

According to[7], multicultural education is a philosophy and educational framework designed to help
students understand and appreciate cultural diversity. This approach aims to develop students’ competence in
critical thinking, empathy, and constructive interaction with different community groups. Multicultural
education plays an important role in building a tolerant and peaceful sficiétyrherefore, primary school is a
strategic level of education for instilling the values of tolerance and multiculturalism. At this stage, students are
still in a stage of cognitive and social development characterized by a high level of curiosity and a more open
acceptance of differenc¢$2]. By interacting with peers from different cultural backgrounds, students learn to
understand and appreciate diversity as part of Indonesia's diversity. Multicultural education in primary school
also contributes to shaping students' characters to be more inclusive and tolerant of differences and increases
their awareness of the importance of respecting and appreciating div@3jtyThrough structured and
diversity-oriented education, students can develop into critical, creative individuals with an open attitude in
social and national life.

Primary school education plays an important role in shaping teachers' pedagogical competencies so that they
are able to internalize multicultural values in learning. The diversity of cultures, religions, languages, and
genders in Indonesia requires an educational approach that is inclusive, adaptive, and relevant to the social
context of society. The increasing diversity within schools presents significant challenges for educators,
particularly in bridging cultural differences, designing effective multicultural learning environments, and
ensuring equity in educatioii4], [15]. Teachers who respond adaptively to diversity contribute not only to
strengthening st ude n thanyl6k tcaisatd redaang thecanademic achiavément galp |
[17], [18] and to fostering democratic and harmonious societies through the cultivation of a global
understanding of cultural diversif$9].

Laboratory schools such as Labschool UNY reflect the social and cultural diversity that exists in Indonesia,
thus requiring learning strategies that are able to manage these differences optimally. However, preliminary
analysis results at primary Labschool UNY in February 2025 show that teachers still experience difficulties in
implementing multiculturabased learning effectively, especially in guiding students who are diverse. Based on
interviews conducted in February 2025 with the principal of SD Labschool UNY, several issues were identified,
including that students still need guidance in improving their academic potential and assistance in identifying
their talents and interests. In addition, teachers still face difficulties in the inclusive teaching process and in
helping children with special needs. Students also still have difficulty complying with applicable rules, such as
haircut rules. Students also still need guidance on tolerance towards different genders, religious diversity, and
sexual orientation.

Investing in teacher training on cultural diversity and multicultural education is regarded as a key
strategy to address the challenges within multicultural learning contexts. Such efforts can empower teachers to

support student so devel opment i n an increasingly i
opportunitieg[20], [21], [22] In line with this, professional development (PD) has consistently been shown to
exert a positive impact on teachersd instructional

strengthen classroom implementation and enhance student learning out@Bhe3his need, in turn,
underscores the importance of providing continuous PD for teachers, ranging from initial training to advanced
stages of their professional careg4).

When examined empirically, these issues are related to multicultural competence. Multicultural competence
is an important aspect in education that aims to create an inclusive learning environment that respects diversity
[25]. The aspects of multicultural education consist of abilities and disabilities; religion; sexual orientation; and
gender. These issues are obstacles in the process of implementing multicultural education, mainly because there
are no structured guidelines or strategies for teachers in developing learning that instills effective values of
diversity.

The internalization of multicultural values in learning is very important because it serves to instill attitudes
of tolerance, equality, and appreciation for differences from an early age. Unfortunately, teachers still face
limitations in systematic learning guidelines to support multicultural pedagogical competencies. This condition
hinders the realization of SD Labschool UNY' s missi on
21st centuryodo and ADevelopinguhttiahalvaktbhasacé¢mherl eaal
learning guidelines are needed to help teachers design inclusive learning strategies and adaptive teaching
methods. Therefore, learning guidelines are needed to help teachers design inclusive learning strategies,
adaptive teaching methods, and relevant assessments to support the implementation of multicultural values in
primary schools.
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This study focuses on the development of guidelines for internalizing multicultural values in learning at SD
Labschool UNY. This guide is designed to be a reference for teachers in implementing learning that is
responsive to the diversity of students as well as the history and needs of a laboratory school that is oriented
towards innovation. With this guide, it is hoped that teachers will be more focused in instilling the values of
tolerance, democracy, equality, and respect for differences in their daily teaching and learning activities.

Through this research, it is hoped that effective guidelines for the internalization of multicultural values can
be produced to support teachers in implementing inclusive learning that is responsive to student diversity. The
results of this study are expected to be useful for Primary Labschool UNY as a laboratory school, policy makers,
and educational institutions in developing multicultural learning strategies. Thus, this study is expected to
strengthen the role of primary schools in promoting tolerance, equality, and respect for differences from an early
age and in line with the demands of 2désnhtury education.

RESEARCH METHOD

A. Problem Solving Framework
This study uses a research and development (R&D) approach, which aims to develop a guide for
internalizing multicultural values in learning at UNY Elementary School Laboratory Schools. These
development steps will follow the stages according to tberdodel (FowD) to ensure that the resulting model
can be implemented and evaluated properly. ™ie model consists of four stages, namely Define, Design,
Development, and Disseminate. This method and model were chosen based on considerations of the objectives
to be achieved, namely to produce a product in the form of a Guide for Internalizing Multicultural Values in
Learning to Improve Teacher Pedagogical Competence at UNY Elementary School Laboratory Schools. The
details of the 4 stages include the stages of defining, designing, developing, and disseminating, which are
described as follows:
1. Define Stage
The definition stage (define), namely the stage that is useful for determining and defining needs in the
learning process and collecting various information related to the product to be developed.
2. Design Stage
The planning stage is the next stage after the definition stage, or in other words, after identifying the
problem in the previous stage. This design stage serves to develop the multicultural scale used in
Labschool and the expert validation questionnaire to assess the developed product.
3. Development Stage
The development phase aims to produce a revised capacity development scale and module based on
expert input and trials.
a. Expert Validation
Expert validation serves to validate the scale of capacity development and previous modules were
tested and the validation results will be used to revise the initial product.
b. Product Trial
After expert validation, a limited field trial was conducted to determine the results of the application
of the capacity development scale and guidelines.
4. Dissemination Stage
This stage involves disseminating guidelines for internalizing multicultural values in learning to
improve teachers' pedagogical competence. This stage is implemented after limited trials and instrument
revisions based on suggestions and input.

B. Target Audience
The target audience for this study included three teachers in the practicality test and 30 teachers in the
limited test. The teachers involved were from SD Pedagogia UNY. The study was conducted on Thursday, July
24,2025, in the SD Pedagogia UNY meeting room from 10:00 a.m. until finished.

C. Activity Method

The following is the flow of activities in Community Service Education on the 3R Concept (Reduce, Reuse,
and Recycle) for Schodlge Children. The research methods used in the research and development of
multicultural values guidelines in learning are as follows:
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DataPicture 1. Research Flowchart (Thiagarajan, 1974)

collection techniques in the research and development of guidelines for internalizing multicultural values in
learning to improve teachers' pedagogical competence at UNY laboratory schools at the elementary level are
through questionnaires, interviews, and observations. The instruments used are teacher and student interviews,
observation instruments for learning implementation, assessment questionnaires from material experts and
media experts, and questionnaires to measure improvements in teachers' pedagogical competence. Data analysis
is carried out through pretests and posttests.

RESULTS AND DISCUSSION

Results of Activity Implementation

This research and development aims to produce a product in the form of a Guide to Internalizing
Multicultural Valuesin Learning that is valid, practical and effective to Improve the Pedagogical Competence of
Elementary School Teachers at UNY Laboratory Schools. The research and development stages are as follows:
1. Define Stage

The definition stage contains activities to determine and define the needs in the learning process and collect
various information related to the needs in the field, more precisely at Labschool UNY. Based on the needs
analysis that has been carried out through interviews and observations on Febrlién2025, it was found
that there were obstacles felt by teachers, namely the lack of guidelines for being able to develop and facilitate
inclusive learning for the diversity of students at SD Pedagogia UNY. This urgent need is related to a practical
guideline that not only contains theory, but also concrete examples of implementation, strategies and assessment
instruments that can be used to internalize multicultural values.

Besides the lack of a guideline available for teachers to use, another obstacle is the lack of teacher skills in
implementing multicultural educatidmased learning. This relates to teachers' competency in designing and
developing learning that accommodates student diversity. Therefore, a guideline for internalizing multicultural
valuesin learning will be developed, which is expected to serve as a reference for teachers in implementing
learning.

2. DesignStage
After obtaining the needs analysis in the previous stage, the next step is the design phase. This design phase
serves to design the scale of capacity development and modules.
a. Academic Manuscript Draft
This stage begins with the preparation of a comprehensive academic paper. This academic paper serves
as a philosophical and scientific foundation that strengthens the urgency and relevance of the developed
guidelines. In the paper, three main, complementary pillars are constructed: 1) Theoretical Foundation,
which refers to theories of multicultural education and inclusive learning, 2) Legal Foundation, which relies
on national laws and regulations on multicultural education, 3) Sociological Foundation that describes SD

Pedagogia UNY and the cultural diversity of its students that colors the school environment and society as a

learning context.

This academic paper serves not only as a theoretical basis but also as a roadmap explaining why
internalizing multicultural valuesuch as tolerance, empathy, justice, and democracy regarding differences

is a necessity in pedagogical practice. These vatesot internalized as separate additional material, but

rather internalized within the learning process.

b. Draft Guidelines for Internalizing Multicultural Valu@s Learning
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The development of a guidebook for internalizing multicultural vaimegarning to improve the
pedagogical competence of elementary school teachers at the UNY laboratory school began with the
development of an academic paper. The teacher's guide was born from the academic paper for internalizing
multicultural values, which presents three main pillars: theoretical, legal, and sociological foundations that
reinforce the urgency of internalizing multicultural values. The academic paper provides a foundation to
support the process of internalizing multicultural valseghat diversity in schools can be better managed
and become part of the ongoing learning process.

Based on the academic text that has been developed, a practical guidebook was then developed for
teachers to internalize multicultural valuieslearning. This practical guide was developed to provide a
reference that teachers can use with a set of knowledge, attitudes, and practical skills in designing and
implementing learning that is responsive to multiculturalism. Through this guide, it is hoped that teachers
can manage the diversity of student backgrounds not as a challenge but as a very valuable asset and social
capital to create a more lively, authentic, and meaningful learning experience. The following is a draft of
the academic text and guidebook for internalizing multicultural vafuksarning:
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c. Expert Assessment Instrument
The assessment instrument from the expert validator aims to measure the suitability of the guidelines

for internalizing multicultural values learning for use by teachers. Several aspects were assessed in the

expert validation, including

Tablel. Assessment Instrument by Experts
No Rated aspect Assessment Indicators
The suitability of the contents of the guide with multicultural valiethe
context of elementary school education.
The relevance of the material in the guide to teacher competencies and 1
characteristics of elementary school students in internalizing the multicul
valuesof elementary school students.
The suitability of the contents of the guide with the applicable curriculum
internalizing the multicultural values elementary school students
2 Aspect of Usefulness (Practicality) An easyto-understand and implement guide for teachers in the fiell

internalizing multicultural valuem elementary school students.

Substantial/Content Aspects
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The guide provides clear technical direction in designing meaningful lear
in internalizing multicultural valueis elementary school students.

The guide encourages teachers to be active, creative, and reflective in
teaching multicultural value® elementary school students.

The language used in the guide is appropriate, effective, and easy for te
to understand in internalizing multicultural valu@s elementary schoo
students.

The presentation format (structure, layout, illustrations) supports the
readability of the guide to internalizing multicultural valdeselementary
school students.

3 Language and Format Aspects

The developed guide has innovative value in the learning approact
Innovation Aspects and internalizes the multicultural value$ elementary school students.
Implementation Feasibility Activities in pandyan enable the application of internalization of multicultt

valueshy elementary school students in various school conditions.

4

3. DevelopmenStage

This development phase contains activities to produce revised capacity development scales and modules

based on expert input and trials.

a. Product Validation Results
Product validation aims to determine the feasibility of the internalization guide for multicultural values
in learning before being implemented in the field. Product validation is carried out by involving experts
from academics and practitioners to obtain assessments, criticisms and constructive input. Internal
product validation involves UNY lecturers, namely Prof. Dr. Entoh Tohani, M.Pd, Prof. Dr. Suranto,
M.Pd, M.Si, Prof. Dr. Nurtanio Agus Purwanto, S.Pd., M.Pd., and Prof. Nur Hidayanto Pancoro Setyo
Putro, M.Pd., Ph.D. While external validation of UNY involves lecturers from UPI Prof. Dr. Prayoga
Besari, S.Pd., M.Si., and lecturers from UNESA namely Prof. Dr. Sujarwanto, M.Pd. Meanwhile,
validation by practitioners from SD Pedagogia was conducted by Ratna Sari Agustina, M.Pd., Nafisa
Risma Zuhara, M.Pd., and Aprivia Kapitania, S.Pd. The validation results indicate that the academic text
and guidelines are suitable for field testing. The results of the feasibility test are as follows:

Table 2. Validation of Academic Manuscripts

No Rated aspect Expert Validator
1. Academic manuscripts are based on philosophical, legal and sociological foundations. 24
2. |dentification of problems in academic papers has been explained in a coherent manner. 22
3. Academic papers are based on the urgency of clear formation 23
4. The relevance of academic manuscript regulations is compiled specifically and relevantly. 22
5. The purpose of creating an academic paper is to be written in a specific and relevant manr 24
6. Academic texts are prepared in accordance with multicultural vediedementary schools. 22
7. Academic texts targeting the internalization of multicultural vainesementary schools 23
8. Academic texts provide clear technical direction in designing meaningful learning 24
9. The language used in academic texts is precise, effective and easy to understand. 23
10. The presentation format (structure and layout) in academic manuscripts supports readabili 21
Total 228
Average 38
Category Very Worthy

Table 33. Guide Validation Results

No Rated aspect Expert Validator
1. Substantial/Content Aspects 70
2. Aspect of Usefulness (Practicality) 69

“Navigating the Human-Al Collaboration in Education: Challenges and Opportunities”
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4
3. Language and Format Aspects 47
4, Innovation Aspects and Implementation Feasibility 45
Total 231
Average 385
Category Very Worthy

The validation results for the guideline yielded an average score of 38, categorized as "very appropriate."
Furthermore, the validation results for the academic manuscript by academic experts yielded a score of 38.5,
categorized as "very appropriate." Both the manuscript and guideline validation results indicate that the
guideline and academic manuscript are suitable for use.

The guide was also assessed for practicality by practitioners in the field. This assessment focused on the
substance/content aspect to determine the extent to which the guide was easy to understand, applicable, and
useful in everyday learning practices. The results of the practicality assessment are shown in Table 2.

Table 44. Practicality Test Results

No Rated aspect Practitioner Assessment
1.  Substantial/Content Aspects 30
2. Aspect of Usefulness (Practicality) 24
3. Language and Format Aspects 16
4.  Innovation Aspects and Implementation Feasibility 30
Total 100
Average 33.33
Category Practical

b. ProductTesting (Development Testing)

Table 55. Effectiveness Test Results

Test Statistics

Post Test Pre Test
Z -4.787b
Asymp. Sig. (2tailed) .000
a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

Based on the results of the Wilcoxon Signed Rank Test, the Z value was obtainked8&t with a
significance value (Asymp. Sig-2ai | ed) of 0. 000. Because the signific
level, it can be concluded that there is a significant difference between thespesmd postest results. These
results indicate that the developed guide is effective in improving participant competency after being given
treatment, so it can be stated that the resulting product is not only feasible and practical, but also proven
effective for use in learning.

Table 6. NGain Score Results

Descriptive Statistics

N Minimum  Maximum Mean Std. Deviation
- Ngain_score 30 33 1.00 6638 25256
Ngain_Persen 30 33.33 100.00 66.3782 25.25616

Valid N (listwise) 30

“Navigating the Human-Al Collaboration in Education: Challenges and Opportunities”
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The N-Gain results also showed a value of 0.66, which is considered moderate. This means that the training
on internalizing multicultural valueiscreased teachers' understanding by 66% of the maximum potential. This
indicates that the improvement was quite effective, demonstrating that the training provided tangible benefits for
teachers in understanding and implementing the internalization of multicultural ratheg learning.

Discussion

Teachers are the most important element in an education system. The learning process is influenced by how
they treat their students. Teachers' personalities, such as being attentive, warm, and supportive (encouraging),
are believed to motivate students to improve their academic achievitehtowever, the role of teachers in
today's era of globalization goes beyond mere academic achievement, but also serves as the spearhead in
shaping the character and worldview of students who live in a pluralistic s{@1ty28]. Therefore, teachers'
pedagogical skills enable them to internalize multicultural values in elementary schools. Multicultural pedagogy
is not simply about conveying diversity material, but also about creating inclusive learning experiences where
every child, regardless of ethnicity, religion, race, or culture, feels valued and has equal opportunities to
participate.

Internalizing multicultural values at the elementary school level is crucial because it is at this age that the
foundations of character, social attitudes, and perceptions of differences begin to form. If teachers succeed in
creating a classroom that respects diversity, students will not only achieve optimal academic achievement but
will also grow into a generation that hassocial intelligence, high tolerance, and readiness to become a
contributing global citizef27]. Thus, multicultural teacher pedagogy is not an option, but rather a necessity to
prepare students to face a complex and diverse life.

The development of a guide for internalizing multicultural values in elementary school learning at the UNY
Laboratory School aims to provide systematic guidance for teachers in integrating multicultural principles into
the learning process. This guide is presented in response to teachers' needs to improve pedagogical competence,
particularly in managing student diversity, building an inclusive classroom climate, and fostering mutual respect
among students. Internalizing multicultural values in learning will help teachers shape students' character by
appreciating, accepting, and respecting differences, thus supporting an inclusive learning env[ggjment

The relevance of developing this guide is further strengthened by the dual function of the UNY Laboratory
School, serving as both a basic educational institution and an academic laboratory focused on the development
and implementation of educational innovation. Given the diverse student population, teachers are required to
possess adequate pedagogical competencies to design learning that is sensitive to differences in social, cultural,
and religious background80]. Furthermore, this competency is important for teachers to provide awareness to
students that multicultural reality will be the basis for progress in global competition which is often hampered
by polarization, privatization, and marginalization of diversity in sof3dfly This is crucial to ensure teachers
can create an inclusive learning environment that supports students' optimal achievement of their potential.
Furthermore, teachers' multicultural competence is necessary to broaden and deepen students' awareness of the
importance and role of their learning in a multicultural soc[88]Therefore, schools need to implement an
inclusive and supportive approach for students with diverse cultural and racial backgrounds to facilitate them in
the school environment .

The strategies for internalizing multicultural values offered in this guide focus on three main aspects. First,
the integration of multicultural values into lesson planning through the development of lesson plans that reflect
learning objectives based on respect for differences. Second, the application of participatory learning methods
such as group discussions, case studies, and collaborative projects that naturally encouragétucabss
interactions. Third, the creation of an inclusive classroom climate by emphasizing empathy, assertive
communication, and peaceful conflict resolution skills. This strategy aligns with the notion that emphasizes the
importance of developing content, processes, and learning environments that support inclusivity.

The results of a limited trial indicate that this guide has a positive impact on improving teachers' pedagogical
competence. This is evident in more systematic lesson planning rich in multicultural values, learning
implementation that accommodates heterogeneous student interactions, and learning evaluation that emphasizes
not only academic achievement but also students' multicultural attitudes and values. Thus, this guide has been
proven to support the strengthening of pedagogical competence as mandated by Minister of National Education
Regulation No. 16 of 2007, namely the ability of teachers to understand students, design, implement, and
evaluate learning professionally. Furthermore, the internalization of these multicultural values can also have a
positive impact on improving students' academic performgBgje

In its implementation, there are supporting and inhibiting factors that influence the effectiveness of the
guidelines. Supporting factors include teacher commitment to improving competency, school institutional
support, and student diversity relevant to the implementation of multiculturalism. Inhibiting factors include
teachers' limited time to develop teaching materials, variations in teachers' understanding of multiculturalism,
and the tendency of some teachers to still use conventional approaches in teaching.
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In a wayOverall, the development of this guide for internalizing multicultural values has both practical and
theoretical implications. The practical implication is that this guide can be used directly by elementary school
teachers at the UNY Laboratory School as a reference in designing and implementing multiculturddasgdes
learning. Meanwhile, the theoretical implication is a contribution to the study of multicultural pedagogy by
emphasizing its role in improving teachers' pedagogical competence..

CONCLUSION

Based on the research conducted, it can be shown that the development of a guide for internalizing
multicultural valuesn learning has made a significant contribution to improving the pedagogical competence of
teachers at the UNY Laboratory School at the elementary level. The guide, produced through a series of
research and development stages, has proven not only substantively appropriate according to the assessment of
experts who validated the content and systematics of the material, but also practical by practitioners in the field
due to its ease of understanding, applicability, and relevance to daily learning needs. Furthermore, through
limited trials, the guide has also proven effective in improving teachers' pedagogical competence, as reflected in
pre and posimplementation test results, which showed significant differences in teachers' understanding,
skills, and attitudes in managing multicultutesed learning.

The results of this study also confirm that the guide not only provides additional tools for teachers but also
serves as a strategic reference that provides clearer and more systematic direction in planning and implementing
diversity-sensitive learning. This guide facilitates teachers in integrating important vialuesilticultural
education, such as tolerance, democracy, justice, respect for differences, and empathy, into daily classroom
learning. These valueme realized through various strategies, ranging from selecting participatory and adaptive
learning methods, using media responsive to student diversity, to implementing inclusive assessments.

With this guide, teachers are not only equipped with practical guidance for teaching and learning activities
but are also guided to play an active role as facilitators in building a more open, democratic, and-diversity
respecting school culture. This supports and achieves the mission of the UNY Laboratory School, namely to
realize inclusive, adaptive, and charadiased learning, and aligns with the demands of@drstury education,
which emphasizes developing a generation with global competence, tolerance, and life skills in a multicultural
society. Therefore, this guide can be seen as a significant innovation in educational practice, particularly in
strengthening the role of teachers as agents of change in providing humanistic and equitable learning for all
students.
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Abstract. Virtual Reality (VR) has strong potential to enhance vocational learning by providing immersive and
practiceoriented experiences. This study aims to develop a Virtual Ridadised learning video to support
broadcasting education in vocational high schools in Yogyakarta. The research employed a research and
development approach using the APPED model, consisting of analysis, planning, production, evaluation, and
dissemination. The development process involved needs analysis, video production usihegrgdé0VR
technology, expert validation, product revision, and limited field testing with vocational students. The results
indicate that the developed VR learning video is highly feasible. Content expert validation yielded an average score
of 4.66, while media expert validation resulted in an av
limited field trial involving students showed highly positive responses, with an overall average score of 4.7. Students
reported improved understanding, higher engagement, and better visualization of broadcasting production processes.
The final product includes a 3@fegree VR learning video and a user guidebook for teachers and students. This
study demonstrates that Mbased learning media can effectively support pradtased learning in vocational
education.

INTRODUCTION

Vocational education emphasizes practiesed learning to prepare students with skills that are directly
applicable to the workplace. In fields such as broadcasting, students are required to understand not only
theoretical concepts but also complex production processes involving cameras, lighting, audio systems, and
teamwork. However, conventional instructional approaches often face limitations, including restricted access to
production equipment, limited observation opportunities during practice sessions, and time constraints that
prevent students from fully understanding each stage of the production process.

Advances in digital technology have introduced new opportunities to address these challenges. One such
technology is Virtual Reality (VR), which enables users to experience immersive and interactive learning
environments. VR allows learners to observe processes from multiple perspectives, repeat learning experiences
independently, and engage more actively with instructional content. Previous studies have shown that VR can
improve student engagement, motivation, and conceptual understanding, particularly in learning contexts that
require spatial awareness and procedural knowledge.

In vocational broadcasting education, the use of-Bé&Red learning media is especially relevant.
Broadcasting practices often involve simultaneous technical activities that are difficult to observe in real time,
especially in classrooms with a large number of students. As a result, some students may miss critical learning
moments during practice. \\Rased instructional videos, particularly those using@&gree video technology,
offer an alternative solution by enabling students to explore production environments freely and revisit learning
materials as needed.

Despite the growing interest in VR for education, its implementation in vocational schools, especially in
Indonesian contexts, remains limited. Many existing studies focus on general education or higher education
settings, while fewer address the specific needs of vocational broadcasting programs. Therefore, there is a need
for systematic development and evaluation of-hM&ed learning media that align with vocational curricula and
practical learning objectives.

This study aims to develop and evaluate a Virtual Rédaged learning video to support broadcasting
education in vocational high schools in Yogyakarta. By employing a research and development approach, this
study seeks to provide empirical evidence on the feasibility and effectivenessludsér learning media for
enhancing practiceriented learning in vocational education.
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LITERATURE REVIEW

1. Virtual Reality in Education

Virtual Reality (VR) is a computdsased technology that enables users to interact with immersive; three
dimensional environments that simulate real or imagined situations. In educational contexts, VR has been
widely recognized as an effective medium for experiential learning, allowing learners to actively engage with
learning content rather than passively receiving information (Radianti et al., 2020). By integrating visual,
auditory, and spatial elements, VR supports deeper cognitive processing and enhances learner engagement.

Several studies have demonstrated that VR can improve learning motivation, conceptual understanding, and
retention, particularly in subjects requiring spatial awareness and procedural knowledge (Makransky &
Petersen, 2019). VR environments allow learners to explore complex processes from multiple perspectives,
repeat learning experiences independently, and learn at their own pace. These characteristics make VR
especially suitable for technical and skiflsented learning domains, including vocational education.

2. 360Degree Video as Learning Media

One increasingly popular form of VBased media in education is 368gree video. Unlike fully interactive
VR simulations, 364@legree video captures rembrid environments and enables learners to control their
viewing direction during playback. This format offers high realism while remaining relatively accessible, as it
can be used with smartphones and-kmgt VR headsets (Pribadi et al., 2019).

Research indicates that 3@@gree video enhances learner immersion and supports authentic learning
experiences, particularly in practibased instruction (Rambing et al., 2017). By presenting real environments
and workflows, 36@egree video helps learners visualize procedures that are difficult to observe directly in
conventional classrooms. Moreover, the ability to replay videos multiple times suppodgestd learning
and reflective practice, which are essential components of effective instructional design (Parlindungan et al.,
2020).

3. Virtual Reality and PracticBased Learning in Vocational Education

Vocational education emphasizes the acquisition of practical skills aligned with workplace demands.
Practicebased learning plays a central role in vocational programs, as students are expected to master tools,
procedures, and professional standards relevant to their field (Winangun, 2017). However, vocational
institutions frequently encounter challenges such as limited access to equipment, safety risks, and unequal
learning opportunities during hardsa practice.

Previous studies suggest that ¥Rsed learning media can effectively address these challenges. VR
provides a safe and controlled environment where learners can observe and rehearse procedures without the risk
of equipment damage or personal injury (Musril et al., 2020). Additionally, VR supports observational learning
by enabling students to repeatedly examine critical steps that might be missed during live demonstrations. As a
result, VR can enhance both skill acquisition and learner confidence in vocational settings.

4. VR and 3606Degree Video in Broadcasting Education

Broadcasting education involves complex production processes, including camera operation, lighting setup,
audio management, and coordination among production teams. These activities often occur simultaneously,
making it difficult for all students to observe each component during live practice sessions. Consequently, some
students may fail to fully understand the workflow and technical details of broadcasting production.

The integration of VR and 3éf@egree video into broadcasting education offers a promising instructional
solution. By immersing learners in a virtual production environment;b¥&ed media allows students to
explore broadcasting workflows holistically and from multiple viewpoints (Sundoro & Wibawa, 2019). This
approach facilitates a deeper understanding of production roles and technical procedures while enhancing
learner engagement and motivation.

5. Research Gap

Although numerous studies have reported positive outcomes of VR andeg6&e video in education,
empirical research focusing specifically on vocational broadcasting education at the secondary school level
remains limited, particularly in the Indonesian context. Many existing studies concentrate on higher education or
general technical training, leaving a gap in research that systematically develops and evaldadsgedvVR
learning media tailored to vocational high school curricula. Therefore, further research is needed to provide
evidencebased models for integrating VR into vocational broadcasting instruction.
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METHOD

This study employed a research and development (R&D) design aimed at developing, validating, and
evaluating a Virtual Reality (VRpased learning video to support broadcasting education in vocational high
schools. R&D is appropriate for studies that focus on producing educational products and systematically testing
their feasibility and effectiveness (Richey & Klein, 2007).

The development process followed the APPED model, which consists of five stages: Analysis, Planning,
Production, Evaluation, and Dissemination. This model was selected because it provides a structured framework
for instructional media development and emphasizes iterative evaluation and refinement to ensure product
quality (Surjono, 2017).

The development procedures were conducted according to the APPED stages:

1. Analysis
A needs analysis was conducted through focus group discussions with vocational teachers and
classroom observations. This stage aimed to identify instructional problems, learner characteristics, and
technical constraints in broadcasting practiesed learning.

2. Planning
Based on the needs analysis, learning objectives were formulated, and a detailed script and storyboard
for the 366degree VR video were developed. This stage also included planning camera placement,
lighting, narration, and learning flow.

3. Production
The VR video was produced using a 3f€jree camera to capture authentic broadcasting studio
environments. Video editing involved color correction, audio enhancement, subtitle integration, and
stabilization to ensure user comfort during VR viewing.

4. Evaluation
Evaluation was carried out in two phases:

a. Expert validation, involving content and media experts who reviewed the product using
structured validation instruments.
b. Limited field testing, involving vocational students who completed a questionnaire to assess
attractiveness, usability, clarity, understanding, and engagement.

5. Dissemination
The final product was disseminated through workshops with teachers and accompanied by a user
guidebook designed to support classroom implementation.

RESULTS AND DISCUSSION

This study aimed to develop and evaluate a Virtual Reality {W&ed learning video to support
broadcasting education in vocational high schools. The results of expert validation and limited field testing
indicate that the developed media meets pedagogical, technical, and practical requirements, and effectively
supports practicbased learning in vocational education.

The content expert validation yielded an overall mean score of 4.66 out of 5, categorized as very feasible.
This result indicates that the instructional content presented in the VR video aligns well with the vocational
broadcasting curriculum, accurately represents indisstrydard procedures, and provides sufficient depth for
vocational students. High scores were obtained particularly in curriculum alignment and relevance of the
material, suggesting that the learning objectives, production stages, and technical explanations correspond to
expected vocational competencies. Minor revisions recommended by the content expert included clarifying
specific technical terms and extending explanations in certain segments through subtitles. These findings
support the argument that content validity is a critical factor in the effectiveness of instructional media
development (Richey & Klein, 2007).

Media expert validation also demonstrated a high level of feasibility, with an overall mean score of 4.63,
categorized as very feasible. The expert highlighted the strengths of the VR video in terms of visual consistency,
audiovisual integration, and stability of the 3@@gree recording. The use of authentic studio environments
contributed to the realism of the learning experience. Suggested improvements focused on technical
refinements, such as enhancing indoor lighting, extending subtitle duration, and adding visual cues to guide
|l earnersdé attention within the i mmersive environment
research emphasizing the importance of usability, comfort, and visual guidance in immersive learning
environments (Radianti et al., 2020).
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Following expert validation and product revision, a limited field trial was conducted with five vocational
broadcasting students. The results showed highly positive student responses, with an overall mean score of 4.7,
categorized as very good. Students reported that théagRd learning video was engaging, easy to use, and
helpful in improving their understanding of broadcasting production processes. In particular, students noted that
the ability to freely explore the studio environment and observe camera placement, lighting arrangements, and
production workflows from multiple perspectives significantly enhanced their comprehension. This finding
aligns with studies indicating that immersive learning environments can improve observational learning and
procedural understanding (Makransky & Petersen, 2019).

The integration of VR into vocational broadcasting education addressed several instructional challenges
commonly found in practicbased learning. In conventional practical sessions, students often have limited
opportunities to observe all stages of production due to space constraints, equipment limitations, and the
simultaneous nature of broadcasting activities. ThebdRed learning video mitigated these issues by enabling
repeated observation and spiced exploration, thereby supporting learner autonomy and reflection. This result
supports previous findings that VR can reduce inequalities in learning opportunities and enhance skill
acquisition in vocational contexts (Musril et al., 2020).

The use of 36@legree video as the primary VR format proved to be an effective and accessible solution for
vocational schools. Compared to fully interactive VR simulations;d@&ffee video offers high realism while
requiring relatively low technical and financial resources. This makes it suitable for educational settings with
limited infrastructure, as it can be accessed using smartphones and affordable VR headsets (Pribadi et al., 2019).
The findings of this study confirm that 3@&gree video can serve as a practical entry point for integrating
immersive technologies into vocational education.

From a pedagogical perspective, the-bWa&sed learning video supports studeemtered and constructivist
learning approaches by allowing learners to actively explore learning environments, control their viewing
direction, and revisit learning content as needed. Such characteristics align with constructivist learning
principles that emphasize active engagement and learner control in knowledge construction (Creswell & Plano
Clark, 2018). The positive responses from students indicate thdtag&l media can complement traditional
instructional methods and enhance the overall quality of learning experiences in vocational education.

Overall, the integrated results demonstrate that the developetias®tl learning video is a feasible,
effective, and innovative instructional medium for vocational broadcasting education. The convergence of
expert validation results and positive student feedback provides strong empirical support for the use of VR
based learning media in practiogented educational contexts.

CONCLUSION

This study aimed to develop and evaluate a Virtual Reality {b&3ed learning video to support
broadcasting education in vocational high schools in Yogyakarta. Using a research and development approach
with the APPED model, the study systematically produced, validated, revised, and testedegraé0VR
instructional video designed to support prachesed learning.

The findings demonstrate that the developed-B&Red learning video is highly feasible and effective.
Validation results from content experts (mean score = 4.66) and media experts (mean score = 4.63) indicate that
the product meets pedagogical, technical, and curricular standards. Furthermore, the limited field trial involving
vocational students produced very positive responses (mean score = 4.7), showing that the VR video enhanced
studentsd6 understanding, engagement, and | earning exp

The use of 36@egree video proved to be a practical and accessible form of VR for vocational education. It
allowed students to observe authentic broadcasting environments from multiple perspectives and revisit learning
materials independently. This approach addressed common challenges in vocationatsetckearning,
such as limited access to equipment and unequal observation opportunities during live practice sessions.

Overall, this study provides empirical evidence thathéRed learning media, particularly 38égree video,
can effectively support vocational education when developed through a systematic instructional design process.
The findings suggest that integrating immersive media into vocational learning can enhancecshigead
learning and better prepare students for-vealld professional contexts.

Future research is recommended to involve laggate field testing, integrate interactive elements within
VR environments, and explore the application of-&sed learning media in other vocational disciplines.
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Abstract. Resinbased 3D printing provides high precision and versatility but presents occupational risks such as
chemical exposure, ultraviolet (UV) radiation, and flammable solvents. Ensuring safe practices requires structured
risk assessment and safety management. This study applies the Hazard and Operability Study (HAZOP) method to
systematically identify hazards and process deviations in resin 3D printing. Observations, interviews, and expert
discussions were used to analyze critical process nodes including resin preparation, printing, washing with isopropyl
alcohol (IPA), curing, and waste handling. Each node was evaluated using standard guide words (No, More, Less,
Reverse, Other than) to identify deviations, causes, consequences, safeguards, and recommendations. Findings show
that resin handling and washing stages pose the highest risks due to chemical exposure and flammability, while
curing poses UMelated hazards. Recommendations include the use of personal protective equipment (PPE),
installation of exhaust ventilation, shielding of UV curing units, and proper segregation of hazardous waste. The
analysis was used to develop a draft Standard Operating Procedure (SOP) emphasizing engineering controls,
administrative measures, and PPE requirements. This research provides an early framework for improving
occupational health and safety (OHS) in rdsised additive manufacturing, particularly in laboratory and
educational settings. It also serves as a foundation for future studies that will complement HAZOP with Job Safety
Analysis (JSA) to strengthen SOP development and compliance strategies.

Keywords:HAZOP, Resin 3D Printing, Occupational Safety, SOP, Additive Manufacturing

INTRODUCTION

Additive manufacturing using restmased 3D printing is increasingly applied in prototyping, creative
industries, and educational laboratories. While the technology enables the production of complex geometries
with high accuracy, it introduces Occupational Health and Safety (OHS) risks. These include exposure to
volatile organic compounds (VOCSs) from photopolymer resins, flammability and inhalation risks from isopropyl
alcohol (IPA) used in washing, and ultraviolet (UV) radiation hazards during curing (Chan et al., 2018;
Vaisanen et al., 2022). Risk assessment methods are essential to systematically identify, evaluate, and mitigate
these hazards.

The Hazard and Operability Study (HAZOP), commonly used in chemical and process industries, provides a
structured approach to analyzing process deviations and proposing safeguards (Kletz, 1999). Although HAZOP
has proven effective in chemical operations, its application in-besied 3D printing remains limited. This
study is designed as a preliminary research focusing on HAZOP as a gevetsisk assessment method for
resin 3D printing. The findings aim to produce a draft Standard Operating Procedure (SOP) for safer practices in
laboratory settings.

At the same time, this research also positions itself as the first stage of a broader project: the next phase will
apply Job Safety Analysis (JSA) to complement HAZOP by identifying-leasd hazards and assessing
operator compliance. Thus, the two studi¢é$éAZOP and JSA are intended to provide a comprehensive
framework for safetyoriented SOP development in resiased additive manufacturing. Occupational health
and safety in additive manufacturing has been a growing concern in recent yeardaRedir8Dprinting,
particularly those using stereolithography (SLA) and masked stereolithography (MSLA), is associated with the
emission of volatile organic compounds (VOCSs), fine particles, and other hazardous substances. Studies show
that prolonged exposure to these emissions can cause respiratory issues and skin irritation (Chan et al., 2018;
Véisanen et al., 2022). In addition, the use of isopropyl alcohol (IPA) for cleaning presents risks of fire and
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inhalation (Du Preez et al., 2018), while ultraviolet (UV) curing poses eye and skin hazards if proper shielding is
not applied (Petretta et al., 2019).

Risk assessment methods are essential to mitigate such hazards. Job Safety Analysis (JSA) has been widely
applied in educational and industrial environments to identify hazards at the task level and develop Standard
Operating Procedures (OSHA, 2020). However, JSA focuses more on “askanteractions, while resin 3D
printing also involves procedsvel risks such as chemical concentration, flow, and equipment operation. For
this reason, HAZOP provides an additional perspective. Originally developed in the chemical industry, HAZOP
uses systematic guide words suctNas More, Less, Reverse, Other thardentify potential deviations, their
causes, consequences, and safeguards (Kletz, 1999). Its structured nature makes it suitable for processes
involving chemicals and sequential operations. Although HAZOP has rarely been applied in additive
manufacturing, Leso et al. (2021) and Antic et al. (2023) emphasize the need for more comprehensive risk
assessments in 3D printing beyond emission monitoring, integrating both process safety and occupational safety.

FIGURE 1. Practical Usef MSLA 3D Printing Resin

In addition to chemical hazards, ergonomic risks have also emerged as a significant concern in resin 3D
printing. Previous research has demonstrated that tasks such as print removal and tank cleaning pose high
ergonomic risks due to awkward postures and repetitive motions. Ergonomic approaches using REBA and
RULA assessments have been applied to design ergonbasesl SOPs, indicating that safety in additive
manufacturing must integrate both proecksgl and humaifactor perspectives.

This study therefore represents the first stage of a broader research roadmap. The current paper focuses on
applying HAZOP to analyze process deviations and hazards at the system level. The next stages will involve
JSA to capture taslevel risks, and ergonomic studies to optimize workspace design and operator posture.
Finally, all findings will be synthesized using a Design Thinking approach to develop a comprehensive and
usercentered SOP for resin 3D printing.

( ) ( ) ( Stage 3 ) (" Stage 4i Design
Stage 1i HAZOP: Stage 2 JSA: Eorgonomcs o TG e e
Identifies process Conducts risk related rFi)sks HAZOP, JSA, and

deviations and assessment at the workstation la 6ut ergonomic

hazards at the system task and operator lightin ventilaﬁion’ assessments into a
level. activity level. 9 ang’o erator comprehensive, use
worksl?pace centered SOP for

. J . J . _J \ OHS. J

FIGURE 2. Research Roadmap for Developing Safety SOPs in Resin 3D Printing

RESEARCH METHOD

The study employed a descriptigeialitative method with expert validation. Data collection included
observation of resin 3D printing workflows, interviews and FGDs with operators, students, and safety experts,
and review of safety standards (ISO 45001, OSHA, SMK3 Indonesia). The HAZOP procedure involved
defining nodes such as resin preparation, printer operation, washing tank, curing chamber, and waste container.
Each node was analyzed using guide words (No, More, Less, Reverse, Other than) and parameters (flow,
concentration, exposure, handling, protection). Deviations, consequences, safeguards, and recommendations
were identified. The draft SOP developed from HAZOP findings was validated through expert review and
limited laboratory testing.

2
5
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3.1 Study Design and Setting

This study adopts a descriptive, qualitatigeantitative HAZOP approach applied to rebased 3D
printing workflows in a laboratory environment. The process under study consists of five nodes: (1) Resin
preparation, (2) Printing, (3) Washing with isopropyl alcohol (IPA), (4) UV curing, and (5) Waste handling and
storage. A multidisciplinary HAZOP team (process engineer, OHS specialist, lab supervisor, and operator)
conducted the sessions.
3.2 Equipment and Materials

Equipment: desktop MSLA resin printer, washing tank @ssed), UV curing chamber, local exhaust
ventilation (LEV) with carbon filter, fire extinguisher (Class B), spill kit, and hazarsaste containers with
secondary containmenideasuring instruments: handheld VOC meter (ppb), UV radiometefi 4805nm),
light meter (lux), anemometer (m/s), thermpgrometer, and noise meter (dBAMaterials/Chemicals:
photopol ymer resins (manufacturer Safety Data Sheets
splash goggles, lab coat, respirator (as required), absorbent pads, and labelbguipgsent andnaterialsare
summarized in Tablé.

TABLE 1. Equipment and Materials

No. Equipment Materials/ Chemicals

1  desktop MSLA resin printer photopolymer resins

2  washing tank (IPAbased) i sopropyl alca
3 UV curing chamber nitrile gloves

4 local exhaust ventilation (LEV) splash goggles

5 fire extinguisher (Class B) lab coat

6  spill kit respirator (as required)

7  hazardouavaste containers absorbent pads

8 labeling tags

3.3 Procedures

This procedure was adapted from the structured steps recommendieéd@P: Guide to Best Practiq@rd
Edition, 2015), which emphasizes systematic node selection, parameter identification, application of guide
words, and team consensus.

1. Process mapping: Observe each node to define normal operating conditions (NOC), inputs/outputs, and
existing safeguards; document with photos and R&tfde schematics where applicable.

2. Data collection: (a) Spot measurements (VOC, air velocity at LEV inlet, illuminance,
temperature/humidity), (b) tinienotion of key tasks (approx. duration per node), and (c) review of SDS
and equipment manuals.

3. HAZOP workshops: For each node, apply guide words to parameters to generate deviations, causes,
consequences, safeguards, and recommendations. Record cosseslissk ratings using the matrix
in Section 3.5.

4. Field verification: Crossheck highrisk deviations in situ (e.g., simulate lid interlock failure on UV
chamber without exposure risk). Verify feasibility of safeguards (e.g., duct routing for LEV, interlock
compatibility).

5. Translation to SOP: Convert accepted recommendations into engineering controls, administrative
controls (signage, checkilists, training), and PPE. Draft SOP steps and acceptance criteria; align with ISO
45001 clauses and local SMK3 requirements.

Process Data HAZOP
verification

mapping collection workshops

FIGURE 3. HAZOP Procedure




The 13™ International Conference on Educational Research and Innovation

3.4 HAZOP Guide Words and Parameters

The guide words applied in this study were adapted from the standard terminology outlined in HAZOP:
Guide to Best Practice (3rd Edition, 2015), including No, More, Less, As well as, Part of, Reverse, and Other
than, to ensure a systematic and comprehensive identification of potential deviations
3.5 Risk Ranking Method

A semiquantitative 5x5 risk matrix was employed in line with the recommendatioRGOP: Guide to
Best Practice(2015). This approach emphasizes the integration of severity and likelihood assessments to
systematically prioritize corrective and preventive actions.
3.6 Data Recording and Quality Assurance

Consistent with the guidance HAZOP: Guide to Best Practio®015), all findings were documented in
structured HAZOP worksheets. In addition, quality assurance medsswel as independent reviews and
crossvalidation within the teaf were applied to enhance traceability and reliability of the analysis outcomes.
3.7 Validation and Ethics

Face validity was obtained through expert review (OHS professional and process engineer). A pilot run of
the SOP was performed with volunteer operators after safety briefing; no personally identifiable data were
collected. The study complies with institutional OHS policies and applicable chemical handling regulations.

RESULTS AND DISCUSSION

Results

The HAZOP analysis was applied to five critical nodes of rbaised 3D printing: resin preparation,
printing, washing, curing, and waste handling. Table 1 illustrates the results for the washing process with
isopropyl alcohol (IPA). Additional analyses for other stages are summarized in Tiafles 2

TABLE 2. HAZOP Analysisi Resin Preparation

Node Parameter  Guide Word Deviation Consequence  Safeguard Recommendation
Resin Resin volume More Excess resin Spillage, skin  Visual check Use graduated
Preparation poured contact, waste container
Resin Handling Reverse Resin container Spillage Gloves, Provide funnels
Preparation tilted training

incorrectly
Resin Exposure Other than Resin handled Skin irritation,  Signage Mandatory PPE
Preparation without PPE allergy policy

TABLE 3.HAZOP Analysisi Printing Process

Node Parameter  Guide Word Deviation Consequence Safeguard = Recommendation
Printing Platform Other than Not Print failure,  Operator Routine
leveling calibrated rework check calibration
checklist
Printing Exposure More Excess UV Degraded Timer Automatic cutoff
time exposure resin,
operator
hazard
Printing Machine Less Open cover  Resinvapor  Warning Interlock
cover during print exposure label mechanism

TABLE 4. HAZOP Analysis forPostProcessingWashing with IPA

Node Parameter  Guide Word Deviation Consequence Safeguard = Recommendation
Washing Solvent level No No IPA Residual resin Operator Maintain
Tank available not removed  check minimum stock
Washing Solvent Less Diluted IPA Incomplete Visual Replace solvent
Tank concentration cleaning inspection regularly
Washing Vapor More Excess vapor Inhalation Natural Install exhaust +
Tank exposure released risk, fire ventilation PPE mask

hazard

Washing Handling Reverse IPA poured Spill, skin Gloves, Secondary
Tank incorrectly contact training containment
Washing Waste Other than IPA disposed Environmental Segregated  Hazardous waste
Tank disposal with general  hazard container protocol

waste
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|4
TABLE 5. HAZOP Analysisi UV Curing
Node Parameter  Guide Word Deviation Consequence Safeguard  Recommendation

UV Curing Door closure Less Door not UV leakage, Warning sign Install interlock
closed exposure system

UV Curing Exposure More Excess curing Overheating, Timer Automatic shut

duration time brittle print off

UV Curing Shielding Other than Insufficient Operator Protective Install UV shield

shielding eye/skin goggles
hazard

TABLE 6. HAZOP Analysisi Waste Handling & Disposal

Node Parameter  Guide Word Deviation Consequence Safeguard Recommendation
Waste Segregation  Other than Resin mixed Environmental Label Hazardous waste
Handling with general  contamination container SOP

waste
Waste Storage More Excess waste Spillage, Periodic Scheduled
Handling accumulation fumes disposal collection
Waste Handling Reverse Incorrect Spillage, Training, Secondary
Handling pouring contact gloves containment

The initial HAZOP worksheet for the washing process using isopropyl alcohol (IPA) revealed multiple
deviations associated with solvent handling, vapor emissions, and waste disposal. These deviations highlight not
only the potential chemical and fire hazards but also the importance of proper ventilation and waste segregation.
To provide a more comprehensive overview, further HAZOP assessments were conducted for the preceding and
subsequent stages of resin 3D printing, including resin preparation, the printing process itself, UV curing, and
final waste handling.

Resin Preparation

Deviation: Excess resin poured into the \Wob(e)

Cause: Operator error, lack of measurement tools

Consequence: Resin spillage, skin contact, unnecessary waste

Safeguard: Visual inspection, manual handling

Recommendation: Use graduated containers, provide training on resin measurement

E R ]

Printing Process

Deviation: Build platform not leveleddther than

Cause: Incorrect calibration

Consequence: Print failure, increased exposure time

Safeguard: Operator calibration check

Recommendation: Implement checklist, periodic machine maintenance

E R

UV Curing

Deviation: Door not properly closeti€ss protection

Cause: User negligence, defective lock system

Consequence: UV leakage, operator eye/skin exposure

Safeguard: Warning label, basic shielding

Recommendation: Install interlock system, provide protective goggles

E I ]

Waste Handling & Disposal

Deviation: Waste resin mixed with general wagdher thar)

Cause: Lack of segregation protocol

Consequence: Environmental contamination, legal compliance issues
Safeguard: Waste container with labels

Recommendation: Implement hazardous waste protocol, operator training

E R ]

“Navigating the Human-Al Collaboration in Education: Challenges and Opportunities”
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Key findings indicated that resin handling and washing stages pose the highest risks. Existing safeguards
such as PPE and natural ventilation were insufficient, highlighting the need for stronger engineering controls,
UV shielding, and structured waste management. The HAZOP results were translated into SOP elements:
engineering controls (exhaust ventilation, UV shielding), administrative controls (training, signage, inventory
checks), and PPE (gloves, goggles, respirators, lab coats).

Discussion

The HAZOP analysis was applied to five critical nodes of rbsised 3D printing: resin preparation,
printing, washing, curing, and waste handling. The initial worksheet for the washing process using isopropyl
alcohol (IPA) revealed multiple deviations associated with solvent handling, vapor emissions, and waste
disposal. These deviations highlight not only the potential chemical and fire hazards but also the importance of
proper ventilation and waste segregation. To provide a more comprehensive overview, further HAZOP
assessments were conducted for the preceding and subsequent stages of resin 3D printing, including resin
preparation, the printing process itself, UV curing, and final waste handling.

The results show that:

1. Resin preparation is vulnerable to chemical spillage and dermal exposure, especially when containers are
mishandled or PPE is not used. Simple engineering solutions such as graduated containers and funnels,
combined with administrative controls (PPE policy, signage), were identified as effective safeguards.

2. Printing process hazards include poor platform leveling, incorrect UV exposure times, and opening the
machine cover during operation. These issues can lead to product failures, degraded resin, and operator
exposure to fumes. The most effective safeguards are routine calibration, interlock mechanisms, and
automatic timers.

3. Washing with IPA presents the highest flammability and inhalation risks due to vapor release. Safeguards
include local exhaust ventilation (LEV), strict PPE enforcement, and safe waste segregation procedures.

4. UV curing hazards stem from UV radiation leakage and overheating due to prolonged curing. Interlock
doors, shielding, and automatic stuft systems are essential controls.

5. Waste handling and disposal risks involve improper segregation of-casiaminated waste,
accumulation of IPA waste, and spillage during transfer. Adoption of hazardous waste SOPs, labeling,
and scheduled disposal is recommended.

Across all nodes, the highedtk deviations were associated with flammability of IPA vapors and UV
radiation exposure. The application of the sgmmntitative risk matrix showed that these hazards fall into the
High to Extreme categories, requiring immediate engineering and administrative interventions. This analysis
underscores the importance of integrating engineering controls (LEV, interlocks, shielding), administrative
measures (signage, training, checklists), and PPE into a comprehensive SOP framework. It also confirms that
HAZOP is a suitable tool for systelavel hazard identification in resimased 3D printing.

CONCLUSION

This study demonstrated the application of Hazard and Operability Study (HAZOP) to identify and assess
risks in resirbased 3D printing processes. Five critical hodes were analyzed: resin preparation, printing,
washing with IPA, UV curing, and waste handling. The results revealed significant risks, particularly related to
IPA vapor flammability, chemical exposure during resin handling, and UV radiation leakage during curing. The
analysis provides practical recommendations for engineering, administrative, and personal protective safeguards
that can be directly translated into Standard Operating Procedures (SOPs). These findings serve as a foundation
for enhancing occupational health and safety in educational and laboratory environments whégseesBD
printing is implemented.

Importantly, this research is positioned as the first stage of a broader project. Future work will complement
the HAZOP results with Job Safety Analysis (JSA) at the task level, ergonomic assessments (REBA/RULA),
and a design thinking approach to integrate-gsetered perspectives. Together, these efforts will contribute to
the development of a comprehensive and practical OHS SOP framework for resin 3D printing.
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Abstract. Thi s study devel ops flaset lagrming meBia dinzed at fbsewrs dolerange c ul t ur ¢
among primary school students in Yogyakarta, Indonesia. Grounded in the need to integrate character education with

local wisdom, the research employed a research and development (R&D) approach using ADDIE models. The

research consisting of needs analysis, design, development, implementation, and evaluation.The media presents an
interactive journey across Java lIsland, introducing students to cultural diversity and values of harmonious
coexistence. Data were gathered through expert validation, teacher feedback, and student responses. Findings show

that the media is feasible, engaging, and effective in e
Experts highlighted its cultural relevance, while classroom implementation demonstrated improved appreciation of

diversity and collaborative behaviour among students.The study concludes that contextualized cultural learning

media can strengthen tolerance education at the primary school level and contribute to broader efforts in promoting

peace and inclusive character development.

Keywords: tolerance education, cultural learning media, primary schools, character education

INTRODUCTION

Tolerance education has become a global urgency amid rising social polarization,-lokeseityconflicts,
and the declining sensitivity toward diversity among younger generations. UNESCO emphasizes that education
for tolerance is an essential component of peace education and human rights edUiNESCO, 1994)
Through education, young people are expected to understand, appreciate, and respect religious, ethnic, and
cultural differences as an inherent part of shared life.

I n I ndonesi a, this issue holds particular significa
character. Yogyakardaknown as the City of Education and the City of Tolerénserves as a miniature
reflection of Il ndonesiabs diversity, with thousands
backgrounds

(Humas DIY, 2023; KESBANG DIY, 2022)Nevertheless, educational reports and several studies still
indicate that intolerance occasionally emerges within school settings, taking the form of stereotypes, exclusion,
or bullying based on differencéSudirman, 2019; Sularto, 2018Jhis is concerning, as elementary education
represents a cruci al period in childrenb6s character
develop rapidly(Mangunwijaya, 1986)Therefore, efforts to instill the value of tolerance in children must be
carried out systematically and contextually from the primary school level.

At the elementary school age, according to Piaget, children are in the concrete and symbolic stages of
thinking. They comprehend moral values more easily through visual experiences, narratives, and role models
rather than through lectures or abstract explanatiduso & Jeffrey, 2008) Consequently, storgased learning
becomes a more effective approach to teaching social values such as empathy, cooperation, and tolerance.
Banduradés soci al |l earning theory explains that chilc
behaviors. Thus, tolerant characters and attitudes can be developed through story figures who demonstrate
respect for differences and harmonious coexistence in diversity. lllustrated storybooks, therefore, offer a
promising alternative for teaching tolerance to chilc
still focus on general moral themes or entertainment, rather than promoting intercultural and interfaith tolerance
values(Rahmadonna, 2023)

Storybooks possess great potential as enjoyable instruments for character education. Effiong and Igiri assert
that contextually designed | earning mat er(Efiohgs can en
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Igiri, 2015). A welldevel oped <childrenés storybook should not C
reflective activities that invite learners to contemplate the moral messages conveyed Mitthiofir, 2011)

lllustrated storybooks, in particular, provide distinct pedagogical advantages compared to conventional teaching
materials. First, the combination of text and visual illustrations helps children understand the meaning of stories

more deeply, as information is processed through dual cognitive chanrezlzal and visua(Mayer, 2009)

Second, appealing illustrations can improve children
(Nikolajeva & Scott, 2006) Third, narrative structures in illustrated books offer wide imaginative space,

allowing children to interpret moral messages personally, thereby creating more meaningful learning
experiences. Several studies have demonstrated that illustrated storybooks are effective in fostering social and

cultural values because they pr es en-ife axpemencegkfiong t hat a
& 1giri, 2015; Yuliani & Hermawan, 2020)

Within this context, the development of the illustr
Javao) emerges as a relevant and contextual solutior

highlights the rich cultural heritage of Java Island as an entry point for nurturing mutual respect. Children are
invited to explore traditional houses, local cuisines, clothing, and customs from various provinces across Java
while learning that such diversity is part of a shared identity. This-mdalrebased approach aligns with the

view that character education should be rooted in social contexts and local wisdom, ensuring that the values
taught are not abstract but e ni& Maal & AlKhaaldi, 2020uAste,nt sd ev
2020) More than merely a literacy medium, Jelajahi Pulau Jawa functions as a form of multicultural learning

that connects cultural knowledge with universal moral values. When children perceive cultural diversity as
something beautiful and worthy of appreciation, they simultaneously learn to accept religious, ethnic, and social
differences in positive ways. Therefore, this illustrated storybook is not only a reading aid but also a strategic
instrument of character education for cultivating tolerance values from an early age.

LITERATURE REVIEW

1. Tolerance and Tolerance Education in the Context of Primary Education

Tolerance is a fundamental prerequisite for peaceful coexistence within a pluralistic society. UNESCO
emphasizes that education for tolerance is not merel
cultivating a critical awareness that diversity constitutes a strength enriching collecti¢NESCO, 1994)In
this regard, education should not only impart cognitive knowledge about differences but must also foster
attitudes and behaviors that support harmonious living.

Tolerance encompasses three interrelated dimensions: the cognitive dimension, which concerns
understanding differences; the affective dimension, which focuses on acceptance; and the behavioral dimension,
which manifests in respectful actions. These three dimensions should be taught integratively through concrete
learning experiences, particularly in primary educai(@fitenberg, 2019)In primary education, these three
dimensions should be taught integratively through concrete learning experiences. This reinforces the notion that
tolerance represents a value interpreted uniquely by each individual according to their personal characteristics
and experienceRahmadonna, Setyosari, Kuswandi, & Sulton, 2025)

Children at the elementary school level are not yet capable of abstract thinking. Consequently, values such as
empathy and appreciation for diversity are more effectively taught througlifeeabntexts and stories that
relate closely to their everyday experien¢eiro & Jeffrey, 2008) The formation of tolerant character must
begin early, since this developmental stage is when children build social and moral understanding that will
shape their future attitudéSudirman, 2019)

Nationally, Il ndonesi ads character e dKemendikbunnstekp ol i cvy,
2020) positions fAgl obal diversityo (berkebinekaan gl ok
century |l earners. This aligns with UNESCO6s Gl obal

students to think openly, understand other cultures, and develop empathy across ifeNESSO, 2016)
Thus, tolerance education in primary schools functions not only to shape moral behavior but also to equip
students with essential life skills for interacting in multicultural societies.

2. Childrendéds Storybooks and Il lustrated Storybooks a

Chil drends storybooks are among the most effective
naturally integrate cognitive, affective, and soci al
children recognize moral values by observing the experiences of story characters (Nodelman, 2008). Stories not
only convey messages but also invite children to em
actions.

lllustrated storybooks expand this potential by combining the power of verbal and visual narratives.
Learning becomes more effective when information is presented through two complementary cognitive
channeld verbal and visuél according to multimedia learning theofiMayer, 2009) As a result, children do
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not merely read words but also interpret meanings through images. The relationship between text and image
creates an fiinterplayo in which illustrations not onl
children understand complex values such as tolerance and efiNiathgjeva & Scott, 2006)

From a pedagogical perspective, illustrated storybooks serve as instruments that facilitate social learning.
Individuals learn by observing and imitating the behavior of mo@hdlzert Bandura, 1977)Iin the context of
childrends | earning, story characters act as soci al
conflict resolution. When children read or listen to stories, they internalize these modeled behaviors through
identification processes, which explains why narrabesed media are often more effective than abstract
explanations in value education.

Empirical research supports this perspective. 11 us
understanding of character values, including empathy and mutual rg3deni & Hermawan, 2020)

Contextual teaching materiélssuch as culturally familiar stori@scan also increase emotional engagement and
learning motivatior(Effiong & Igiri, 2015). Therefore, illustrated storybooks function not only as literacy media
but also as effective tools for moral and social learning.

3. Landasan Teoretis: Konstruktivisme dan Teori Pembelajaran Sosial

Constructivism and social learning theory complement each other in explaining how children learn tolerance
through narrative media. Constructivism views learning as an active process in which learners construct
meaning from experience and social interac{leosnot & Perry, 2005)n this sense, storybooks act as stimuli
that encourage learners to reflect on the meaning of difference, connect it to their personal experiences, and
construct new understandings about diversity. Teachers serve as facilitators who guide students to discuss and
explore values from stories, making the learning process participatory and meaningful.

Social learning theory explains that prosocial behaviors such as tolerance are formed through observation
and imitation of socially reinforced mode{®. Bandura, 1999; Albert Bandura, 1977&torybooks offer
behavioral models in the form of admired characters. When children observe that characters who respect
differences are rewarded with social acceptance and happiness, these behaviors are strengthened through
vicarious reinforcement

The connection between the two theories is evident. Constructivism explains how children construct
meaning about tolerance through reading and reflection, whereas social learning theory explains why they
imitate tolerant behaviors modeled in stories. Together, they provide a strong theoretical basis for developing
narrativebased learning media suchJadajahi Pulau Jawa

4. Integrating Local Cultural Values into Tolerance Education

Character education becomes more meaningful when it is linked to the cultural context in which learners
grow. In Javanese culture, the valuestepfa selira(empathy and consideration for others) amgkwongke
uwond(treating others with dignity) express deep respect for human feelings and digtiiy 2020) These
are local manifestations of universal principles of tolerance.

Integrating cultural values into learning media helps children perceive tolerance not as a foreign concept but
as part of their own cultural identity. The internalization of social values is more effective when supported by
culturally familiar contextdAl Majali & AlKhaaldi, 2020). Accordingly, the development dklajahi Pulau
Jawa which highlights the cultural richness of Javanese provinces, represents not only a literacy initiative but
also a pedagogical strategy for strengthening character education through local wisdom.

The illustrated storybook is designed not merely to transfer knowledge but to facilitate rsaking,
behavioral observation, and the internalization of social values through cultural symbols. Such a learning
process enables children not only to understand what tolerance means but also to experience and live it as part of
their daily lives.

METHOD

This study employed a research and development (R&D) approach aimed at producing an educational
product in the form of an illustrated storybook entitled Jelajahi Pulau Jawa (Explore the Island of Java),
designed as a learning medium for tolerance education among elementary school students. The R&D approach
was selected because it enables researchers to integrate product development activities with systematic
evaluation and validation proces¢Bsrg, W. R., & Gall, 1989)

The development model used in this research was the ADDIE rt®melch, 2009) This model consists of
five main stages: Analysis, Design, Development, Implementation, and Evaluation. The ADDIE framework was
chosen for its flexibility and adaptability to primary education contexts, as well as its allowance for iterative
product revisions based on expert validation and field testing results.

In this study, all five stag@sAnalysis, Design, Development, Implementation, and Evaluatiware
conducted to produce a feasible, engaging, and pedagogically relevant illustrated storybook that aligns with the
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objectives of tolerance education. The research was carried out in several elementary schools across Yogyakarta,
a city renowned for its strong educational culture and high level of cultural div@isitgas DIY, 2023) The
participants involved in the study included:

1. Content experts lecturers in primary education and character education;

2. Media expert8 lecturers or practitioners in instructional design; and

3. Elementary school teachers and studastend users of the product.

Participants were selected purposively, considering their competence, experience, and relevance to the
context of character education in primary schddlsW. Creswell & Plano Clark, 2018; John W. Creswell,
2014) Data were collected through multiple techniques:

1. Interviews and observationse r e conducted to identify | earnersd al

2. Validation questionnairesere used to obtain assessments from content and media experts;

3. Response questionnaireere distributed to students and teachers to evaluate readability, attractiveness,

and comprehension of values; and
4. Documentation and field notegere maintained throughout the development process.

Quantitative data obtained from validation and field testing were analyzed using descriptive statistics to
calculate mean feasibility scores. Meanwhile, qualitative data derived from interviews and expert comments
were analyzed thematically to identify patterns of feedback relevant to improving the product design. This
process employed aiterative refinementpproach, which involves continuous revision to enhance product
quality (Branch, 2009).

All research procedures adhered to established principles of academic ethics. Permissions were obtained
from schools and teachers prior to implementation, and all child participants received simplified explanations of
the research purpose. The <confidentiality of respon
measures were consistent with the guidelines for educational research involving children established by the
British Educational Research Association, which emphasize the importance of informed consent and the
emotional wellbeing of participantéBERA., 2018)

RESULT

This study produced a developed product in the form of an illustrated storybook elgitidhi Pulau Jawa
(Explore the Island of Jayadesigned as a learning medium for teaching tolerance values to elementary school
students. The book was developed through three primary stages of the ADDIE raodsisis, design, and
developmerd@ before its implementation in classroom learning. The main objective of this research was to
produce a storybook that is valid, feasible, engaging, and effective for teaching tolerance to children through a
joyful and contextual approach.

The development process began with a needs analysis, which revealed that primary school teachers still
lacked teaching materials explicitly designed to instill social valyssticularly toleranc# in ways that are
engaging and agappropriate. Observations and interviews with teachers showed that most students were more
interested in learning through illustrated media and short stories relevant to their daily lives. Based on these
findings, Jelajahi Pulau Jawawvas designed by integrating cognitive, affective, and social aspéwsstory
follows a main charactedolina, who travels across various provinces on Java Island usingairHuslloon.

Each region introduces a new cultural experiénfrem traditional houses, local cuisines, and clothing to the
social behaviors of the people. Through Jolinads jour
something to be appreciated and can be a source of shared happiness.

Visually, the book presents brigholored illustrations and representative child characters, helping students
easily grasp the cultural contexts depicted in the story. Each chapter concludes with two reflective elements:
ADid YouandimWw&® Can You L e arThese featuras afehdesgnedto stimyl2ed
studentsdé critical thinking and mor al reflection. Wi
information but also guides students to interpret the meaning of tolerance through reading experiences.

A validation phase was conducted to evaluate the feasibility of the book before classroom implementation.
Two categories of experts were involvemintent expertsand media experts Content experts assessed the
appropriateness of the content, the depth of the tolerance values presented, alignment with the curriculum, and
the comprehensibility of the material for primary school students. The results showed an average36ore of
out of 4, which falls into theexcellentcategory. Experts agreed that the book successfully portrays cultural
diversity positively and provides concrete examples of tolerant behaviors that children can easily understand.
Some technical suggestions were made, such as simplifying sentences in the reflective sections to make them
more communicative for students agéd 9 years.

Media experts evaluated the visual appearance, layout, typography, color harmony, and balance between text
and illustrations. The results also yielded an average scodeédajut of 4 categorized asxcellent Experts
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praised t he coherence bet ween narrative and vi sual
engagement. The illustrations depicting various Javanese cultures were considered successful in representing
differences naturally without emphasizing stereotypes. Minor recommendations were given, such as enlarging

the font size in certain sections to improve readability for younger readers.

The results from both expert validations indicate thetajahi Pulau Jawameets the pedagogical and
aesthetic criteria of childrenbds |l earning materials
consistency between the content and design quality, confirming that the book is ready for classroom
implementation.

After revising the product based on expert feedback, teachers were involved in evaluating the suitability of
the book for classroom use. Teachers assessed the relevance of the content to the primary school curriculum,
ease of use in teaching, and the alignment of the values presented with character education objectives. The
results showed perfect score of 4.0 out of 4classified agxcellent Teachers stated tha¢lajahi Pulau Jawa
is highly appropriate for use in both classroom instruction and school literacy prograachers also noted
that the storybook was effective because it combined engaging storytelling with explicit moral values without
being didactic. The stories wer-fe exgerencesdwhiaghsmaaelthes el y r
mor al messages easier to internalize and recalll. Add
across different subjects, including Pancasila Education, Indonesian Language, and character reinforcement
programs. These findings support the notion that contextual illustrated storybooks hold stronger appeal and
emotional impact than conventional tdxta s ed mat er i al s, as they simultaneo
and social dimensions.

Following validation and teacher assessment, the storybook was tested with students through two main
stages: asmall-group trial and a medium-group trial. These trials aimed to measure readability,
attractiveness, and comprehension of the tolerance values embedded in th&hstasynall-group trial
involved a |imited number of purposively selected st
illustrations, and language. The results showed an average st aft of 3 categorized agood Students
expressed high interest in the main character and storyline. They were enthusiastic about learning the traditional
houses, clothing, and cuisines of each region Jolina visited. Interviews revealed that most students could recall
tolerance values demonstrated in the stérissch as mutual respect, cooperation, and acceptance of
differences. Teachers observed that students more easily remembered moral values presented through illustrated
stories compared to long telased narratives.

The medium-group trial engaged a larger group of students in a setting closer to real classroom conditions.
This stage aimed to ensure the consistency of studer
reading and discussion sessions. The results indicated an average @B mft of 3 still within the good
category. This stable score across groups suggested that the book maintained consistent readability and appeal
among diverse students. Observations showed active participation, as students shared personal experiences
related to cultural differences and expressed curiosity about traditions in other regions. Teachers also reported
positive behavioral changes, such as students showi
discussions.

The next step is limited implementationlt was conducted in partner schools to examine how the book
functioned in real learning situations. Implementation activities included shared reading sessions and reflective
discussions facilitated by teachers. The results yielded an average s@@83 afut of 3 also in thegood
category. Students demonstrated increased reading motivation and active participation in discussing tolerance
related values found in the stories. Thé® i d Y o u actities effeaively reinforced cultural knowledge,
while the reflective sections encouraged students to think critically about the importance of appreciating
diversity in their school environment.

A comprehensive evaluation was then conducted to review the book based on feedback from experts,
teachers, and students. The evaluation confirmed that the book met the required standards of content quality,
visual presentation, and educational functionality. Final revisions included enlarging the text in the reflection
sections, adjusting certain cultural terms to make them more familiar to students, and strengthening the moral
messages in the concluding parts of the story.

Overall, the results of this study indicate that the illustrated storybelekahi Pulau Jawas of high quality
and effective as a learning medium for teaching tolerance in primary schools. Expert validation confirmed
excellent alignment between content and design, teacher evaluations provided strong support for classroom
relevance and usability, and student trials and implementation demonstrated consistent readability,
attractiveness, and learning effectiveness. Based on these fintklajahi Pulau Jawaan be categorized as a
valid, feasible, and promising educational media product for broader use in character education and tolerance
based literacy programs in primary schools.
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DISCUSSION

The results of this study demonstrate that the illustrated storybelakahi Pulau Jawadeveloped as a
learning medium to teach tolerance values to elementary school students, meets the criteria of a valid, feasible,
and effective educational product. Expert validation produced excellent results, teacher assessments yielded
perfect scores, and both student trials and classroom implementation produced stable mean scores within the
good category. These findings confirm that an illustrated storybook rooted in local culture can function
optimally as a medium for character education by integrating the cognitive, affective, and social dimensions of
child development. Within this context, the following discussion explores how these results relate to existing
theories and previous studies, and why media suclelagahi Pulau Jawaare relevant and effective within
I ndonesiads primary education context.

The success of this product can be explained theoretically througBoaipeitive Theory of Multimedia
Learning which asserts that humans process information through two primary cognitive cBaverblal and
visuab that work in parallel to construct meaningful understandiv@yer, 2009) The design oflelajahi
Pulau Jawa combining simple narrative with colorful illustrations, facilitates this dim@nnel processing,
allowing children to comprehend moral messages not only through text but also through concrete visualization.

This principle aligns with findings by Fiorella and Mayer, who demonstrated that the combination of text and
imagery enhances semantic memory and moral value retention more effectively than teXFalaia &

Mayer, 2016) In this storybook, local cultural illustrations serve not as decorative elements but as meaning
enhancers. Each image contextualizes the narrative at
life through the cultural differences represented in the story.

Beyond cognitive processing, the success of this storybook can also be explained through the social and
affective dimensions of learningocial Learning Theorprovides a strong foundation for understanding how
children acquire character values through observation and imitatbert Bandura, 1977, 2016Yhe main
character,Jolina, in Jelajahi Pulau Jawaacts as a prosocial model demonstrating respect, empathy, and
openness toward cultural diversity. Students who read the story not only understand the concept of tolerance but
al so |l earn by observing ama protesd knbwnmasgaridud learniogwhareact er 6 s
positive behaviors are imitated because they produce emotional satisfaction or social approval. The high
ent husiasm students showed toward Jolina supports th
actions and related them to their own experiences. This aligns with research showing that exposure to moral
stories featuring positive role models increases <chi
within their social environment&iang, Z., Yin & Li, 2025)

From a moral education perspective, visual narratives such as thteajahi Pulau Jawgossess a unique
power that is often unattainable through traditional instructional approaches. Narratives engage the affective
domain, evoking empathy and emotional identification with story characters. Previous studies have shown that
picturebooks hold great potenti al for mor al educatio
while simultaneously nurturing moral reasoning through narrative conflict and resdldtian, 2021) In this
study, students not only recalled the storyline but also reflected on its moral implications. The development of
Jelgjahi PulauJawd hus exempl i fies Zhaob6és view that visual and
holistic understanding of character.

The inclusion of cultural elements significantly strengthens the pedagogical value of this book. Contextual
character education that reflects local culture has proven more effective than universal approaches detached
from | earnersd social real i tepasdira(enipathy aral wangideratien far ul t ur e
others) andngewongke uwongreating others with dignity) embody the essence of tolerance by promoting
empathy and respect for human digr{fystri, 2020) Studies have shown that the success of values education in
multicultural societies depends |l argely on the degr ec
experiencegAl Majali & AlKhaaldi, 2020; van Doorn, 2014)This finding reinforces thatelajahi Pulau Jawa
is not merely a means of introducing regional culture but a vehicle for transforming cultural understanding into
meaningful moral learning.

Teacher evaluations, which received perfect scores, further strengthen the pedagogical legitimacy of the
book. Teachers reported that the book was engaging, easy to use, and alignedRvitfiltRelajar Pancasila

curriculum framewor k, particularly within the di mensi
could be used across multiple learning themes, including Pancasila Education, Indonesian Language, and
literacy enrichment activities. This supports Turano:

a critical determinant of its successful classroom implementéfioran, 2016) Turan also emphasizes that the
effectiveness of character education médsaich as illustrated storidksl e pends on teachersd abi
moral discussion after reading activities. In this study, teachers not only guided the reading process but also
facilitated reflection sessions, ensuring deeper transmission of tolerance values.

The stability of the findings across the three testing phases (2.8, 2.78, and 2.83) indicates consistent
effectiveness of the book across various student groups and learning settings. This consistency is essential
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because it demonstrates that the product can be applied broadly without a decline in quality of engagement or
comprehension. These results align with the study of Zakiah, Sarkadi, and Marini, who found that culturally
based literacy media maintained effectiveness in promoting tolerant attitudes across diverse groups of
elementary students in Jakaffaakiah, Sarkadi, & Marini, 2023)Their research confirmed that tolerance
learning becomes more meaningful when presented in cultural contexts familiar to childietajahi Pulau

Jawsg illustrations of traditional houses, clothing, and social customs foster emotional connection and cultural
pride, which in turn enhance the internalization of tolerance values.

From a constructivist standpoint, the findings indicate that students did not passively absorb moral messages
but actively constructed meaning through their interaction with the story. Learning, as Fosnot and Perry explain,
is a process of personalizing experience and reflecting on acquired knoWfedymt & Perry, 2005)The
reflective component idelajahi Pulau Jawa specifically the sectioii Wh at Can Yencoulagedr n ? 0
students to relate tolerance values to their personal experiences, such as interactions with peers of different
cultural or religious backgrounds. This reflective process is critical for value internalization. Observations
showed that students spontaneously shared personal experiences after reading, indicating that narrative media

successfully stimulated reflective awareness. These
education all ows |l earners to fAexperience mor al conf | i
within their social contextéHaste, 2025)

I n relation to tolerance theory, the findings of

tolerance as encompassing three interrelated components: understanding differences (cognitive), accepting
diversity (affective), and showing respect (behaviof@ltenberg, 2019)All three components are reflected in

both the design of the book and the research outcomes. Cognitively, students understood cultural diversity
through the narrative and factual elements. Affectively, illustrations and simple conflicts in the stories fostered
empathy toward others. Behaviorally, classroom discussions and reflections helped students practice concrete
expressions of respect for differences. Thus, the book not only conveyed the concept of tolerance but also
facilitated its holistic formation. Moral stoflyased approaches have been shown to be highly effective in
teaching soci al val ues because they si mRdhiem 80RO usl y ac
This aligns with the findings of the present study, where students exhibited active participation, emotional
engagement, and increased reflective ability after readitgjahi Pulau JawaTherefore, a narrativeisual

approach demonstrates pedagogical superiority over expository methods in value education.

Nevertheless, this study also reveals several challenges. Although the mean scores fall wibivdthe
category, the fact that they did not reach the maximum score indicates that value internalization requires a
longer and more iterative process. Some students still needed teacher assistance to understand less familiar
cultural terms. Additionally, since the book focuses primarily on Javanese culture, adaptations may be necessary
for other cultural contexts to ensure broader inclusivity and universality of the tolerance message. These
challenges are consistent with the findings of Cohen, Simmons, and Chen, who argued that the formation of
active tolerance attitudes cannot be achieved through a single intervention but must be developed through
repeated experiences across diverse social corfeadten, Simmons, & Chen, 2021)

Overall, Jelajahi Pulau Jawademonstrates both empirical effectiveness and strong theoretical grounding.
Mayerd6s multimedia principles explain the cognitive
social learning theory elucidates the mechanism of learning through modeling; the constructivist approach of

Fosnot and Perry highlights the importance of reflection in meamiagk i n g ; and Witenbergbs
tolerance provides a framework for evaluating the cognitive, affective, and behavioral dimensions of values

education. Toget her, these frameworks converge with
character education must be rooted in the | earnerso

advances the development of culturally grounded learning media for fostering tolerance, empathy, and respect
for diversityd values that are increasingly vital in 2tgintury education.

CONCLUSION AND RECOMENDATION

This study successfully developed an illustrated storybook tigdmjahi Pulau JawgExplore the Island of
Javg as an effective learning medium for cultivating tolerance values among elementary school students. The
systematically conducted development process resulted in a valid and feasible product, as reflected in the expert
evaluations of content and media, both categorizedxasllent and teacher assessments, which achieved a
perfect score. Student trials and classroom implementation further demonstrated positive responses, with
consistent levels of readability, attractiveness, and value comprehension falling withaotleategory.

Jelajahi Pulau Jaweeffectively integrates literacy, cultural visualization, and reflective activities into a
cohesive, contextual, and engaging learning experience. Through stories and illustrations closely related to
childrends daily 1lives, the book helps students und:¢
mutual respect. The positive reception from teachers and students demonstrates that culturally grounded media
can function optimally in character education at the primary level.
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Accordingly, the findings of this study reaffirm that value education can be effectively developed through
creative and contextually relevant narrativisual media.Jelajahi Pulau Jawafunctions not merely as a
reading tool but as a social learning medium that cultivates tolerance awareness from an early age. The product
holds strong potential for broader use in strengthening student character formation and serves as a model for
future culturally based educational media development.

Based on the findings, several practical recommendations are proposed to expand the benefits and
effectiveness adelajahi Pulau Jawas a medium for teaching tolerance in primary education:

1. Teachersare encouraged to utilize this book as thematic literacy media that integrate character and

cultural dimensions within classroom instruction.

2. Schoolsare advised to incorporate culturally based media suchelagahi Pulau Jawanto regular
literacy activities and as part of tHerofil Pelajar Pancasila(Pancasila Student Profile) character
development program.

3. Curriculum developers and education policymakshsuld consider expanding this model of media
development to represent other cultural contexts across Indonesia, ensuring inclusivity and diversity in
value education.

4. Researchers and educational practitiomeesrecommended to conduct extended longitudinal studies to
examine the longerm effectiveness of this storybook in shaping tolerant attitudes and behaviors.

5. School principals and character education coordina@®ncouraged to cultivate a school culture that
supports tolerance learning by integrating this medium into sekig@ programs and extracurricular
activities.

Collectively, these recommendations emphasize the importance of synergy between instructional media,
teachers, school policy, and local cultudelajahi Pulau Jawehas demonstrated that tolerance values can be
taught in enjoyable, visual, and contextually meaningful ways. With deliberate and collaborative
implementation, this book holds the potential to become a national model for inclusive and sustainable culture
based character education.
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Abstract. This prestudy explores lecturer readiness in equippingsgrgice teachers with pedagogical competence

from a deep learning perspective. Conducted at Universitas Negeri Yogyakarta (UNY), the study aims to provide a
foundation for the future development of a deep learbeged instructional model in teacher education. Findings
indicate that preservice teachers have been consistently introduced to pedagogical knowledge since the early
semesters of their studies. However, the current learning process remains dominated by theoretical aspects rather
than practical application. As a result, when students enter sibhsetl teaching practice, they often rely heavily on
theoretical understanding with limited opportunities for authentic implementation. Data were collected through
surveys, interviews, and curriculum document analysis involving lecturers from the faculty of education. The results
show that while lecturers are committed to strengthening pedagogical competence, challenges remain in integrating
reflective practice, redife classroom simulation, and studemntered approaches that characterize deep learning.
This study underscores the need for shifting from théeagvy delivery toward more practiogiented strategies,
ensuring that prservice teachers can smoothly apply their pedagogical knowledge in teaching practice. Insights
gained from this prstudy provide a valuable basis for designing a deep leaaniagted instructional model that

better prepares future teachers for the demands of the classroom.

Keywords: lecturer readiness, pedagogical competence;s@mdce teachers, deep learning approach, teacher
education

INTRODUCTION

Teachers are key actors in determining the quality of education. In the Indonesian context, teacher
professionalism is regulated by Law No. 14 of 2005 on Teachers and Lecturers, which mandates that teachers
possess four core competencies: pedagogical, personal, social, and professional. Among these, pedagogical
competence is the distinctive hallmark of the teaching profession, as it encompasses the ability to effectively
manage the learning procdsBom understanding learner characteristics, designing instruction, implementing
appropriate strategies, to conducting evaluation and reflection. However, various national reports and results
from the Teacher Competency Test (Uji Kompetensi (
competence in Indonesia remains relatively low. National average scores in pedagogical domains have yet to
reach the expected standards, and many teachers are categorized as underqualified (Mardhatillah & Surjani,
2023; Kemdikbud, 2017; Husain & Muslim, 2021). This situation underscores the urgent need to strengthen
pedagogical competence from the early stages of teacher education in teacher training institutions (Lembaga
Pendidikan Tenaga Kependidikan, LPTK).

As one of Indonesiads |l eading LPTKs, Yogyakarta St a
prepare professional pservice teachers. Students at UNY are provided with pedagogically oriented courses
such as Learner Development, Learning Strategies, Theories of Learning and Instruction, Instructional Media,
and Teaching Practice. Nevertheless, preliminary findings suggest that instructional processes in these courses
tend to emphasize theoretical mastery over practical implementation. As a result, when students engage in field
teaching practice, they often rely heavily on theoretical knowledge with limited {oengsedagogical
experience. This indicates a persistent gap between conceptual understanding and practical &pleatbn
the most pressing challenges in teacher education.

In recent decades, there has been growing recognition of deep learning as a promising pedagogical approach
to bridge this gap. Deep learning emphasizes active learner engagement, critical reflection, authentic problem
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solving, and the contextual application of theory. In contrast to surface learning, which focuses on memorization

and rote understanding, deep learning fosters meaningful and contextualized knowledge construction (llleris,

2009; Joyce, Weil, & Calhoun, 2015). Accordingly, integrating a deep learning approach into teacher education

is expected to enhance geer vi ce teachersdéd pedagogi cal compet ence
experiential learning processes.

This study was conducted to explore the actual conditions of courses that support the development of
pedagogical competence among-pegvice teachers at UNY. Data were collected through surveys, interviews,
and curriculum document analyses involving lecturers of relevant courses. Initial findings reveal that while
lecturers show a strong commitment to strengthening pedagogical competence, the implementation of authentic
simulations, reflective practice, and studeahtered learning remains limited. Thus, this study serves as a
crucial prestudy or needs assessment to develop a prototype of a deep lmsd@nginstructional model. The
model is expected to be not only valid and practical but also effective in enhancisgeprevi ce teache
pedagogical readiness.

The urgency of this study lies in its attempt to address the pressing need for an instructional model capable
of bridging the divide between theory and practice. The results are expected to contribute academically to the
development of deep learniagiented instructional theory and provide practical implications for improving the
quality of teacher education in Indonesia, particularly in preparing professional, adaptive, and reflective
educators ready to navigate the complexities of real classroom settings.

Addressing the need for a model that can bridge the thegtice gap in teacher education requires a
strong theoretical foundation. The concept of deep learning should not be understood merely as a technological
paradigm but as a pedagogical approach emphasizing active engagement, critical reflection, and meaningful
learning experiences. llleris (2009) asserts that deep learning is grounded in constructivist perspectives, in which
learners construct knowledge through engagement in authentic situations that require linking abstract concepts
to reatworld practice. This is particularly relevant in teacher education, where pedagogical competence must go
beyond cognitive understanding to include the ability to design, implement, and evaluate real learning processes.

The development of a deep learnibgsed instructional model is grounded in several interconnected
learning theories. The dominance of theoretical and uniform approaches to learning has long been criticized for
failing to capture the true essence of learning and teaching. Educational systems that prioritize uniformity often
suppress individual potential, even though each learner has unique characteristics, learning styles, and readiness
levels (Budiningsih, 2018). This highlights the importance of pedagogical strategies that can accommodate
diversity while promoting active engagement amonggenwice teachers.

Constructivist learning theory provides a fundamental basis for deep learning. Scholars such as Piaget,
Bruner, and Ausubel emphasize that knowledge is constructed through active involvement in assimilating and
accommodating new experiences. Ausubel és concept of
be related to existing cognitive structures to be understood and retained effectively. This principle is highly
relevant to preservice teachers who must connect pedagogical theory to classroom practice. Therefore, deep
learning demands that students move beyond rote memorization toward conceptual understanding and practical
application (Perkins, 1991; Joyce, Weil, & Calhoun, 2015). In addition, humanistic learning theory provides
another key foundation. The humanistic perspective underscores that learning should be humanizing, allowing
learners to explore, express, and realize their full potential (Goble, 1993; Freire, 2007). In teacher education,
lecturers must design challenging yet supportive learning experiences that fosteflesgibn and critical
engagement, enabling students to internalize pedagogical competence through lived experiences rather than
theoretical exposure alone.

Vygotskyds sociocul tur al theory also provides an e
proximal development (ZPD) suggests that effective learning occurs through social interaction and
collaboration, where learners are supported in overcoming challenges slightly beyond their current capabilities
(Moll, 1994). In this sense, deep learning encouragesgmace teachers to engage in dialogue, collaborative
inquiry, and critical reflectiod mechanisms that deepen pedagogical understanding through social mediation.

Furthermore, the instructional model theory proposed by Joyce, Weil, and Calhoun (2015) strengthens this
framework by conceptualizing teaching models as systematic procedures for organizing meaningful learning
experiences. The five essential elements of a mMosghtax, social system, principles of reaction, support
system, and instructional as well as nurturant effectsn be strategically structured to create deep learning
environments through problebased learning (PBL) and projdmased learning (PjBL). However, early
findings reveal that the implementation of these models at UNY remains inconsistent with the prescribed
OutcomeBased Education (OBE) curriculum.

In sum, constructivist, humanistic, and sociocultural theories, along with instructional model theory, provide
a robust foundation for developing a deep learfiaged instructional model. These theoretical perspectives
collectively affrmthatpres er vi ce teachersdé pedagogi cal competence
learning experiences that are deep, reflective, and contextually grounded. Therefore, this study aims to produce
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an instructional model that is valid, practical, and effective in bridging the gap between theoretical mastery and
pedagogical practice among ggervice teachers.

RESEARCH METHOD

This study employed an exploratory qualitative approach. The purpose of this initial phastedgyavas to
explore the actual condition of the learning process at Yogyakarta State University (UNY) that supports the
development of pedagogical competence amonegspger vi ce t eacher s, as well as t
motivation and understanding of relevant course content. This design was chosen to obtain a factual overview as
the foundation for developing a deep learAiraged instructional model in the next stage of the research.

The subjects involved in this study were students from teasdharation programs within UNY who were
preparing for their Praktik Pengalaman Lapangan (PPL) or teaching internship. The sample was selected using a
simple random sampling technique, taking into account representation from various-ézhctegion programs.

In addition to students, the study also involved lecturers who teach pedagogical compettadecourses as
additional respondents to enrich the data. The research was conducted in several faculties of education at UNY
that offer courses supporting pedagogical competence. The data in this study were collected through three main
techniques, namely:

1. Questionnaires used to obtain information about student :
pedagogical courses, and their experiences in attending classes that support the development of
pedagogical competence.

2. Tests designed to measure the |l evel of studentsd und
competence, including understanding of learners, learning theories, instructional strategies, instructional
design and implementation, evaluation, and learner potential development.

3. Focus Group Discussions (FGDs) and intervieseducted with course lecturers and students to obtain
in-depth information regarding the learning strategies used, forms of evaluation, and the extent to which
deep learning@pproaches have been integrated into teaching practices.

The collected data were then analyzed using bgtrantitative and qualitative descriptive

techniques Quantitative data from questionnaires and tests were analyzed using mean and percentage
calculations to describe the emerging tendencies. The results were then converted into a qualitative scale
consisting of five categoriesery good, good, fair, pooandvery poor.Meanwhile, qualitative data from FGDs

and interviews were analyzed through several stages: data reduction, coding, classification, interpretation, and
conclusion drawingSource triangulatiotvas applied to ensure data validity and reliability.

RESULTS

This study found that the curriculum of Yogyakarta State University (UNY) in its teaclmation
programs has included a set of courses explicitly designed to develop the pedagogical competeseevidgore
teachers. Based on data obtained through focus group discussions (FGDs), questionnaires, and curriculum
analysis, these courses include Learner Development, Instructional Strategies, Theories of Learning and
Instruction, Instructional Media, Curriculum Development, Educational Evaluation, Educational Research, and
Teaching Practice. The number of credits (SKS) allocated for these courses varies between 20 and 35 credits,
depending on the study program. This variation indicates differences in emphasis among programs: some
allocate a substantial portion to pedagogical courses, while others balance them more evenly with disciplinary
competencies. Consequently, the depth of pedagogical mastery among studends stiffegsexperience more
intensive pedagogical learning, while others have relatively limited exposure.

Discussions with course lecturers revealed that the most frequently used instructional strategies include
classroom discussions, case studies, and prebtdwing approaches. These models are designed to train
students to identify real problems in schools, analyze them, and propose theoretically grounded solutions. In
practice, such methods have the potential to promote deep learning, as they require active student engagement.
However, the findings indicate that class discussions often focus more on mastering theoretical concepts than on
reflective practice or applied learning. In other words, although these strategies theoretically support deep
|l earning, their i mpl e me nd rait @ rothe dr. &@maT miss | lairgtell iyg hit sur
OutcomeBased Education (OBE) curriculum desigwhich encourages problebrased learning (PBL) and
projectbased learning (PjBI6) and the reality of classroom implementation. In many cases, the full syntactical
stages of PBL or PjBL are not followed. Steps such as problem formulation, data collection, solution evaluation,
and reflection are often missing from the instructional process.
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The evaluation aspect also shows an interesting dynamic. Field data reveal that the forms of assessment used
in pedagogical courses are quite diverse, including daily assignments, class participation, midterm and final
exams, as well as proddoased tasks such as developing instructional media, assessment instruments, and
lesson plans. However, this study found that these assessments are rarely aligned with comprehensive
pedagogical competence indicators. For instance, when students are asked to produce instructional media, the
evaluation focuses more on the technical quality of
understanding of |l earner characteristics, |l earning
Consequently, assessment outcomes highlight technical skills more than integrative pedagogical abilities. As a
result, even though students are able to complete their tasks successfully, their pedagogical competence
development is not well documented. This condition may hinder reflective processes and the reinforcement of
pedagogical expertise, which should be a core component of evaluation in-egwebation institutions.

Field observations also show that most lecturers attempt to integrate contextual approaches into their
teaching; however, the application of innovative strategies such as PBL and PjBL has not been optimal. For
example, in the Instructional Strategies course, students are asked to discuss real cases from schools.
Nevertheless, key stages of RBkuch as problem formulation, data gathering, hypothesis generation, and
evaluation of alternative solutiodhsar e of ten not explicitly i mplemented.
are frequently limited to producing tangible outputs without involving critical reflection or dissemination of
results. In fact, reflection and dissemination are essential elements of deep learning. This inconsistency indicates
that the deep | earning paradigm remains | argely conce
to theoretical knowledge, but opportunities to engage in a complete learning fyaie exploration and
reflection to collaboration and evaluat®memain limited.

The data on students6é understanding of pedagogi cal
indications show that students are aware of the importance of this competence as a key professional
requirement. They recognize that pedagogical mastery is not merely an academic obligation but a prerequisite
for performing their professional duties effectively
relatively high, primarily because they perceive its relevance to teaching practice. However, the depth of
understanding varies: some students perceive pedagogical competence merely as the ability to teach in class,
while others associate it with broader aspects such as understanding learner characteristics, designing fair
assessment s, and facilitating |l earner devel opment .
experiences in developing a comprehensive understanding of pedagogy.

Overall, this preliminary study reveals several key findings. First, structurally, the UNY curriculum provides
substantial space for developing pedagogical competence, with a relatively large allocation of credits. However,
variations among programs result in disparities in competence achievement. Second, instructional strategies
used by lecturers emphasize discussion and problem solving but have not fully represented the practice of PBL
or PjBL in line with OBE standards. Third, evaluation systems tend to focus on product outcomes or content
mastery rather than on the integrative dimensions of
of pedagogical competence remains varied, even though their learning motivation is high. These findings
highlight a gap between curriculum design and instructional practice. In other words, although the teacher
education system at UNY has made significant efforts to strengthen pedagogical competence, actual
implementation is still inconsistent with deep learning principles.

These results form a strong foundation for developing a deep ledrasggl instructional model that is more
valid, practical, and effective. Such a model is expected to bridge the gap between theory and practice, ensuring
that preservice teachers not only master conceptual knowledge but also acquire the applied, reflective, and
collaborative skills required in real educational contexts. The implications of this study can be viewed from two
perspectives. From a theoretical standpoint, the findings reinforce the argument that teacher education requires a
deep learning approach to meaningfully internalize pedagogical competence. Constructivist, humanistic, and
sociocultural theories underlying this approach are proven relevant in the UNY context, as they effectively
address the divide between theoretical learning and practical application. From a practical standpoint, the
findings provide valuable insights for course lecturers to more consistently integrate PBL and PjBL syntaxes
into instruction, strengthen assessment systems that measure integrative pedagogical competence, and create
more reflective learning experiences for students. Furthermore, the findings are also relevant for curriculum
developers in teacheducation institutions, encouraging them to align curricula not only in terms of credit
allocation but also in the quality and authenticity of learning experiences.

DISCUSSION

The findings of this study highlight a clear gap between the tea&thmation curriculum design at
Yogyakarta State University (UN®)which has allocated various courses to strengthen pedagogical
competencé and the actual instructional practices that remain predominantly theoretical. This condition
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demonstrates that, although {@ervice teachers have been exposed to courses sheamer Development,
Instructional Strategies, Theories of Learning and Instruction, Instructional Media, Curriculum Development,
Educational Evaluationand Teaching Practicetheir learning experiences still focus largely on conceptual
understanding rather than on real classroom application. These findings are consistent with the preliminary
study showing that students often enter teaching practicum with strong theoretical knowledge but limited
practical ability.

From the perspective of constructivist theory, this phenomenon can be interpreted as a result of learning
processes that have not fully provided opportunities for students to construct knowledge through active
engagement. Piaget, Bruner, and Ausubel emphasize that meaningful knowledge is formed when learners can
connect new information to their existing cognitive structures. Ausubel specifically underscores the importance
of meaningful learninga condition in which theory is not merely memorized but applied to understand and
solve reaiworld problems. However, the present findings reveal that students tend to produce technical
output® such as instructional media or learning instrum@mégthout undergoing a deep reflective process.
This suggests t hat -ddeaionrcontex still aperatedl ot §eface leanindeeekr and
has not yet achieved genuideep learning

From a humanistic perspective, this situation also reflects certain limitations. Humanistic theorists such as
Maslow and Rogers emphasize that ideal education is one that humanizes the learner, allowing room for self
actualization, creativity, and reflection. Yet, the findings indicate that instructional evaluation at UNY still
focuses mainly on end products and technical outcomes rather than assessing learning processes involving

students6é critical reflection. This condition illust
yet fully facilitated. In I'ine with Freiref6s (2007) v
as passive recipients of knowledge but as active subjects who construct critical consciousness.

Furthermore, when examined through Vygotskyédés socio

of pedagogical competence can be explained through the conceptzointhef proximal developmefZPD).
Vygotsky posits that effective learning occurs when learners are presented with challenges slightly beyond their
current abilities, with scaffolding provided by lecturers or peers. However, the findings suggest that instruction
at UNY still emphasizes theoretical mastery, providing limited opportunities for collaborative learning that
challenges students to operate within their ZPD. Consequently, opportunities to internalize pedagogical
competence through social interaction and scaffolding remain underdeveloped.

The instructional model theory proposed by Joyce, Weil, and Calhoun also provides a valuable framework
for interpreting these findings. Instructional models are conceptual structures that guide systematic steps in
organizing learning experiences. However, field data indicate that the syntactical stages of models such as
problembased learningPBL) andprojectbased learningPjBL) have not been fully implemented. Critical
staged such as problem formulation, data collection, the generation of alternative solutions, reflection, and
disseminatiod are often overlooked. Yet, these stages are essential for ensuring active learner engagement and
knowledge construction. The inconsistency in applying these instructional models shows that classroom
practices have not yet fully aligned with ti@utcomeBased EducatiofOBE) paradigm outlined in the
curriculum.

The findings of this study are consistent with previous research indicating the persistent low levels of
teachersd6 pedagogi cal c omp et e n cTeachernConmpetahoy nTe@8KiGh |, as r
results, which remain below expected standards (Mardhatillah & Surjani, 2023; Kemdikbud, 2017). This
evidence suggests that pedagogical challenges do not merely occur arsengicde teachers but originate
during the preservice stage of teacher education. Similarly, the study by Rahmadonna, Budiningsih, and
Sumiyati found that although lecturers demonstrate strong commitment to strengthening pedagogical
competence, integrating reflective practice and studentered learning remains a major challenge.
International findings also corroborate these conclusions. llleris (2009) emphasizefedbatearningis
essential for developing complex competencies, as it enables learners to connect theory with practice, while
Joyce et al. (2015) highlight the importance of designing instructional models that focus on authentic and
reflective learning experiences.

Drawing on these findings and relevant theoretical perspectives, it can be concluded that the main weakness
i n UNY 0 seducatiom prbgeams lies in the dominancesoiface learningapproaches, which prioritize
theoretical mastery over experiential engagement. This gap prevents students from acquiring sufficient learning
experiences to internalize pedagogical competence through reflection, collaboration, and authentic practice.
Constructivist theory asserts that learners must actively construct understanding; humanistic theory stresses the
importance of affective and reflective dimensions in learning; sociocultural theory highlights the role of social
interaction and mediation in learning processes; and instructional model theory underscores the necessity of
systematic design to ensure student engagement and active participation.

The implications of this discussion are clear. To produce pedagogically competent future teachers, UNY
needs to developdeep learningbased instructional model that effectively integrates constructivist, humanistic,
sociocultural, and instructional design theories into real classroom practices. Such a model must be valid,
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practical, and effective in bridging the gap between theoretical knowledge and practical teaching skills.
Ultimately, this approach will better prepare {3exvice teachers to face the complex realities of the educational
environment and to perform as adaptive, reflective, and professional educators.

CONCLUSION AND RECOMMENDATION

This preliminary study successfully provides a comprehensive overview of the instructional conditions that
support the development of pedagogical competence amorsgpmiee teachers at Yogyakarta State University
(UNY). The analysis shows that, structurally, the curriculum has incorporated relevant courses such as Learner
Development, Instructional Strategies, Theories of Learning and Instruction, Instructional Media, Curriculum
Development, Educational Evaluation, Educational Research, and Teaching Practice, with credit allocations
ranging from 20 to 35 credits in each study program. This finding indicates that the curriculum framework
already facilitates the development of pedagogical competence, although variations in the number of credits
across programs have resulted in differing levels of pedagogical mastery among students.

In terms of instructional strategies, the study found that most lecturers have implemented dibasesion
learning, case studies, and probiealving approaches. However, the application of these strategies still
emphasizes content mastery rather than reflection and authentic practice. The syntactical components of
problembased learning (PBL) and projdzased learning (PjBL), which are integral to the Outc@ased
Education (OBE) paradigm, have not been fully implemented. Thus, while the approaches used have the
potential to promote deep learning, their classroom practices still tend to reinforce a surface learning pattern.

The forms of assessment used in pedagogical courses are diverse, including individual assignments, class
participation, midterm and final examinations, and prefeed products. Nevertheless, the evaluation process
still f ocuses primarily on the technical quality o f
pedagogi cal aspects. As a result, studentsd abiliti:¢
learning theories, and integrate evaluation strategies have not been adequately documented through existing
assessment instruments. Therefore;qm®ice teachers must develop strong pedagogical competence, as such
competence is not merely an academic requirement but a fundamental prerequisite for becoming professional
educators.

Based on these findings, it can be concluded that
foundation for strengthening peer vi c e teachersé pedagogi cal compete
significant gap bet ween curriculum design, instruct

conceptual understanding. This gap highlights the need to develop a deep lbasgdgnstructional model
capable of integrating theory and practice in a more coherent and systematic manner. Such a model should be
valid, practical, and effective in fostering pedagogical competence that is applicable, reflective, and contextually
grounded, thereby preparing gervice teachers to face the complex realities of the educational field.

In light of these conclusions, several key recommendations are proposed. First, lecturers teaching
pedagogical courses are encouraged to implement PBL and PjBL syntaxes more consistently in alignment with
OBE principles, so that students gain authentic learning experiences that promote deep learning. Second, the
course evaluation system should be expanded to assess not only the technical quality of products but also the
integrated components of pedagogical competence, including understanding learner characteristics, engaging in
reflective practice, and applying learning theories. Third, teaetlecation programs should harmonize the
number and weight of credits allocated to pedagogical courses across departments to ensure equitable
opportunities for all students in achieving pedagogical competence. Finally, students should be given more
opportunities to engage in collaborative, reflective, and contextual learning activities to help them develop a
more comprehensive understanding of pedagogy.
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Abstract. Indonesia is a relatively fertile country and has many varieties of plants, including castor plants with
various types, there are Jatropha curcas L, Ricinus communis L, Jatropha gossypiifolia and Jatropha podagrica
Hook. Jatropha seeds in general can be processed into castor oil in a very simple way, which can then be processed
into biodiesel, as one of the environmentally friendly and renewable biofuels, making it possible to replace fossil
fuels whose existence is increasingly depleted. In this study, an attempt has been made to produce jatropha curcas
oil, which is a very potential source of fuel oil to be developed in Indonesia. The physical properties and cyclic
voltammograms of jatropha curcas oil products have been studied using stainless steel electrode.

The cyclic voltammogram of castor oil products was studied using an eDAQ Echem voltammeter, while the
functional groups of components in the products was studied using FTIR. The voltammogram and FTIR spectra data
can be used to study the behavior of the system, in this case Jatropha curcas L oil products, which can then be used
as a basis for product quality control tests, combined with tests on the physical properties of castor oil products.

The studiedhe castoroil product has a clear yellowish to clear yellow color, color degradation frorménieet

product (clear yellowish), clear slightly yellow (product with the soxhlet method) and the most yellow is the oil
product with the pressing method. The aromé & still similar to the aroma of the initial material. The density of

the producis around 0.8208.9338 g/c8. The viscosity of the product is around 10¥4 mPa.s. The yield of the
product is around 41.186.39%. The yield of the product with the soxhlet extraction method is relatively higher than
the pressing method. The cyclic voltammogram of the product using a stainless steel working electrode, a platinum
auxiliary (counter) electrode and an Ag/AgCI reference electrode has a pattern similarntarkie¢castor oil

product, which tends to have a complex pattern due to the active components contained in the product. In general,
the groups contained the products includeC-H, -C=0,-C-O, and-C=C, which characterize the presence of ester
compounds and unsaturated acids.

Kata kunci:Jatropha curcas.|.castor oil produgtcyclic voltanmogram,quality control.

INTRODUCTION

Indonesia is one of the countries that has a diversity of plants, which can grow well in Indonesia, including
grain plants, for example Jatropha curcas L. and Ricinus communis L. plants. The castor oil plants, besides
being used for medicine, can also be processed into oil products, which are renewable energy sources with
relatively higher prices and can be used more widely or processed again into environmentally friendly and
renewable biofuels because it allows the provision of raw materials through plant cultivation (Wurdack,
Hoffmann and Chase, 2005; Swanberg, 2009).

The Jatropha curcas L. plant is a wild plant and is easily found due to its relatively good adaptability
(Henning, 2004). It usually grows in vacant lots, coastal areas, forests, and sometimes on plantations because it
is cultivated. This wild plant has a myriad of benefits and can produce oil that can be processed into fuel or a
substitute for petroleum (Azam, Waris, and Nahar, 2005; G&addiry et al., 2016). Its leaves have many
health benefits as a traditional medicine for both external and internal diseases. Furthermore, the hard seed coat,
which is a waste product, can also be further utilized, for example by making briquettes, a solid fuel.

The plants can grow optimally and fertile if the following conditions are met (Francis, Edinger and Becker,

2005), requiring 3500 mL of water throughout its growth, a temperature of arour8 Q0 throughout
life, and an altitude of 800 meters above sea level. Development will be hampered in hot temperatures,
namely at temperatures of 40 or mor e. Based on its
1979):

Kingdom . Plantae

Subkingdom :  Viridiplantae
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Infrakingdom :  Streptophyta

Division Tracheophyta
Subdivision : Spermatophytina
Class . Magnoliopsida
Subclass : Rosidae

Ordo :  Malpighiales
Family . Euphorbiaceae
Genus . Jatropha
Species . Jatropha curcad..

The plant has the following characteristics and morphological features (Riyadh, 2002: @eiciteao et al,

2014): a root system capable of retaining water and soil, making it resistant to drought and able to function as a
plant to prevent soil erosion. When the seeds germinate s8condary roots (lateral roots) and 1 main root
(taproot) have formed. The roots formed when the plant is propagated by seed form a taproot system that is
longer and penetrates the soil deeper. The stem is cylindrical and secretes sap when injured. The stem acts as a
branching system to support expansion during photosynthesis, is the main form of transport for water, air, and
organic matter as photosynthates and nutrients. The flowers of the Jatropha plant aresipapéde(double
inflorescence or compound flower). The flowers are greeyediow and unisexual. This type of flower is
monoecious, the pistil and stamens are found on the same plant, hasbaped petals and is more than 4 mm

long. The stamens are located at the base and are bright yellow. The style is shorter and green, while the stigma
curves outward and is yellow. There are five purplish petals. Each cluster contains approximately 15 flowers,
with female flowers dominating the inflorescence, which aketdnes more numerous than male flowers. The
female and male flowers are arranged in-lik clusters and grow in the leaf axils or stem tips. The flowers are
unisexual, belonging to the monoecious plant group, although yellgsesn hermaphroditic flowers are
sometimes found (Fuelleman & Burlison, 1943).

The plant is a shrub that can grow to a height-@frheters. Its leaves are three five-lobed, fairly wide,
and round, resembling an egg. The leaves are approximaié&yck long. The leaf veins are palmate, and the
leaves are connected by a petiole with a petiole that is approximatélgh long (Divakara et al., 2010).

The fruit is round and egghaped, with a diameter of approximatekl£ cm. It can reach 2 cm in length
and about 1 cm in width. Generally, the color of the fruit varies with the age of the plant. When young, the fruit
is green. Ripe fruit is brownish to blackish. The fruit has three chambers, each containing a single seed. The
seeds are oval and oblong, blackiBown in color, measuring approximately 2 cm long and 1 cm thick. Each
seed weighs approximately 0.4 to 0.6 grams.

The plant has various benefits, including its leaves, roots, and seeds. The leaves contain many beneficial
compounds for health, including those that help repair liver damage due to its hepatoprotective properties. For
those suffering from jaundice, Jatropha leaves are very beneficial for early healing. The sap from its leaves can
help treat toothaches because they contain phytopharmaceuticals in the form of alkaloids that help relieve
toothaches. The antflammatory compounds in the leaf sap help relieve the pain of mouth ulcers. Jatropha
curcas leaves are also useful in treating rheumatism. The leaves contain the active compound undecylenic acid,
which is useful for treating ringworm. The leaves can relieve constipation and contain antibacterial compounds
that are effective in treating skin wounds, especially wounds that have been contaminated by bacteria. Jatropha
leaves can treat stubborn dandruff on the scalp, stabilize blood sugar levels, can treat inflammation or bruising
on the body, bruises caused by broken capillaries, so that blood is trapped in the skin, because it contain
compounds that have aftiflammatory properties.

The use of the plant as a traditional medicine apparently has side effects that need to be considered
(Barceloux, 2008), namely stomach disorders, digestive disorders, intestinal irritation and nausea. Therefore,
before consuming it for health, it is better to first consult a doctor or the nearest community health center. In
addition to being a traditional medicine, it can be processed into castor oil as a basic ingredient for making
lubricants and biodiesel, a relatively environmentally friendly renewlaibfeel, which is useful as a substitute
for petroleum (Godin and Spensley, 1971; Azam, Waris, and Nahar, 2005; AbouKheira and Atta, 2009; King et
al, 2009; GamakFakhry et al, 2016; Gudeta, 2016). It is known as castor oil, has various benefits.
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Figure 1.Jatropha curcad.. plant
MET HOD

The experiment was conducted in the Chemistry laboratory of the Faculty of Mathematics and Natural
Sciences, Yogyakarta State University (YSU). Cyclic voltammetry analysis was performed using stainless steel
working electrodes due to their good mechanical properties and corrosion resistance (Adawiah et al., 2021).
Sweep rates varied between 50 and 100 mV/s. The resulting voltammograms were related to the concentration
and type of compounds in the oil, supported by FTIR (Fourier Transform Infrared Spectroscopy) analysis, which
provides information on functional groups and changes that occur during the refining and modification
processes (Andarini et al., 2022). The samples studied included market products, press products, and soxhlet
products (Akpan, Jimoh, and Mohammed, 2006). Analysis of the physical properties of the three oil products
included density, viscosity, color, and aroma tests to evaluate their quality, stability, and potential use as
industrial raw materials or alternative energy sources such as biodiesel.

RESULTS AND DISCUSSION

The Jatropha curcas L. oil products, including (a) market product, (b) with the pressing method, and (c) with
the soxhlet extraction method, have almost the same color, namely yellowish (Fig. 2). The market product is
relatively clearer because it has gone through a purification process, namely through filtering and removing
impurities (for example through the adsorption process). If observed closely, it appears that the market product
is clear, with the pressing method being clear yellowish and with the soxhlet extraction method being clear pale
yellow. This shows that the soxhlet extraction method produces a relatively purer product than the pressing
method.

The aroma test, the market product has a distinctive aroma, namely the aroma of its seeds, as does the
product with the pressing method, while the product with the soxhlet extraction method still has a slight aroma
of the solvent, so it needs a further purification process.

The density test shows that the product with the soxhlet extraction method has the lowest relative density,
namely 0.8208 g/cm3, followed by the market product at 0.9179 g/cm3 and the highest relative density is with
the pressing method, namely 0.9338 g/cm3.

Viscosity tests showed that the product using the pressing method had the lowest relative viscosity, at 104
mPa.s, followed by the soxhlet extraction method at 105 mPa.s, and the market product at 114 mPa.s.

Yield tests showed that the soxhlet extraction method was more advantageous because it had a relatively
higher yield, at 46.39%, compared to only 41.15% for the pressing method.

.

(a) (b) o

Figure 2. The Jatropha curdasoil products:(a) markefproduct (b) pressing method dan (c) soxhlet method

The cyclic voltammograms of market Jatropha curcas L. oil and those made by pressing and soxhlet
extraction methods can be seen in Fig. 3, each with scan rate variations of 50 and 100 mV/s, which in general

?
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the greater the scan rate shows an increase in cathodic and anodic peaks. This indicates that the greater the scan
rate, the more reduction and oxidation products are formed.
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Figure 3. Cyclic voltammogram of castor oil products: (a) mavkaduct (b) pressing method and (c) soxhlet method
Based on the FTIR spectrum of the products (Fig. 4), it is known that in the products th€&dar€=0,
and-C-O groups, which can be observed from the FTIR spectrum peaks (Table 2).

Grafik FTIR
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Figure 4. FTIR spectra castor oil products: (a) mgpkeduct (b) pressing method dan (c) soxhlet method

Based on Fig. 4 and Table 2, it shows that a strong absorption band occurs at wavenumb2e2@&52
1. This indicates the presence of stretching vibrations af@#2 andi CH3 groups, which are characteristic of
long aliphatic chains. In the finished product oil, the absorption band appears sharp afefinedl, indicating
an intact aliphatic structure. The absorption band in the oil products from the pressing method and Soxhlet
extraction tends to widen, especially in the oil products from the pgessiethod, which indicates the

?
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possibility of degradation of the aliphatic chain structure due to the influence of heat or pressure during the
process.

The absorption band at wavenumber I744 cml indicates the presence of a carbonyl gro@=0Q)
from the ester group, which is a characteristic of triglyceride compounds in vegetable oils. In the finished
product oil, the absorption band is very strong and sharp, while in the product of the pressing and Soxhlet
extraction methods, the band is slightly wider. This indicates that the ester structure is still present, only having
undergone slight changes in chemical structure due to the pressing or soxhlet extraction process.

The other bands occur at wave numbers 146465 cml1 which indicated CH2- bending vibrations, 1160
1164 cml which indicate Ci O stretching vibrations of the ester group, and 7Z24 cm1 which indicatel
(CH2)ri' the occurrence of rocking groups in long straight chains. The three bands consistently appear in all
samples, this indicates that the basic structure of vegetable oil is maintained, but the intensity and shape of the
bands in the finished product oil have a more stable and pure structure than the product oil from the pressing and
soxhlet extraction methods, because the purification process has not been carried out, so it is likely that the
water content is still relatively high.

The FTIR spectra indicate that all three samples share the same primary component, namely fatty acids in
the form of triglycerides. Differences in band width and intensity indicate quality variations due to different
processing methods. The finished product oil exhibits relatively higher purity, while the pressed product oil
exhibits structural degradation of the triglyceride compounds, likely due to the influence of temperature and
pressure during processing.

Table 2.Interpretation of functional groups of FTIR spectrum of Jatropha curcas L. oil products: (a) market product,
(b) pressing method and (c) soxhlet method

. Oil
Functional
No Wave number (cm?)
group Market Pressing method Soxhlet
product method
1 2852 2926 -CiH Sharp and Widening, slightly Sharp slightly
(stretching, defined shifted widened
asim atau sinif
CHz ataui CHa)
2 17401744 -C=0 Very strong and  Still strong, but Strong,
(stretching, sharp widening slightly
ester, widening
trigliserida)
3 1461 1465 -CiH (bending Clearlyand Seen wide. Seen
TCHai') narrow
4 11601164 -CiO Clearly Slightly decreased Clearly
(stretching, in intensity
ester)
5 721724 i C-H (alkena) Well defined Wide and Still visible
descending
CONCLUSION

Based on the research results, it can be concluded that the soxhlet extraction method is relatively more
advantageous than the pressing method, because it has a relatively higher yield and physical properties that
allow it to be further processed into liquid fuels such as biodiesel. The higher the sweep rate, the higher the
current peak occurs in the Jatropha curcas oil product with the pressing method, while in the soxhlet extraction
method, there is a decrease. This indicates the influence of adsorption kinetics and reaction reversibility on the
cyclic voltammogram. The market product oil has the highest diffusion coefficient value, this indicates that the
diffusion of active compounds to the electrode surface in the market product Jatropha curcas L. oil is relatively
higher than the products with the pressing and soxhlet methods. This indicates that the purification process has
contributed to the stability of the structure and ease of diffusion of active compounds.
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Abstract. Liquid waste is largely generated from industrial activities and can cause various environmental problems.
Among these are dye pollutants such as methylene blue (MB) and rhodamine B (RhB), which are hazardous to living
organisms. Therefore, textile dye wastewater treatment is necessary to meet quality standards. One commonly used
method is photocatalytic degradation due to its simplicity, environmental friendliness, and energy efficiency. ZnO is
a widely used photocatalyst because of its stability and promising properties. However, ZnO has certain drawbacks,
such as a wide band gap energy, which reduces its degradation efficiency. To address this limitation, nitrogen doping
of ZnO (N/ZznO, N = 0, 1, and 2%) was conducted using glycine as a nitrogen source, which is easy to obtain at an
affordable price. The synthesized samples were characterized using XRD, FTNAs DNRS, and SEM, followed

by photocatalytic activity tests. The XRD results show high crystallinity for all the samples, indicated by sharp
diffraction peaks. FTIR analysis revealed the presence bNZronds, suggesting the substitution of oxygen by
nitrogen within the ZnO lattice. U¥is DRS analysis showed a decrease in band gap energy for N = 1% and 2%
samples. SEM analysis revealed irregular particle morphologies with smooth surfaces. Photodegradation tests
demonstrated that N = 1 & 2% samples generally exhibited higher photocatalytic activity compared to N = 0%. The
N/ZnO samples showed higher degradation efficiency for MB compared to RhB. In MB degradation, the N = 2%
sample achieved a higher efficiency than the N = 1%. Meanwhile, for RhB degradation, the efficiencies of N = 1 and
2% samples were relatively similar. These results indicate that doping ZnO with nitrogen sourced from glycine can
enhance its photocatalytic activity.

Keywords Coprecipitation, Methylene Blue, Photocatalyst, Rhodamine B, Zinc Oxide.

INTRODUCTION

Liquid waste is a hazardous material that poses a significant danger to the environment. It is frequently
generated from industrial processes [1]. One most notable sources of liquid waste is the textile industry, which
uses synthetic dyes [2]. These dyes are often discarded in high concentrations and are harmful to both humans
and the environment [3]. In the aquatic environment, rivers, for example, synthetic dye waste can block sunlight
from penetrating the water and cause the death of aquatic organisms, which then leads to foul odors in the water.
Methylene blue (MB) and rhodamine B (RhB) are two of many examples of synthetic dyes that are commonly
discharged into the water as liquid waste. For MB, it is commonly known to cause gastrointestinal irritation,
cyanosis, and irritation to the skin [4]. As for RhB, it is known to cause irritation to the skin, eyes, and stomach;
cause poisoning, disturb heart function, and have carcinogenic properties [5]. Because of this, it is necessary to
have proper liquid waste treatment to eliminate the harmful effects of liquid wastewater on the environment [2].
Various treatment methods have been developed to treat wastewater. For example: adsorption, filtration,
electrolysis [3], electroflotation [2], electrocoagulation, and photocatalytic degradation [6]. Among these
methods, photocatalytic degradation is one of the most prominent due to its simplicity, environmental
friendliness, and potenti al use of solar energy [T7].
Zn O, cds, Fe O , and ZnS [ 8]. Among these, ZnO i's or
because it has a broad light absorption range that makes it suitable to be used under UV irradiation [10].
However, ZnO has its limitations, which include a relatively wide bandgap energy of approximately 3,37 eV.
This makes ZnO require UV light to activate its photocatalytic activity, which constitutes &ty &f the
sunlight that reaches Earthés surface [11]. This dr e
photocatalytic efficiency and make it suitable for operation under solar irradiation.

One common strategy is doping, which introduces foreign atoms such as carbon, sulfur, or nitrogen into the
ZnO lattice [12]. Among these, nitrogen doping is especially promising, as it can effectively reduce the bandgap
and suppress electrdrole recombination. Nitrogedoped ZnO (N/ZnO) is thus considered a promising
photocatalyst for treating dyeontaminated wastewater [7]. Therefore, this research aims to synthedopetl
ZnO to compare the photocatalytic efficiency of undoped and doped ZnO in degrading MB and RhB.
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MATERIALS AND METHODS
Materials

ZnCl -AlISd gimah) ( N4Aldrich), @@cine (Sigmaddrich), NaOH (SigmaAldrich),
Methylene Blue (MB) (Sigmd&ldrich) and Rhodamine B (Sigmaldrich) were employed as received, without
any further purification.
Methods
Synthesis of ZnO and N/ZnO Photocatalyst
In this study, N/ZnO (0, 1, & 2%) was synthesized via thepaoe ci pi t ati on met hod usi

precursor and glycine as the nitrogen source. A pref
and heatedto 6B 0 AC. A 1 M NaOH solution was then added dr c
The precipitate was filtered, dried at room temperat

furnace. The synthesized N/ZnO was characterized using XRD, FTIR/i&§ RS, and SEM.

Preparation of MB and RhB Stock Solutions

MB and RhB stock solutions were prepared by dissolving 0,05 gram of MB or RhB powder in a volumetric
flask with 500 mL of water to create a 100 ppm stock solution. This solution is kept away from direct light and
will be used to make other solutions.

Preparation of MB and RhB Standard Solutions

MB and RhB standard solutions were made by diluting the stock solution in a 10 mL volumetric flask.
Standard solutions were prepared at 1, 2, 3, 4, and 5 ppm. Diluting 0,1 mL of the stock solution in a 10 mL
volumetric flask produces 1 ppm standard solution. Then, for the other standard solutions, dilute 0,2, 0,3, 0,4,
and 0,5 mL of the stock solution into a 10 mL volumetric flask. These standard solutions will be used to find
maximum absorbance and create a standard curve usiggJV

Preparation of MB and RhB Sample Solutions

To make the MB and RhB sample solutions, 50 mL of the stock solution was added to a 500 mL volumetric
flask before diluting it with water. This procedure produces 500 mL of sample solution with a 10 ppm
concentration. It will be used as a wastewater model for MB and RhB.

Preliminary Adsorption Removal and Photocatalytic Activity Test

Photocatalytic degradation tests were performed using the N/ZnO catalyst with MB and RhB dye solutions
as model wastewater. A 0.2 g amount of N/ZnO was added to 150 mL of sample solution in the Erlenmeyer
flask before wrapping it with aluminum foil. The flask was then shaken at 200 rpm for 24 hours. After that, the
flask was exposed to solar irradiation for 200 minutes and shaken at 200 rpm to conduct the photocatalytic
activity test.

Photocatalytic Degradation Efficiency
Degradation efficiency means the percentage amount of MB or RhB that has been degraded during the
photocatalytic activity test. It will be calculated using:

#
b $ primb
% D = Degradation percentage
Co = initial wastewater concentration
C = current wastewater concentration

RESULT AND DISCUSSIONS

X-Ray Diffraction (XRD)

The XRD results are shown in Figure 1. The diffraction patterns are compared to JCPDS card 4., 36
which can be seen to correspond closely. It indicates that the synthesized material has a hexagonal wurtzite
structure. The observed peaks represent hkl planes of (100), (002), (101), (102), (110), (103), (200), (112), and
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(201). Other than that, the peaks for all the samples (N=0, 1, & 2%) have sharp characteristics, which indicate
high crystallinity. This suggests that the nitrogen doping does not affect the crystallite structure within N=1 &
2%. No additional peaks are observed for all the samples, indicating that the crystal lattice is mostly unchanged

after doping. This result is in agreement with Chen
cause the appearance of new diffraction peaks; the d
ZnO [13].

i) (101)

_» (100)
= (002)

T iR
(c) N/ZnO (N= 2%) 4
1 S T O |

(b) N/ZnO (N= 1%)
JJJL

(a) N/ZnO (N= O%M

JCPDS 13-1451
a0 B 0 I N O N

10 20 30 40 50 60 70 80 90

26
Figure 1. The XRD pattern of N/ZnO (N= 0, 1, and 2%) compared to JCP85l3standard
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ﬁ
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Nitrogen doping can cause peak shifts toward higher angles (rightward) due to the substitution of oxygen by
nitrogen. This substitution induces tensile strain, as the ionic radius of nitrogen is larger than that of oxygen.
Conversely, compressive strain would cause the peaks to shift to lower angles (leftward). It is also reported that
at low dopant concentrations, diffraction peaks may not shift significantly, as the amount of dopant is
insufficient to alter the crystal lattice structure [14]. Other than that, nitrogen ions may enter the interior of the
ZnO lattice and replace oxygen ions without causing a significant distortion [15]. In addition to peak position
shifts, the width of the diffraction peaks also provides valuable information regarding the crystallite size of
N/ZnO. An increase in peak broadening typically indicates a reduction in crystallite size due to doping [14],
while sharper peaks are associated with larger crystallites [16]. To analyze the crystallite size further, the
Debyé Scherrer equation is used:

+1]

® AT P
Explanation,
D = crystallite size (nm)
K = Scherrer constant (0,9)
o = wavelength used in XRD (1,5406 A)
b = full width half maximum (FWHM)
d = Bragg angle

The lattice parameters a, b, and c, as well as the unit cell volume, were obtained using Rietica software. The
average crystallite size, lattice parameters, and unit cell volume are summarized in Table 1.

Table. 1 Lattice parameters of N/ZnO (N=0, 1, and 2%)
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a=b c L Cell volume
Sample Average crystallite size (nm
P ) A ge cry ( A9
Zn0O 3.2499(3) 5.2174(4) 29.8905 47.724(7)
N/ZnO N=1% 3.2499(3) 5.2180(5) 29.2170 47.729(7)
N/ZnO N=2% 3.2493(3) 5.2178(4) 30.0375 47.709(7)

As shown in Table 1, the synthesized N/ZnO samples exhibit no significant changes in lattice parameters or
unit cell volume. A structural illustration of ZnO based on the parameters listed in Table 1 is presented in Figure
2, which was generated using VESTA software.

.

Figure 2. lllustration of Zn@btainedusing VESTA

Fourier Transform Infrared (FTIR)
FTIR characterization was performed to identify the presence of Zn, O, and N bonds in the synthesized
N/ZnO. The resulting FTIR spectra are presented in Figure 3.

(c) N/ZnO (N= 2%)

(b) N/ZnO (N= 1%)

3743 cm” ' (a) NIZnO (N= 0%)
! A

Relative Intensity

T * I % T & I * I % I ¥ I
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Figure 3. FTIR spectraf N/ZnO (N= 0, 1and2%)
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(c) N/ZnO (N= 2%)
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Figure 4. Zoom in FTIR spectra NfZnO (N= 0, 1,and2%)

Based on Figure 3, a peak appears arouneb4000 cm 1, whi ch i©astretchingpbeoatiod s t o t
in ZnoO. Peaks observed at 1 6 2 61 0OctHberidingaanddOH 3tet2htng cm 1T a
vibrations, respectively. These peaks likely originate from water molecules adsorbed from the atmosphere onto
the N/ ZnO surface. Additionally, a peak at 2348 cm T
from CO , which may also be adsorbed from the at mosp
is observed around 1382 c¢m T ,iN bohds (Figuredp At 421roifl ithsat e t he
peak representstheZh bond [ 20] . Further more, in the N/ ZnO (1%)
may be attributed to NH bond [18], further supporting the presence of nitrogen in the material.

UV-Vis Diffuse Reflectance (DRS)

The UV-Vis DRS characterization was conducted to investigate changes in the optical properties of N/ZnO
(0%, 1%, and 2%) as a result of nitrogen incorporation. These changes are reflected in the differences in light
absorption between doped and undoped ZnO. Th&/B\DRS spectra are shown in Figure. 5
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Figure 5. U\MVis Diffuse Reflectance Spectra of N/ZnO (N=0, 1, 2%)

Based on Figure 5, a decrease in absorbance around 400 nm is observed for all synthesized N/ZnO samples.
However, a slight redshift is evident in the spectra of N/ZnO with 1% and 2% nitrogen doping in the range of
4001700 nm. This redshift indicates a narrowing of the band gap. Mondal et al. (2023) suggest that nitrogen
doping effectively modifies the optical properties of ZnO. To further analyze the band gap, the Tauc plot
method was applied. Figure 6 shows the corresponding Tauc plot curves. Based on the analysis, the N=0%
sample has a slightly wider bandgap of 3.255 eV while the N=1 & 2% have 3.238 eV. The difference between
them is 0.017 eV, which may be caused by nitrogen doping that successfully narrows the bandgap. This result is
similar to Mondal et al. (2023), who reported that nitrogen doping could reduce the bandgap by introducing a
new electron acceptor level near the valence band. This may happen because the oxygen is substituted by the
nitrogen inside the crystal lattice of ZnO [19].
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Figure 6. Tauc Plot Result of N/ZnO (N= 0,ahd2%)

Preliminary Adsorption and Photocatalytic Activity Result

Photodegradation experiments were conducted under solar irradiation between 10:00 and 13:20. All N/ZnO
(N=0, 1, & 2%) were tested on the same day to maintain consistent sunlight exposure. Before the
photodegradation process, adsorption tests were carried out using a shaker at 200 rpm for 24 hours in the
absence of light. This step was performed to eliminate the effect of physical adsorption from N/ZnO on the
degradation of MB and RhB wastewater models (10 ppm). Other than that, the results of the phizttoegra
experiment are presented in Figures 7 and 8.
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Figure 7. Photodegradation of MB
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Figure 8. Photodegradation of RhB

Adsorption tests, before the photocatalytic degradation tests, result in little to no significant reduction of the
wastewater models. This result suggests that the synthesized N/ZnO samples did not significantly adsorb the dye
molecules. This may happen due to several factors, such as unintentional light exposure during pipetting and
sample preparation before W¥s analysis. Other than that, minor solvent evaporation during centrifugation
could also contribute to the observed variations. Figures 7 & 8trilie the photocatalytic degradation
performance of N/ZnO samples (0%, 1%, and 2% nitrogen doping) under solar irradiation. A continuous
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decrease in dye concentration over the 200 minutes confirms that the synthesized N/ZnO materials are capable
of degrading MB and RhB via photocatalysis under sunlight.

Based on Figures 9 & 10, N/ZnO (N=1 & 2%) exhibits significantly higher degradation efficiency compared
to N=0%. This result indicates that nitrogen doping enhances the photocatalytic activity of ZnO. However, there
is no substantial difference in degradation efficiency between the 1% and 2% doping levels. Table 2 summarizes
the degradation efficiency of all samples (0%, 1%, & 2%) at 150 and 200 minutes for both MB and RhB
wastewater models. The improved photocatalytic activity @foded ZnO is likely due to the introduction of
nitrogen atoms, which promote the formation of additional elethole pairs and create new electron acceptor
levels near the Fermi level. As a result, electron transitions from the valence band to the conduction band
require less energy, effectively narrowing the band gap and enabling absorption eéh@ngy (visible) light
[15].
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Figure 9. MB photodegradation efficiency




The 13™ International Conference on Educational Research and Innovation

1 T

100 - -
I
| |
80 - | I
) ' '
> ' I
c | |
& B0 I I
-8 | I
© ! I
S 40- ! '
(| | |
| I
| I
20 - —e—N/ZnO (N=0%) | |
—e—N/ZnO (N= 1%) | I
—o—N/ZnO (N= 2%) : [
0 I v I * I ¥ I II

0 50 100 150 200
Time (min)

Figure 10. RhB photodegradation efficiency
Scanning Electron Microscope (SEM)

The SEM results for N/ZnO with 0% and 2% nitrogen doping are shown in Figures 11 and 12, at a
magnification of 25,000x. As seen in the figures, the synthesized N/ZnO particles exhibiupifoom size
distribution. Additionally, there is no significant size difference between N=0 & 2%. However, N=0% tends to
form larger clusters compared to N=2% ZnO. This phenomenon may be attributed to the disturbance of crystal
growth caused by nitrogen doping, which results in smaller particle aggregation. Furthémtiond= 0 & 2%
samples appear to have smooth surfaces without visible pores and haweifoon morphologies. From this
result, it suggests that nitrogen doping could slightly influence the crystal growth and morphology of ZnO,
though not drastically.
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Figure 12. SEM of N/ZnO (N= 2%)

CONCLUSIONS

The synthesized N/ZnO photocatalysts exhibit several notable characteristics: high crystallinity and the
retention of the hexagonal wurtzite structure after doping; the successful incorporation of nitrogen into the ZnO
lattice, as evidenced by the presence dfNMnd Zri O bond vibrations; the samples have tumiform sizes,
smooth surfaces without porosity, and irregular shapes; and a slight enhancement in visible light absorption and
a narrowed band gap due to nitrogen doping.
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The N/ZnO samples of N= 1 and 2% demonstrated higher photocatalytic degradation efficiency of MB and
RhB compared to undoped ZnO: At 150 minutes, MB degradation efficiencies were approximately 98.5% for
undoped ZnO and 99.4% for both N= 1% and 2%. At 200 minutes, MB degradation efficiencies further
increased to 99.6% and 99.7% for the N= 1% and 2% samples, respectively; and for RhB, the degradation
efficiency at 150 minutes was 90.0% for N= 0% and 99.5% for both N= 1 & 2%. At 200 minutes, RhB
degradation efficiencies reached 99.5% and 99.6%, respectively, for N= 1 and 2%; sampel with N= 2% exhibit
higher photocatalytic activity than N= 1% at MB degradation, but in cases of N= 1% and 2%, exhibit relatively
the same photocatalytic activity for RhB degradation.
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Abstract. This study aims to map and visualise the intellectual structure and global trends in tax education literature
from 2000 to 2024. This bibliometric study uses data extracted from the Scopus database. Literature searches were
conducted wusing keywords related to o6tax educationdé and
inclusion criteria were analysed using VOSviewer software to perform performance anakgsitharship analysis,

and ceoccurrence analysis to identify the main themes and research clusters. The findings show that the number of
publications on tax education has increased significantly, especially in the last ten years. The United States is
recorded as the most productive contributor with 484 documents as the dominant publication. This study provides a
comprehensive and tp-date bibliometric review, which visually maps the landscape of tax education research.
These results fill a gap in the literature by presenting an objective quantitative analysis of a body of knowledge that
was previously only reviewed narratively. The findings of this study provide a valuable roadmap for academics to
identify collaboration networks, current trends, and potential research gaps. For educators and professional
institutions, these results can be used as a reference in developing relevant curricula in the digital age and in dealing
with the complexities of global tax regulations.

Keywords: Bibliometrics, VOSviewer, Tax Education, Literature Analysis, Scopus, Science Visualisation.

INTRODUCTION

The development of the global taxation system over the past two decades has been marked by increasing
regulatory complexity, crossorder economic integration, and increasingly massive digital transformation.
These changes require individuals and organisations to not only comply administratively, but also have a deep
understanding of the role and function of taxation in sustainable development. In this context, tax education has
emerged as a strategic instrument for improving tax literacy, fostering awareness of obligations, and building a
culture of compliance in sociefg], [2].

Along with the increasing complexity of regulations and the digitalisation of tax administration, the need for
innovation in tax education is becoming more urgent. Research on tax education is not only related to
pedagogical aspects, but also to how tax literacy can improve voluntary compliance, fiscal governance, and
professional skills relevant to industry demari@s Recent phenomena show a shift in research attention
towards practical and pedagogical issues in higher education (the introduction of tax subjeciadoonoting
curricula) and the application of innovative teaching techniques in tax edup8tif®]. On the other hand, the
digital transformation of tax administration opens up new needs: digital tax literacy relevataxteyestems
and administrative information technoloff}.

Although a number of empirical and regional/national policy studies have been conducted, a review of the
literature reveals several important gaps. Most studies are still case studies, evaluative surveys, or pedagogical
research focused on the local context, so that quantitative descriptions, global thematic maps, and scientific
collaboration networks on tax education have not been thoroughly docunij&htgd]. In addition, many
bibliometric analyses in the field of taxation focus on tax evasion, tax avoidance, or tax compliance, while the
domain of tax education has not been the focus of a separate bibliometric study.

LITERATURE REVIEW

Tax education has become a strategic instrument in building voluntary compliance and strengthening fiscal
legitimacy.OECD (2021)emphasises that taxpayer education serves not only to improve understanding of tax
administration, but also to foster fiscal citizenship. Empirical studies show that good tax literacy is associated
with increased compliance and healthier financial managef2gntn this context, tax education in higher
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education and public programmes is considered essential to equip the younger generation with sustainable fiscal
skills.

From a pedagogical perspective, the literature highlights the importance of innovative teaching methods in
tax education.Barieyah Mat Bahari & Ming Ling (2009]5] finds that integrating tax courses into non
accounting programmes can broaden ecabissiplinary fiscal understanding, while demonstrating the
effectiveness of using graphical organisers in improving students' understanding of complex tax ¢®hcepts
This study emphasises that the approach to tax education should not be limited to the transfer of technical
knowledge, but should also involve active learning strategies relevant to practical and professional needs.

Beyond pedagogical aspects, digital tax literacy has begun to receive attention in contemporary research
alongside the transformation of tax administration technology. It has been proven that the implementation of an
information technologybased taxation system in Ethiopia can improve compliance, although it requires digital
literacy readiness from taxpayd@®. However, most studies are still fragmented in their local context, while
comprehensive bibliometric studies on global trends in tax education and digital tax literacy are still limited.
This indicates a research gap that can be bridged through systematic and global literature mapping.

RESEARCH METHOD

This study uses a quantitative bibliometric approach to map the development of tax education literature
globally during the period 200@024. Bibliometric analysis was chosen because it provides a comprehensive
overview of publication trends, author and institutional collaboration, and the thematic evolution of a field of
study[9]. The research data was obtained from Elsevier's Scopus database, which is recognised as one of the
most comprehensive scientific publication indexes for bibliometric analysis. The literature search was conducted
on 24 September 2025 wusing relevant keywords, includ
6tax curricul umbd, in the title, abstract, and keywor
conference paper document types with a publication range from 2000 to 2024.

The analysis process was carried out in several stages. First, the data obtained was exported from Scopus in
CSV format (full record and cited references) for cleaning. This stage included removing duplicate documents,
standardising author names, unifying variations in institution names, and normalising keywords to reduce
terminology redundancjl0]. Second, the cleaned data was analysed using VOSviewer software to visualise the
knowledge networkl1]. The types of analysis used included performance analysis and science mapping.

Performance analysis was conducted to assess the distribution of publications, citations, and major
contributions based on authors, institutions, countries, and publication sources. Meanwhile, science mapping
includes ceauthorship to identify collaboration patterns;@tation to see the intellectual links between authors
and journals, and keyword -@xcurrence to find thematic clusters and current publication t{@odis[12]. All
analysis results are visualised in the form of network maps, which are then interpreted qualitatively to give
meaning to the clusters formed. This approach enables research to not only measure academic productivity, but
also understand the intellectual dynamics and direction of tax education literature development in the digital era.

RESULTS AND DISCUSSION

Results

Bibliometric analysis shows that the number of publications related to tax education and similar topics in the
period 20002024 reached 1,489 documents. Publications increased significantly since 2018, with the highest
peak in 2024 at 134 documents. In the period PR007, research was relatively stable with an average of less
than 30 articles per year, then entered a growth phase since 2008. These findings are in line with the global
phenomenon of increased attention to tax reform, tax literacy, anddtemasingly massive digitisation of the
taxation systenfo].
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Figure 2 Publication of documents per year

Several reputable journals are listed as the main sources of publication. The journals with the highest
contributions are the Journal of Public Economics (31 documents), International Tax and Public Finance (29
documents), Journal of Education Finance (29 documents), Public Finance Review (26 documents), and
Economics of Education Review (25 documents). This confirms that taxation and education issues are widely

discussed in scientific outlets focusing on public policy, public finance, and education
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Figure3 Publication based on source

The most prolific author on this topic is Jacobs, B. with 11 publications, followed by Poutvaara, P. (10
publications), and Del Rey, E., Glomm, G., and Lustig, N. (7 publications each). This distribution indicates the
existence of a core group of authors who consistently research the theme of taxation and education, in
accordance with Lotka's law in bibliometrids3].
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Figure4 Publications by Author

Geographically, the most publications came from the United States (483 documents), followed by the
United Kingdom (119), Germany (110), Australia (76), and China (70). The dominance of developed countries
indicates a research gap between developed and developing countries. This shows that the contribution of

developing countries, including Indonesia, is still relatively low and requires strengthening of research.capacity
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The institutions with the largest contributions were the National Bureau of Economic Research
(NBER) (33 documents), CESifo GmbH (24), and the Australian National University (19). These institutions are
public economic research centres that have had a significant influence on the development of taxation and

education literature
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Gambar 6 Dokumen berdasarkan Afiliasi

Keyword analysis ofco-occurrence network visualisationwith VOSviewer produced four main
clusters:

1. Red Cluster: focused discal policy, economic growth, poverty, inequality, welfanmphasising
the relationship between taxation, welfare distribution, and economic growth.

2. Green Cluster: displays keywords sucHador, income, tax compliancerhich are related to tax
literacy and taxpayer compliance.

3. Blue Cluster: highlightseconomy, development, firm, implicatiomhich are related to public
policy and economic development.

4. Yellow Cluster: highlightstudent, human capital, higher educatievhich are closely related to
the role of individual behaviour in higher education.

The most central keywords as&udy factor, income student andcountry The heatmap visualisation

shows that the main focus of global research is still on the topics of education, taxation, and public

policy.
-
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Figure 7 Network Visualization VOSViewer

Bibliometric analysis using VOSviewer with overlay visualisation shows that the dominant keywords
in tax literature are study, country, income, and student, indicating a research focus -@owntrgsanalysis,
income, and the role of higher education. Keywords such as tax compliance, tax evasion, and knowledge form
important clusters that demonstrate the close relationship between tax literacy and compliance behaviour.
Temporally, earlyresearch themes (2012016) mostly discussed economic developmentesiment, and
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higher education, while the 208018 period began to shift to issues of tax literacy and taxpayer compliance.
This shift reflects the growing global attention to fiscal governance and individual beh@liour
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Discussion

The results of the analysis show that research on tax education and taxation has accelerated significantly
since the 2010s. The surge in publications since 2018 indicates a renewed interest in tax literacy, higher
education, and tax digitalisation. This is in line with findings emphasising that integrating tax literacy into
higher education curricula can increase voluntary taxpayer compliance in the [flBliréTax education,
especially among students, plays an important role in shaping a culture of compliance.

The United States and Western European countries dominate research contributions, in line with general
trends in public economics literature. This dominance is inseparable from the greater research capacity, data
availability, and research funding in developed countries. Therefore, future research directions need to
strengthen regional representation and integrate issues of digitalisation and techaskdjyearning in tax
education.

This gap opens up opportunities for developing countries to strengthen their contributions, especially in the
context of tax literacy and SME complianié&. The four keyword clusters reveal the integration between fiscal,
education, and economic development issues. First, taxes are positioned as an instrument of welfare distribution.
Second, education is seen as a key factor in shaping tax compliance. Third, the interaction between public policy
and the business world is an important focus for promoting economic development. Fourth, higher education
related to taxation is important for improving individual behaviour. The practical implication of these findings is
the need for an integrative strategy between the government, educational institutions, and the business world in
designing tax education that is adaptive to the digita]53r48].

CONCLUSION

This study aims to map the development of research related to tax compliance and entrepreneurship using a
bibliometric approach. The results of the analysis show that publications on this topic have increased
significantly in the last two decades, in line with growing global attention to tax governance, tax avoidance, and
the role of entrepreneurship in sustainable economic development. Leading research centres are found in
developed countries, particularly the United States, the Netherlands, and the United Kingdom, while
contributions from developing countries, including Indonesia, are beginning to show an upward trend.

Thematically, there are four main clusters in the literature: (1) tax compliance and its determining factors, (2)
the influence of entrepreneurship on the tax base, (3) public policy innovation in encouraging compliance and
business growth, and (4) the role of higher educatiorcitation and keyword coccurrence analyses indicate
that the concept of tax education is the most dominant and continuously developing topic. Methodologically,
this bibliometric study emphasises the importance of the science mapping approach in providing a
comprehensive overview of the research landscape.




The 13t International Conference on Educational Research and Innovation

Thus, this study contributes to the literature by providing a global research map that can be used as a
reference for future researchers, especially in the context of Indonesia, which still needs more reputable
international publications related to taxation and entrepreneurship. Theoretically, this study enriches the
understanding of the relationship between tax compliance and entrepreneurship through a bibliometric approach
and reveals research gaps in the context of developing countries.

Practically, the results of this study can be used by policymakers to design regulations that are more
conducive to business tax compliance, while also encouraging a healthy entrepreneurial ecosystem. In addition,
these findings can be used as a basis for universities and research institutions in Indonesia to increase Scopus
indexed publications focusing on taxation and entrepreneurship.

This study has several limitations. First, data was only taken from the Scopus database, so publications from
other sources such as Web of Science or Google Scholar were not included. Second, the analysis was limited to
Englishlanguage publications, so the potential for local research in other languages, including Indonesian, was
not accommodated. Third, the bibliometric approach did not delve into the content or quality of the research
arguments, but only into the structure of the publications.

Based on these limitations, further research is recommended to 1) expand the database by combining Scopus
so that the analysis results are more comprehensive. 2) Integrate bibliometric analysis with a systematic
literature review (SLR) to explore in greater depth the theoretical and methodological contributions of each
publication. 3) Further examine the Indonesian context with a focus on MSME taxation policy, tax
digitalisation, and the role of entrepreneurship in encouraging tax compliance. 4) Encourage international
research collaboration to strengthen Indonesia's position in the global research map related to tax compliance.
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Abstract. Thi s study aims to explain the role of women in Je
participation in the transmission of carving skills, their contribution to the production process, and the challenges

they face in achieving equality and sustainability. The research employed a qualitative descriptive approach using

field observations, interviews, and documentation in several woodcarving centers in Jepara, including Petekeyan,
Mantingan, and Senenan. The results show that women pl a
tradition through informal learning in families and communities. Despite their significant technical skills,-gender

based wage disparities persist, and women often occupy positions considered secondary within the production
structure. The research concludes that the survival of J
active participation in skill transmission and daily production, although social recognition and economic equality

remain issues that require continuous advocacy.

Keywords: Jepara woodcarving, women woodcarvers, existence, carving industry.

INTRODUCTION

Jepara, a regency located on the northern coast of Central Java, Indonesia, has long been recognized as the
heart o f the nationds woodcarving tradition. The ¢
craftsmanship, and social life, making Jepara synonymous with the excellence of Indonesian carving art.
Jeparads carving tradition devel ospatednduktry that contribatésl f ami
significantly to the local economy while maintaining strong ties to cultural heritage.

Historically, the carving profession in Jepara has been dominated by men, as it was considered physically
demanding and requiring technical mastery. However, over time, women began to participate actively in the
carving process, both as helpers within family workshops and as independent artisans. Initially, women were
assigned lighter or supporting tasks, such as sanding, smoothing, and decorating, which were viewed as
extensions of their domestic roles. Nevertheless, as skills and experience grew, many women became proficient
carvers, demonstrating artistic sensitivity and technical precision equal to that of their male counterparts.

Womendés involvement in Jeparab6s woodcarving industr
one hand, it represents economic participation and family contribution; on the other, it symbolizes a form of
cultural continuity and seldctualization. For many women in Jepara, carving is hot merely an occupation but an
inherited tradition that connects them to their comm
preserve traditional motifs, transmit local aesthetics, and sustain the intangible cultural heritage that defines
Jeparads uniqueness.

However, despite these significant contributions, gender inequality remains an ongoing issue. Women
artisans often face disparities in wages and recognition, even when performing work of equal complexity and
guality as men. Their roles are sometimes confined t
of their contribution to the overall creative process. Moreover, the regeneration of young female carvers is
declining, as many younger generations choose to pursue employment in modern industries rather than
traditional crafts.

i
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These realities highlight the i mportance ofd studyin
not only as workers but as cultural transmitters and innovators. Understanding their role in sustaining this
heritage can offer new perspectives on how traditional arts survive amid social transformation and gendered
| abor divisions. This research therefore aims to ana
focusing on their participation in production, their contribution to cultural transmission, the challenges they face,
and the strategies needed to strengthen regeneration and gender equality within the craft sector.

LITERATURE REVIEW

The Jepara woodcarving tradition has been widely r

cul tural heritages. Its devel opment i's not only a 1
manifestation of collective craftsmanship that integrates aesthetic values, local wisdom, and social identity.
Previous studies have shown that women6s involvement

participation was initially limited to supporting roles within fambased workshops.

According to Hayati (1997), the Jepara carving industry evolved significantly from the 1970s to the 1990s,
during which women began contributing to the production process as assistants and finishers. Their participation
expanded the household economy and gradually challenged the gendered division of labor. Hayati observed that
womends persistence and precision became defining ¢
carving products.

Sosan (2015) emphasized the dual role of women in
contributors to the creative economy. Her study identified that many women perform tasks such as sanding,
finishing, and applying polish, which, although often regarded as secondary, are crucial in achieving the final
aesthetic quality demanded by customers. This stage, requiring patience and attention to detail, is closely
associated with the feminine sensibility embedded in

In a more recent study, Saidah (2017) discussed the ongoing crisis of regeneration among young artisans in
Jepara. She found that younger generations, particularly women, are increasingly reluctant to pursue carving as
a livelihood due to perceptions of low wages, unstable income, and the physically demanding nature of the
work. This trend poses a serious threat to the sustai
relies on intergenerational knowledge transfer within families and local communities.

The Kompas.id (2021) feature article on women carvers in Petekeyan village similarly reported that women
play an essential role in maintaining carving traditions within domestic settings. Many of them learn informally
from parents or husbands, continuing the craft despite economic limitations and social undervaluation. Their
perseverance has become the backbone of Jeparabds ca
mechanization intensify.

On a broader theoretical level, Rogers (2010) introduces the concept of gendered craft transmission, which
views women artisans as key agents in maintaining and adapting traditional knowledge within changing socio
economic contexts. This framework aligns with the Je
ensures technical preservation but also fosters creative innovation in design and motif development.

From an international perspective, the UNESCO (2003) Convention for the Safeguarding of the Intangible
Cultural Heritage underscores that traditional craftsmanship is a vital component of intangible heritage,
emphasizing community involvement and intergenerati ol
artisans, educators, and cultural transmitters become indispensable in ensuring that traditional arts remain
dynamic and relevant to modern society.

Collectively, these studies suggest that womends pa
manual labor; it embodies a process of cultural reproduction and innovation. Their involvement bridges the
economic, social, and symbolic dimensions of craftsmanship, positioning women not only as contributors but as
custodians of Jeparab6és enduring artistic identity.

RESEARCH METHOD

Thi s study applied a qualitative descriptive appr
woodcarving industry, focusing on gender relations and the cultural meanings embedded in traditional
craftsmanship. The research was conducted from March to August 2024 across key carving &illages
Petekeyan, Mantingan, Senenan, and Mulyoh@&rjenown for their active artisan communities.

Data Collection and Analysis
Data were obtained through field observationsjépth interviews, and documentation.
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|4
Five informants participated, including female woodcarvers, senior male artisans, workshop owners, and
communi ty figures. The key i nformant, Rumini , Chair
provided deep insights into womends | abor experiences
The data were analyzed thematically, f ocukasedg on (.

challenges, and (3) their contribution to cultural transmission. Triangulation among observation, interview, and
documentation enhanced validity.

Ethical Considerations
All participants gave informed consent, and their anonymity and perspectives were respected. Collaboration
with Paguyuban Pengukir Wanita fAKartinio facilitated

RESULTS AND DISCUSSION

Womendés Participation in the Jepara Carving Industry
Field observations revealed that womendés participat
levels of productiond from initial design sketches to finishing and quality control. While carving has
traditionally been perceived as a masculine occupation requiring physical strength, many women have
successfully mastered the techniques of shallow carving, floral ornamentation, and surface detailing, which are
essenti al in maintaining the aesthetic harmony of Je
follows a gendebased pattern: men typically handle heavy reliefs, deep carvings, or structural components,
while women focus on lighter decorative motifs.

Figure 1. Light decorative motifs

This distribution is not purely based on skill but also serves as a strategy to increase productivity. When
women work on detailed finishing tasks, men can concentrate on complex reliefs, enabling faster production
turnover. Despite this efficiency, womends work often

Figure 2.Female woodcarvers are working on a floral motif in a Jepara workshop
(Antaranewbs documentation, 2025).
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I n Jeparab6s carving villages such as Petekeyan and
their families. Mothers teach their daughters to draw and carve floral motifs, which are then refined through
daily practice. This process of informal and intergenerational learning ensures the continuity of carving
traditions and transmits local aesthetic sensibilities embedded in motifs such -asnlyengy, daun jumbai, and
wuni.

The Case of Rumini: Resistance Against Gender Wage Disparity

Interviews with Rumini, a senior female woodcarver who has received recognition from the Jepara local
government for her contributions to preserving traditional craftsmanship, produced a particularly illuminating
case. Rumini speaks for all women artisans when she advocates for equitable pay and recognition as the
chairperson of Paguyuban Pengukir Wanita "Kartini."

- il
Figure 3. Rumini, a female woodcarver with skills equivalent to those of her male counterparts
(Authordés documentation, 2025).

Despite her mastery in both relief carving and fine decorative work, Rumini experienceslogsetbiwage
discrimination. For the same carving assignment, male artisans typically receive Rp 150,000 per day, whereas

women are paid only Rp 90, 000. Rumi ni once refused t
work and results are the same, why should | be paid less? | would rather stay home and take care of my family
than work hard but be undervalued. o (Rumini, 2024).

Her refusal serves as a symbolic act of resistance against systemic gender inequality. Through her
leadership, Rumini encourages other women carvers to assert their professional worth, fostering a spirit of

solidarity and empower ment within the community. Rum
craft industry, where traditional gender norms still influence wage systems and job hierarchies. However, it also
highlights womends growing awareness of their rights
industries.

Women as Finishers and Quality Controllers

Observation data and interviews in several workshops indicate that women are often positioned in finishing
roles, including smoothing. Although finishing work is frequently considered secondary, it is in fact decisive in
determining the productds aesthetic appeal and comme
t hat female finishers bring a distinct refinement t o
finishing is done by women, the surface looks softer and the patterns moredalivéh at 6 s what buy
appreciate. 0

This phase requires patience, meticulousness, and sensdivityaits often associated with feminine
craftsmanship. In this way, women contribute not only to the physical creation of products but also to the artistic
identity that defines Jeparads gl obal reputation.

Regeneration and the Transmission of Skills

Five informants, including community leaders, youth representatives, and artisans, were interviewed. The
results showed that young women's interest in carving as a career was on the decline. Only two of the artisans in
one workshop were younger than 25, and the majority were over 40. Young women typically look for jobs in
factories or online companies that offer more modern working conditions and a more steady income.
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Nonetheless, carving is still a family custom in Petekeyan village. Older women still teach their daughters
and daughters-law the fundamentals of finishing, chiseling, and sketching. Even as labor preferences change
due to contemporary economic pressures, these informal learning processes are crucial to preserving Jepara's
cultural identity. Supporting regeneration has also been greatly aided by the presence of Paguyuban Pengukir
Wanita "Kartini." Local exhibitions are organized by the group, and peer,

Nonetheless, carving is still a family custom in Petekeyan village. Older women still teach their daughters
and daughterm-law the fundamentals of finishing, chiseling, and sketching. Even as labor preferences change
due to contemporary economic pressures, these informal learning processes are crucial to preserving Jepara's
cultural identity. Supporting regeneration has also been greatly aided by the presence of Paguyuban Pengukir
Wanita "Kartini." In order to inspire younger women to value carving as a career as well as a means of self
expression and heritage preservation, the group hosts community workshops, peer learning sessions, and local
exhibitions.

Motifs and the Aesthetic Contribution of Women

Women most frequently carve floral and realistic motifs, which stand for continuity, growth, and fertility.
Daun jumbai (leaf garlands), wuni (clustered fruits), andHumgan (tendrils) are typical patterns. The artisans'
aesthetic sensibility and emotional expression are reflected in these motifs, which highlight curved lines,
rhythmic balance, and delicate proportions.

By adding softer lines and wddlalanced compositions that appeal to both domestic and foreign markets,
women's contributions to the refinement of these motifs have enhanced Jepara's visual lexicon. Their work
shows how women's creative agency continuously reshapes the aesthetic quality of Jepara's carving tradition,
rather than just passing it down through the generations.

Tabl e 1. Characteristics and Rol es of Femal e Woodca
Aspect Description
Originated from womends desire to
Background of Involvement motivated by economic needs and salfualization within a maldominated craft

environment.

Women generally perform light and shallow carving tasks such as decorative
Type of Work (iserrisen) and ornamental details, while men handle deeper, heavier reliefs ¢
structural elements.

Dominated by floral pattern® leaves, flowerslung-lungan and vine motif$

Motifs Commonly Carved characterized by soft, rhythmic, and detailed lines.

1informal division of labor exists: men undertake heavy and complex tasks, v

vision of Labor in Production women handle fine and light details, increasing overall production efficiency.

(perienced female carvers possess technical abilities equal to men, capable ¢

schnical Skills executing both relief and shallow carvings with high precision.

Women play a vital role in preserving traditional carving knowledge throu

Social and Cultural Role . X . -
informal family and communitpased learning.

Womends participation represents
Meaning and Contribution empower ment and cul tur al preservat
woodcarving.

Challenges and Strategies for Sustainability
The main challenges identified in this study include:
1 Persistent wage disparities between male and female artisans,
9 Limited access for women to professional carving training,
1 The double burden of balancing domestic and professional responsibilities, and
1 Regeneration decline, as fewer young women enter the craft industry.

To address these challenges, several strategies are recommended:

1 Communitybased training programs that integrate gender equality principles and skill upgrading.

T Coll aborative exhibitions and product branding
visibility and market value.
Governmenssupported incentives and fair wage policies to ensure economic justice.
Inclusion of woodcarving in local education curricula, especially for girls, to foster early
appreciation and learning.

These efforts can strengthen the role of women as both economic actors and cultural transmitters, ensuring

that Jeparads carving tradition continues to thrive a

f
f
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CONCLUSION

The cultural and economic vitality of Jepara's woodcarving tradition is maintained in large part by women,
who are frequently overlooked. They participate in many phases of the production process, from shallow
carving and motif design to finishing and quality assurance. Even though their contributions have been crucial to
the improvement and unique style of Jepara's products, ongoing gender indqpaitttgularly with regard to
compensation and recognitidrcontinues to restrict their ability to advance in the craft sector.

The survival of this custom is seriously threatened by the drop in young women's interest in carving. The
intergenerational transmission of skills is one of the most important aspects of Jepara's carving heritage that
could be lost without adequate regeneration. The sector must advance gender equality, improve training
opportunities for women, and foster greater acknowledgment of their cultural and creative contributions if it
hopes to remain sustainable.

Finally, women are more than just participants in the Jepara woodcarving industry; they are stewards of
tradition, innovators of form, and carriers of cultural memory whose work links Jepara's artistic past with its
creative future..
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Abstract. This study aims to analyze the revitalization of local wisdom in cultural villages to preserve local culture

in the Brosot Village area, Galur Subdistrict, Kulon Progo Regency, Yogyakarta Special Region. This research was
conducted because Brosot Village was one of 32 villages designated as Cultural Villages by the Yogyakarta Special
Region government in 1995 due to its cultural potential that must be preserved. This study used a naturalistic
qualitative. This study used a purposeful sampling technique. Data collection was conducted using three techniques:
observation, interviews, and documentation, followed by triangulation to validate the data. This research data
analysis employed the Miles and Huberman interactive model. The results of this study indicate that the Brosot
Cultural Village Institution has programs to preserve three aspects of culture: 1) Customs and Traditions. The
Cultural Village has a Merti Dusun and Merti Desa program, held annually with a series of activities involving the
entire village community. 2) Arts: To preserve local arts such as Reog, Angguk, Ketoprak, Sendratari (Sendratari),
and so on. The Brosot Cultural Village Institution has a cultural parade program participated in by each hamlet. In
addition, these arts are performed at potential exhibitions, performances at YIA airport, and the Seloso Wagen event.
3) Crafts: Brosot's arts include batik, knitting, coconut fiber processing, plastic waste processing, and local culinary
delights such as geblek (rice cake), tempe benguk, chips, and buntil. The preservation program includes holding
exhibitions and writing articles for publication in the Cultural Village bulletin.

INTRODUCTION

On each island in Indonesia, communities develop their own cultures according to their environmental
conditions, resulting in a diversity of ethnicities, cultures, beliefs, customs, histories, and so on. This diversity
can be both a strength and a weakness of the Indonesian state. If the community can respond to cultural diversity
well, it will form a strong nation. However, if the community ignores it, this will threaten the nation. As good
citizens, we should share responsibility for preserving the natauiture. Article 32 paragraph 1 of the 1945
Constitution states, "The state advances Indonesian national culture among world civilizations by guaranteeing
the freedom of the community to maintain and develop its cultural values." This means that the preservation of
national culture is a continuous responsibility of the community and the state. This collaboration between
citizens and the state is expected to strengthen efforts to preserve Indonesian national culture, which refers to
local cultural valuesn Indonesia. Every citizen has the right to uphold their culture. The younger generation, as
future cultural custodians, is required to possess the ability to preserve Indonesia's cultural divEhsgtyis
because the younger generation is the successor to a nation. They are the ones who will carry on the cultures
inherited from their ancestors. As cultural custodians, they will undoubtedly face significant challenges. In
reality, the actualization of local culture within society has not been going well. The easy access of foreign
cultures into society has led to local communities neglecting the vahgeslements of local culture that stem
from their own local wisdom. This is because the youmgereration is the future of a nation. They will be the
ones to carry on the cultural heritage inherited from our ancestors. As cultural custodians, they will undoubtedly
face significant challenges. The actualization of local culture within society has not been going well. The easy
access of foreign cultures to society has led to local communities neglecting thearaluglements of local
culture rooted in their own local wisdom. For example, the phenomenonRidpKis more popular among
teenagers thalocal dances. Furthermore, traditional games are losing popularity to digital games like Mobile
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Legends, COC, Free Fire, and others. Even local wisdom validsas mutual cooperation (gotong royong),
tepa slira (community service), and hospitality are fading due to a society's individualistic tendencies. As a
result, many local cultures are fading and decdin¢et, many large and advanced nations seek identity by
exploring their local culture. Yet, Indonesia, with its thousands of cultural assets, sometimes neglects the
existence of this invaluable culture

Brosot Village is located in the southeastern part of Kulon Progo Regency. More precisely, it is located in
Galur District, Kulon Progo Regency, Special Region of Yogyakarta. The designation of Brosot Village as a
Cultural Village by the Governor of the Special Region of Yogyakarta through Decree Number 325/KPTS/1995,
concerning the Establishment of Cultural Development Villages, makes Brosot Village one of 32 cultural
villages, playing an important role in the process of fostering the village's cultural pogeritiaé Cultural
Village Institution for Brosot Village is a vehicle for fostering, developing, and preserving all existing cultural
potential, so that it is hoped that a harmonious social order will be realized that is willing and able to appreciate
the cultural valueshat grow and develop in Brosot Village This is a responsibility for Brosot Village, both
residents and the government to continue to maintain its culture. Along the way, of course, the implementation
of the Cultural Village policy, especially in Brosot Village, faces various obstacles. Among them are human
resources, infrastructure, and institutions. The lack of human resources in managing the cultural village
institutions in Brosot Village will also have an impact on the lack of preservation of local culture itself. In
addition, the regeneration of cultural actors and general knowledge about the culture in Brosot Village is very
necessa#. In fact, there are many cultures that must be preserved in Brosot Village. In the field of arts, Brosot
has the performing arts of reog, gejog lesung, jathilan, and angguk with their traditional ceremonies namely
merti dusun, sedekah progo, genduren, and so on. Brosot Village also has a cultural heritage of the former Dutch
office and folklore that must be preserved. Based on the background of the problem that has been described
above, we will conduct a study with the title "REVITALIZATION OF LOCAL WISDOM TO IMPROVE THE
WELFARE OF THE BROSOT GALUR KULON PROGO COMMUNITY". The purpose of this study is to find
a form or pattern of revitalization of Local Wisdom to improve the welfare of the Brosot Galur community,
Kulon Progo.

LITERATURE REVIEW

Revitalization theory refers to various approaches to restoring, renewing, and improving specific areas or
aspects, whether from an economic, social, cultural, or environmental perspective. Economic revitalization
focuses on the economic recovery of a previously underdeveloped or neglected area. This approach aims to
revitalize the industrial sector, increase employment opportunities, and attract invBstoeid! revitalization
emphasizes the role of the community in the revitalization process. This involves empowering communities
through increased access to social, educational, and health services, and community participation in
revitalization planning. Revitalization based on sustainable development principles prioritizes the integration
of social, economic, and environmental aspects to ensure that renewal does not undermine the sustainability of
natural resources and the letegm quality of lif& . A cultural heritage approach to revitalization prioritizes the
preservation of cultural heritage as an integral part of revitalization. This can take the form of restoring historic
buildings or implementing cultural activities that support local iderftity

In the Regulation of the Governor of the Special Region of Yogyakarta Number 36 of 2014, it is explained
that Cultural Villages/Suldistricts are villages or sutlistricts that actualize, develop, and conserve the richness
of their cultural potential that is evident in customs and traditions, arts, traditional games, language, literature,
script, crafts, culinary, traditional medicine, spatial planning, and cultural heritage. In the Governor's decision, it
is also explained that Cultural Villages are defined as villages and regions that grow and develop all creative arts
and cultural activities supported by cultural officials and community awareness to promote cultural awareness.
Then, the Ministry of Education and Culture also explains, Cultural Villages are a vehicle for a group of people
who carry out cultural activities that express belief systems, art systems, livelihood systems, technology
systems, communication systems, social systems and environmental systems, spatial planning, and architecture
by actualizing the richness of potential and conserving it in a comprehensive manner for the cultural wealth they
have, especially those that are evident in traditional customs, performing arts, crafts, spatial planning and
architecture8. According to the definitions above, a Cultural Village is an institution that encompasses a group
of people living in an area who uphold the existing local culture, supported by synergy between the government
and the local community.

According to Regulation of the Governor of the Special Region of Yogyakarta Number 36 of 2014, the
purpose of establishing a Cultural Village/dibtrict is to support cultural development in order to achieve the
following:
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a. To foster cultural valuethat strengthen the nation's character, strengtherestlém, and strengthen
unity;

b. To foster the community's ability to absorb and absorb positive cultural values;

c. To instill discipline, patriotism, and national pride to encourage the ability to develop independently and
strengthen national resilience.

The establishment of a Cultural Village is also intended as an effort to accommodate those at the village
level. This is done to strengthen the presence of regional culture and to increase public appreciation of culture.
Given that Indonesia is an archipelagic nation with abundant cultural riches, the establishment of Cultural
Villages is intended to facilitate the government's efforts to preserve local culture, especially in remote areas.
The existence of Cultural Villages is also expected to explore and promote traditions and customs that are not
widely known to the wider community in other regions. This allows the community to collectively participate in
preserving and maintaining Indonesian culture.

Local wisdom refers to knowledge, values, or policies passed down from generation to generation within a
community and related to how they manage the environment, social life, or culture. Local wisdom can take the
form of traditions, social rules, or ways of life that have proven effective and relevant to the local conditions of a
community. For example, in indigenous communities in Indonesia, there are many traditions related to nature
management and community life that embody sustainable Balues

Characteristics of Local Wisdom: 1) Traditional and Hereditary. Local wisdom usually develops and is
learned over a long period of time. This knowledge is passed down from generation to generation in the form of
stories, customs, and rituals. 2) Related to Nature and the Environment. Much local wisdom focuses on the
management of nature and natural resources, such as irrigation systems, farming patterns, or the use of
medicinal plants that have been proven to maintain environmental sustainability. 3) Functions to Maintain
Social Life and Community Harmony. Local wisdom also plays a role in maintaining social relations within the
community. Customary rules and traditions are often used to maintain peace, harmony, and social welfare. 4)
Based on Experience and Observation of Nature. Local wisdom usually arises from the community's direct
experience of the surrounding nature and how they manage the environment to maintain sustainability. 5)
Sustainability Oriented. Local wisdom often focuses on sustainability, both in social, cultural, and
environmental terms. This is seen in how communities use natural resources wisely so as not to damage or
deplete thera.

RESEACH METHOD

The research used was naturalistic qualitative research. Qualitative research is a research method used to
examine natural objects, where the researcher serves as the key instrument. Data collection techniques are
triangulated (combined), data analysis is inductive, and qualitative research results emphasize meaning over
generalization. Qualitative research is also called naturalistic because the collected data is qualitative rather than
guantitative, as it does not use measuring instruments. Furthermore, it is called naturalistic because the research
field situation is natural or natural as it is, without manipulation, controlled by experiments or tests. This study
used a naturalistic qualitative method because it examines the natural and natural field conditions regarding the
implementation of the Cultural Village policy in an effort to preserve local culture in Brosot Village. The results
will then be presented as a descriptive narrative history. This research was conducted in Brosot Village, Galur
District, Kulon Progo Regency, Yogyakarta Special Region.

The research subjects were the Brosot Village community, the Brosot Village Government, in this case the
Head of the Brosot Cultural Village, the Cultural Village Facilitator, and cultural actors in Brosot Village. These
parties are part of the Cultural Village and are, of course, involved in the preservation of local culture. The
selection of the Cultural Village Head, Cultural Village Facilitators, and Cultural Actors was carried out to
determine the implementation of Cultural Village policies on local cultural preservation using a purposeful
sampling technique. Purposeful sampling is a sampling technique that considers parties with knowledge and
direct involvement, thus determining the implementation of Cultural Village policies on local cultural
preservation in Brosot Village. Data collection techniques includedepth interviews, observation, and
documentation.

The data analysis technique used in this study employed the interactive model of Miles and Hubberman.
Miles and Hubberman's data analysis model suggests that qualitative data analysis activities are conducted
interactively and continuously until complete, thus achieving data saturation. Several activities are carried out in
data analysis, namely: data reduction, data display, and conclusion drawing/verification. These steps are
outlined as follows:

1. Data Collection

In qualitative research, data is collected through observation, interviews, and documentation. This data
collection can take days or even months, resulting in a significant amount of data. In this case, the researcher
will collect data from what has been seen and heard, thus obtaining a wealth of data in Brosot Village.
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2. Data Reduction

Data reduction involves summarizing, selecting the main points, focusing on important points, and
identifying themes and patterns. This reduced data will provide a clearer picture and facilitate further data
collection and further research, if necessary. In this study, data reduction was carried out by focusing on data
related to the implementation of the Cultural Village policy. Data collected through observation, interviews, and
documentation were grouped and categorized.

3. Data Display

Data presentation facilitates understanding of the research results. The data presentation in this study
consists of narrative descriptions of the implementation of the Cultural Village policy in preserving local culture
in Brosot Village.

4. Conclusion Drawing/Verification

Conclusions in this study were drawn based on field data and valid sources. The final conclusion drawn from
this study is a description of the new findings that can support the answer.

The following are the components of the Miles and Hubberman interactive data analysis model.

Penarikan
Kesimpulan

Pengumpulan
data

Reduksi Penyajian

Data /\Data

Figure 9. Model Miles and Huberman (2018)

RESULT AND DISCUSSION

Based on Decree (SK) of the Governor of the Special Region of Yogyakarta No. 454/Kep/2023, Brosot
Village remains a Cultural Village, and this decree is valid for five years from the date of its issuance. A
Cultural Village is an institution established by the Yogyakarta Special Region Government under the Village or
Subdistrict Government. This Cultural Village institution was established to preserve local culture and
potential, especially in village areas. The Cultural Village is expected to create a harmonious society capable of
appreciating and upholding existing cultural valwewsl structures. The Brosot Cultural Village institution
originated from a Cultural Development Village training program in Sindumartani, Sleman, Yogyakarta, along
with 32 other villages in the region. Brosot Village was chosen because of its history as the capital of Karang
Kemuning Regency, now known as Kulon Progo Regency.

Customs and traditions are also influenced by location. Brosot Village is located west of the Progo River.
Therefore, a tradition is practiced, namely the Sedekah Progo tradition. A respondent named Mr. S stated:

"Brosot Village itself is located near the Progo River. There's also a hamlet, Kutan Hamlet, located on the

riverbank. The residents depend on the river for their livelihood, so they hold the Progo alms tradition. The

activity involves holding a feast, a celebration, asking for blessings and prayers from God, and then floating
some uborampe (a kind of ritual offering) into the Progo River. This is usually held annually, though I'm not
sure when it will be held."
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Figure 2. Progo Alms Ceremony

Preserving and sustaining these customs and traditions requires collaboration between the government

and the community. The Brosot Village Government, through the Brosot Cultural Village Institution, has

several preservation programs, as explained by Mr. S:
iThe first is the Mert:i Dusun program. Al haml e
respective hamlet potential. This activity usually begins with women working together to cook food for a
feast. During this feast, residents pray to God Almighty for the safety of their hamlet. After the feast,
they parade around the hamlet. It concludes with an arts performance. The second is the Merti Desa
program. The activities are almost identical to the Merti Dusun program, but the entire village, usually
with representatives, participates. A mountain of food is paraded from the village hall to the Brosot
monument . 0

Figure 3: Jathilan Klampok during the Merti Dusun event

The explanation explains that to preserve cultural potential in the aspects of customs and traditions, the
Brosot Cultural Village Institution has two programs: the Merti Dusun program and the Merti Desa program.
These programs are being implemented well and are held annually. In the Merti Dusun program, each hamlet is
required to hold activities that include social and artistic activities funded by special funds. The next activity is
the Merti Desa activity, a manifestation of gratitude from the residents to God Almighty for the abundant
blessings, such as abundant harvests, and a series of prayers for the safety of the village. Residents gather in a
village hall to pray together, then parade a mountain of agricultural produce from the village office to the Brosot
monument. The mountain is then contested for by residents. This is emphasized by Mr. ER's explanation:
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"As part of the village government's efforts, we have implemented several programs to preserve these
traditions, including the Merti Dusun program. In this program, we invite 10 hamlets to hold activities to
showcase the potential of their respective hamlets. We also support this activity by providing capital in the form
of funds from the special funds allocated to each hamlet. After the Merti Dusun series concludes, the highlight
of the event is the Merti Desa and the cultural parade.”

Art is an expressive human behavior that produces works of beauty to satisfy one's desire for beauty or
aesthetic value, both in performances and-periormances. As a Cultural Village, Brosot naturally boasts
various art forms. The most famous art form in Brosot is the Reog Dance. Mrs. R explained this as follows:

"Brosot Village has long been famous for its reog wayang (wayang) performance. It has been preserved
since the time of our ancestors (in ancient times). Some of the performers are still alive and passed down to their
descendants. Reog itself is usually performed by the village, and is performed around the village, known as
mbarang."

Figure 4. Reog Wayang Mrs. R also explained

"The artistic potential of Brosot Village is reog, its mainstay. Then there's classic angguk, sweet angguk, and
trengginas angguk, then there's sendratari, ketoprak, and kad@wiiame or less. Most of the performers are
from Brosot, but unfortunately, the number of performers is limited. If there aren't enough, we recruit
performers from other villages."

According to Mr. S and DS, reog has been a favorite since ancient times. The community supports reog;
some enjoy performing, others enjoy watching, making it a legendary form of community entertainment to this
day. Besides reog, there are also other arts, such as angguk. It's worth noting that angguk is a traditional dance
from Kulon Progo Regency. In addition to dance, Brosot also incorporates collaborations wjtlayaig. Mr.

ER explained:

"Brosot also frequently presents dance dramas that tell legends or folktales from the village. For example,
the legend of the origins of the village. We recently performed the Adikarta dance drama. We also sometimes
present wayang stories in the form of dance drama performances.”

oana B8
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Figure 5: Adikarta Dance Drama, Brosot Village

“Navigating the Human-Al Collaboration in Education: Challenges and Opportunities”
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To preserve these programs, the Brosot Cultural Village Institution has several programs, as explained by
Mrs. R:

"The Cultural Village program to preserve these arts includes the Gelar Potensi (Potential Exhibition), which
is actually organized by the Central Cultural Village Government, and we participate. Then there's the Selasa
Wagen (Tuesday Wagen) program, which we also participate in, which is also organized by the central
government. There's also a cultural parade program organized by us for the 10 hamlets in Brosot to participate
in. They must showcase their potential through performing arts. The parade circles the village area for viewing
by the entire community, especially the residents themselves. This activity used to be held annually but was
suspended due to COVADO. There are also regular gamelan (karawitan) practice sessions on the second floor
of the village hall."
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Picture of the Research Team with Respondents

Picture of the Research Team with Respondents
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Picture of the Research Team with Respondents

CONCLUSION

1. To preserve the various traditional and cultural potentials, the government has implemented the Merti
Dusun and Merti Desa programs, which are held around September. In the morning, residents work together to
perform a reawangan (a traditional ceremony) and kenduri (a feast), followed by a parade around the hamlet.
This is followed by a local arts performance from that hamlet. After the Merti Dusun (a traditional ceremony) is
completed, the Merti Desa (village) event is held. The community prays together and then parades the gunungan
(mountain) from the village hall around Brosot village, dressed in traditional Javanese attire. This is followed by
a cultural parade, where each hamlet in Brosot Village showcases its regional potential through dances or
engaging performances. This event is supported by special funds and usually receives voluntary donations from
residents.

2. The Brosot Cultural Village Institution has several preservation programs to facilitate residents with
artistic talents, including the Cultural Parade, Potential Exhibition, Tuesday Wagen, and Airport Performance.
The cultural parade is held annually and is attended by participants from all 10 hamlets in Brosot Village. This
activity was held in conjunction with the Merti Dusun event.
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3. The Village Cultural Institution also participates in cultural exhibitions to promote village crafts and
potential. For example, during the Tuesday Wagen (Tuesday Wagen), Cultural Parade, and Potential Exhibition,
Brosot Village had a dedicated booth to display local products.
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Abstract. Muscle strength and endurance are important components for athletes. To improve muscle strength and
endurance in athletes, weight training can be used. This study aims to determine the effect of weight training therapy
on increasing muscle strength and endurance in athletes. This type of research usesxpepirasntal approach

with a One Group PreteBosttest Design. Data collection techniques use tests and measurement of exercise results.
The population in this study amounted to 150 people with a sample of 20 people based on certain criteria. The results
showed a significant effect on the average increase in muscle strength of 34.6 with a significance value of 0.001 and
an increase in muscle endurance of 10.2 with a significance value of 0.000. Thus, it can be concluded that there is an
effect of weight training therapy on increasing muscle strength and endurance in athletes.

INTRODUCTION

Currently, sports are experiencing rapid development and attracting a growing number of enthusiasts. Sport
is a physical activity involving specific techniques, incorporating elements of play, enjoyment, and satisfaction,
designed to improve performance and allow for activities without excessive flilggeun, 202ZRegular
physical activity can improve your quality of life and enhance muscle performance.

Sports and physical activities can be done for fun, relaxation, competition, socialization, as well as to
maintain and improve fithess, both physical and mental hélthendra, 2021)Physical activity carried out
regularly is beneficial for maintaining physical fithess for every individual who does it. Physical fitness
hasseveral elements of fitness related to health, of which there are four components, including cardiovascular
endurance, flexibility and body composition, muscle strength and muscle endqiiamiz, 2013)

Muscle strength and endurance are important components of physical fithess, especially for athletes. Muscle
strength is the ability of a muscle or group of muscles to perform a single maximal contraction against resistance
or a load(Schoenfeld et al., 2021Muscle endurance is the ability of a muscle to repeat contractions a certain
number of timegSchoenfeld et al., 2021ncreased muscle strength can enhance muscle capacity, helping you
master training techniques. Increased muscle strength goes hand in hand with increased muscle endurance.

Muscle strength and endurance can be improved through exercise. One exercise that can be used to increase
muscle strength and endurance, especially in athletes, is weight training, both using body weight and using
external weightgNasrulloh & Prasetyo, 202jeight training can increase muscle strength and endurance due
to the increased muscle performance that results from exercise, which physiologically changes the
neuromuscular system. These changes are caused by muscle hypertrophy, which can strengthen muscles.

Weight training is a systematic, programmed, progressive physical activity according to each individual's
condition to increase muscle strength, muscle endurance and the occurrence of muscle hyfieesopby. et
al., 2015By training according to training principles and doing it regularly, it is hoped that athletes can achieve
maximum results, thereby achieving their desired training goals.

The programmed weight training therapy aims to determine the effects of therapy on muscle strength and
endurance in athletes. The urgency of this research is to provide knowledge to the general public, especially
athletes, regarding physical fithess, as examined in terms of increased muscle strength and endurance.
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METHOD

Procedure

This type of research uses a quagberimental approach with a research design that includes one group in
which there is a pretest before treatment is given to measure initial abilities and a posttest after treatment is
given to measure final abilities after applying the thei@gstjarjo, 2019) Exercise therapy is given for 6
weeks with a frequency of 4 exercises per week or 24 sessions.

Sample

The population in this study was 150 people. The research sample consisted of 20 people determined by the
purposive sampling method, with the following criteria: 1) athletes or sports practitioners aged/@ars, 2)
in good health, 3) willing to follow all the training provided.

Data Analysis Instruments and Techniques

The instruments used in this study were a leg dynamometer to measure muscle strength and lunges to
measure muscle endurance. Data collection techniques used were-pustiest data and a questionnaire
compiled in Google Form. Data analysis used descriptive analysis, statistical analysis, andigstised t

RESULTS AND DISCUSSION

Data was collected based on the results of weight training therapy interventions, followed by measurements
of muscle strength and endurance. The following is a record of the measurement results:
1. Descriptive Analysis
Muscle Strength
Muscle strength data was obtained using a leg dynamometer. The following are pretest and posttest
data from the leg dynamometer muscle strength measurements, along with the average, minimum, and
maximum values:
Tableb. Pretest Posttest Score for Muscle Strength

Pretest Posttest Difference
Average 220.2 254.8 34.6
Min 86 115 6
Max 300 322 149

Table 1 shows that the results of the pretest and posttest measurements of muscle strength in athletes
undergoing weight training therapy showed an average difference of 34.6. Based on the results and
average pretest and posttest valoemuscle strength, it can be concluded that there was an increase in
muscle strength in athletes after being given weight training therapy.

The results of the pretest and posttest muscle strength measurements can be more clearly presented in
the following bar chart.
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Picturel0. Pretest Posttest Muscle Strength
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Muscle Endurance
Muscular endurance data was obtained based on measurements using lunges. The following are the
pretest and posttest measurements using lunges:
Tabler. Pretest Posttest Value of Muscle Endurance

Pretest Posttest Difference
Average 48.1 58.3 10.2
Min 36 46 4
Max 64 70 16

Table 2 shows that the results of the pretest and posttest measurements of muscle endurance in
athletes undergoing weight training therapy showed an average difference of 10.2. Based on the results
and average pretest and posttest vahfemuscle endurance, it can be concluded that there was an
increase in muscle endurance in athletes after being given weight training therapy.

The results of the pretest and posttest measurements of muscle endurance can be more clearly
presented in the following bar chart.
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Picturell. Pretest Posttest Muscle Endurance

2. Paired Sampletest
A paired sample-test was conducted to determine whether there was an increase in muscle
endurance after 24 sessions of treatment on the research sample. The results of the pairetdesample t
can be declared significant if the calculatadilue is greater than the tablgalue and the sig. value is
<0.05.
Muscle strength and endurance data were calculated based on pretest and posttest data from weight
training therapy. The following is the paired samglest data:

Table8. Paired T-Test

Paired t-test

Data Mean t Count t Table df Sig.
Muscle Strength Pretest -34,600 -3,960 1.72913 19 0.001
Muscle Strength Posttest
Muscle Endurance Pretest -10,200 -12,910 1.72913 19 0,000

Muscle Endurance Posttest

Table 3 shows the results of the prefessttest data analysis of muscle strength, with a calculated t
value of 3.960 >-table of 1.72913 and a significance value of 0.001 <0.05. For the prettist
data of muscle endurance, the calculatedltie of 12.910 >table of 1.72913 and a significance value
of 0.000 <0.05. From the overall results of the paired sarrtglgt tit can be concluded that the weight
training therapy program for athletes has proven effective in increasing muscle strength and muscle
endurance.

Based on the research results obtained, weight training therapy has been proven to have an effect on
increasing muscle strength and muscle endurance in athletes. This can be seen from the average pretest
and posttest results on muscle strength and muscle endurance. The average pretest results for muscle
strength were 220.2 and the posttest was 254.8, indicating an increase in muscle strength, while for
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muscle endurance, the average pretest value wasan8.the posttest was 58.3, indicating an increase

in muscle endurance in athletes. The results of the study through paired séesphbwed that there

was a difference in the effect of weight training therapy on increasing muscle strength and muscle
endurance with a sig value <0.05. These results prove that weight training therapy is effective in
providing an effect of increasing muscle strength and muscle endurance in athletes.

Weight training is exercise using weights to increase a person's ability to exert force with the goal
of increasing strength, muscular endurance, hypertrophy, athletic performance or a combination of
these goal§Baechle & Earle, 2012)Weight training is widely used by athletes or sportspeople,
because weight training is an activity that can be achieved in a short time, but can dramatically change
body shapéBaechle & Earle, 201%Yeight training is a program designed to increase muscle strength
and endurance through a progressive exercise program that loads the muscular system and causes
physiological changes. In addition to focusing the load on the muscles, it also puts stress on the bones,
strengthening and densifying them and preventing -teng bone injuriegNasrulloh & Prasetyo,

2021)

Weight training therapy using external weights and your own body weight can increase muscle
strength and endurance. Weight training performed according to specific rules and intensities can cause
injury to muscle fibers and connective tissue. This injury leads to muscle fatigue, which triggers the
body's protective mechanisms to prevent further damage, allowing for recovery and the growth of new
muscle fibers.

Muscle strength and endurance increase due to the enlargement of muscle fibers and increased
muscle energy. This occurs due to structural changes resulting from physical exercise, both at the
neuromuscular junction and in the muscle fig@sahmin Rangga et al., 2022p00d muscle strength
and endurance can have a positive impact on the performance of every(bihigtes et al., 2018)

Greater muscle strength and endurance can improve the ability to perform general sports
skills.(Suchomel et al., 2016)

CONCLUSION

Exercise therapy using external weights and body weight has been shown to increase muscle strength and
endurance in athletes. The study showed a 34.6% increase in muscle strength and 10.2% increase in muscle
endurance, with a significance level of <0.05. Weight training therapy can be recommended for athletes and the
general public to improve physical fitness by increasing muscle strength and endurance.

This study can serve as a reference for further research using larger samples, multiple sample groups, and a
control group to determine the accuracy of the results. Weight training therapy can serve as a reference for
sports therapy for therapists and the healthcare sector.
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Abstract. The utilization of liquid waste from tofu production has not been maximized to produce useful materials.
This study aims to utilize liquid waste from tofu production to produce environmentally friendly membranes with the
addition of glycerol plasticizers and betel leaf extract and to determine the characteristics of the resulting
membranes. Soya nata de soya cellulose was fermented for 10 days by acetobacter xylinum bacteria from tofu
wastewater with the addition of glycerol plasticizer at various concentrations, namely 3%, 6%, 9%, and 12% (v/v),
then the product was soaked in betel leaf extract for 1 and 3 days to obtain an antibacterial composite. Degradation
tests were conducted using the weight reduction method. The characteristics of the resulting composites were
determined based on mechanical tests, hydrophobicity, antibacterial properties, and degrédalzlitymicrobial

test on the cellulose composite is in the moderate category, with a moderate inhibition zone of 5.25 mm for a
maximum of 9 hours for E. coli bacteria and a weak category of 4 mm for S. aureus. The e&luiglyeerotbetel

leaf extract membrane coated in 1 day is very environmentally friendly because it can degrade up to 90% if stored in
the soil for 4 weeks.

INTRODUCTION

Wastewater from tofu production is one type of wastewater that has a negative impact on the environment
(Viogenta et al., 2022), because it has high BOD and COD levels. This waste does not yet have significant
economic value, even though it still contains arounid60o protein, 2650% carbohydrates, and around 10%
fat (Putri et al., 2022). Therefore, this waste needs to be processed into a more useful product, even one with
high economic value, one of which is to make it into an antibacterial and environmentally friendly membrane.
This membrane could potentially be used as a substitute for plastic packaging, paper, or other environmentally
unfriendly materials.

Cellulose is a renewable material, but cellulose derived from plants requires a long time to process. Waste
liquid from tofu production can be converted into cellulose through a fermentation process. In addition, the
cellulose produced is environmentally friendly because it is easily decomposed by nature (biodegradable). Nata
De Soya contains one hundred percent cellulose (Rahadi et al., 2020). Fermented cellulose still needs to be
modified to have the characteristics suitable for its intended use. The cellulose base made from nata is still rigid,
so plasticizers need to be added to make the cellulose more elastic, flexible, anesistaant. In addition, for
use in the health sector, it is sometimes necessary to add

The increase in glycerol concentration in composite manufacturing affects moisture content, thickness,
elongation, and tensile strength (Kalsum et al., 2020). Packaging made from cellulose composites also needs to
be supplemented with antibacterial agents to inhibit the growth of microorganisms when used as packaging. The
antibacterial agents used can be derived from natural materials that have high antibacterial activity, one of which
is green betel leaf. Natural phenols have an antiseptic power five times stronger than ordinary phenols because
they can be toxic in protoplasm, precipitate cell proteins in bacteria, and penetrate bacterial walls (Azmi et al.,
2023). The essential oil content in green betel leaves consists mostly of betephenol, which acts as an
antibacterial agent (Dwi anggraini et al., 2013). In addition to being an antibacterial agent, the combination of
essential oil content in betel leaves can act as an antioxidant and antifungal agent (Anggraini & Masfuatun 2017,
Setiari et al., 2019). Several studies have discussed the synthesis of cellulose from tofu liquid waste, but studies
on cellulose composites with added antibacterial agents are still limited. In addition, variations in glycerol
concentration, the ratio of glycerol to antibacterial agents, and the duration of immersion in betel leaf extract
often result in different cellulose characteristics, so further research is needed.
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METHODE

Production of Cellulosé Glycerol i betel extract membranes

Celluloseglycerol membranes are produced through a fermentation method, where a mixture of waste water
from tofu production and glycerol in certain concentrations of 0%, 3%, 6%, 9% (v/v) are fermented using
Acetobacter Xylinum bacteria at pH 4. Glacial acetic acid is used as a pH regulator. Sucrose and ammonium
sulphate are also added during the fermentation process as sources of carbon and nitrogen. The bacterial
cellulose film will form after 14 days. While the membrane of cellul@ggcerol betel extract was made by
coating method. The soaking time was varied at 1 and 3days.

Characterization of Cellulosd Glycerol i betel extract membrane

Characterization of the functional groups of sorb@elluloselemongrass oil films includes mechanical
properties, film functional groups, water resistance, vapor absorption capacity, contact angle, and antibacterial
activity and biodegradablity. The mechanical properties of the membrane was carried out using mechanical
testing machine and the functional group analysis using an FTIR spectrophotometer at the FKG and Chemistry
Research Laboratory UGM.

Characterization of Mechanical Properties
Mechanical properties of cellulose films which include tensile strength, percent elongation. Afterward,
Young's modulus was calculated using the equation:
o - @

Note

E = Young modulus

G tensile strength

U =percent elongation

Hydrophobicity Determination of Membrane

The hydrophobicity of the film is determined through 3 tests, namely water resistance, water vapor
absorption capacity and contact angle. Contact angle test used sessile drop method.

Water resistance was determined by immersing the dry film in distilled water for 1 minute. The amount of
water absorbed was calculated by comparing the weight of the film before and after absorption, while water
resistance was the difference between the initial percentage and the percentage of water absorbed.

The film's ability to absorb water vapor is done by hanging the film 5 cm from the water surface in a closed
container. Then left for a certain time. Weighing is done after 24 hours. The amount of water vapor absorbed is
calculated from the difference in weight before and after treatment.

Antibacterial Activity testing

Antibacterial activity testing was performed using the agar diffusion method against Escherichia coli and
Staphylococcus aureus bacteria. Test samples measuring + 5 mm in diameter were inoculated with 100 pl of
bacteria in the medium, then incubated at 37°C for 24 hours. The diameter of the inhibition zone was measured
every 3 hours by measuring the length of the clear zone vertically (v), horizontally (h), and diagonally (d).
Statistical testing was performed using the oneway ANOVA test.

1 Qi 01 Q@& Qe 2)

RESULT AND DISCUSSION

A. Physical andMechanical Properties

The formation of cellulose with the addition of varying concentrations of glyespiasticizer through
fermentation results in differences in colour appearance after the drying piGe#skse produced from
the fermentation of liquid waste from tofu production without the addition of glycerol is bright yellow and
transparent, as shown in FigureFigure 2 shows cellulose membranes after the addition of 3%, 6%, and
9% glycerol. It can be seen that the colour of the membrane darkens with increasing glycerol concentration.
It is suspected that the addition of glycerol plasticizer catlsegolymers in the cellulose structure to
undergo gelatinizatian
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Figure 2. Apparition of a).Cellulosg%oglycerol; b). Figure 3. Cellulos&% Glycerol
Cellulose 6%glycerol c). Cellulos® % glycerol -betel extract 1days
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Figure 1. Cellulose

The appearance of the modified membrane with betel leaf extract, which was soaked for one day, is
shown in Figure 3. The color of the membrane became more evenly brown.

The addition of glycerol as a plasticizer is expected to improve the mechanical properties of cellulose.
The effect of adding fermented glycerol plasticizer on tensile strength, elongation, and Young's modulus can
be seen in Figure 4. Based on Figure 4, varying amounts of fermented glycerol plasticizer added to cellulose
produce inconsistent tensile strength values. In 3% and 9% glycerol cellulose composites, there was a
decrease in tensile strength, which could be caused by low hydrogen bonding, resulting in lower
intermolecular bonds in the cellulose structure (Selpiana et al., 2016). The addition of glycerol plasticizer
also affects the elongation percentage of cellulose. Figure 4 also shows that varying amounts of glycerol
added as a plasticizer produce different elongation values. The highest elongation percentages were observed
at glycerol concentrations of 6% and 9%, with nearly identical values of 19.05% and 19.25%. It can
therefore be concluded that the best mechanical properties are produced by egHulgigeerol.

Theoretically, the addition of plasticizers will increase the elongation value because glycerol has
properties as a plasticizer that can increase the flexibility of cellulose (Fatnasari et al., 2018).
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Figure 4. Mechanical properties @fllulose with the addition of glycerol at various concentrations and
after immersing in betel extract for 1 and 3 days

Immersed cellulosglycerol membranes in betel leaf extract for 1 and 3 days showed that the highest tensile
strength was produced by the 6% cellulose glyebetél extract sample as shown in Figure 4 too . Overall, the
tensile strength of cellulosglycerol composites soaked in betel leaf extract decreased. This is like due to
phenolic compounds and hydroxyl groups that are polar in nature, thereby reducing the strength and flexibility
of the cellulose composite structure. But the percentage of elongation value is increased, but then decreased
again, which may be due to an excess of matrix filler material, thereby reducing the flexibility of the cellulose.
These results are supported by the research of Lesti et al. (2020), which states that the addition of antibacterial
compounds can increase tensile strength, but at certain concentrations, tensile strength will decrease due to an
excess of filler material in the cellulose matrix, thereby reducing the elasticity of the film.

This is likely due to phenolic compounds and hydroxyl groups being polar, thereby reducing the strength and
flexibility of the cellulose composite structure. The percentage elongation value also increased at certain
concentrations, but then decreased again, possibly due to an excess of matrix filler, thereby reducing the
flexibility of the cellulose. These results are supported by research by Lesti et al. (2020), which states that the
addition of antibacterial compounds can increase tensile strength, drrtah concentrations, tensile strength
will decrease due to an excess of filler material in the cellulose matrix, thereby reducing the elasticity of the
film. Figure 5 shows the mechanical test graph of the cellkdbg=erol betel leaf composite using the coating
method. The mechanical test results of the coating method with a mixture of glycerol and betel leaf extract show
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the effect on the mechanical properties of the cellulose film. The increase is likely due to the formation of
hydrogen bonds between glycerol and the active compounds in betel leaf extract, thereby strengthening the
interactions within the polymer matrix (Winarti et al., 2012; Nurlita et al., 2017).

B. FTIR Properties

selulosa gliserol 6% + sirih
selulosa gliserol 6%
selulosa

$

2931

F3
T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

FTIR spectrum analysis shows that the three samples, namely pure cellulose, 6% glycerol cellulose, and 6%
glycerol cellulose + betel leaf, have similar absorption patterns. The main characteristic peaks of cellulose are
the Q' H group (around 344B356 cml), aliphatic CH (2931 2939 cm-1), aromatic C=C (1627 cth), O H
bending (1404 cri), and glycosidic TOi C (10491118 cm1). The addition of glycerol causes a slight shift in
the spectrum, especially in thekDgroup, which is hydrophilic or easily absorbs water. Immersion in betel leaf
extract also showed a similar spectrum, but the peak in tHeg@up widened due to the presence of phenolic
compounds in the betel leaf extract and more glycerol functional groups, resulting in a broader spectrum.

C. Hydro phobicity properties

The hydrophobicity of cellulose composites was analysed through three types of tests, namely water
resistance, water vapor resistance, and contact angle.

The resistance of cellulose to water can be determined through a swelling test, which is the percentage of
swelling of a polymer by water. The lower the water absorption, the higher the water resistance value, which
means an increase in the quality of cellulose as a packaging material. Table 1 shows data related to the
membrane's ability to absorb water or water vapor, which is determined by its resistance to water, water vapor
and the size of the contact angle.

Sample resis\t/zlﬁ::eer %) Water vapor resistance (%) Angle of contact
Cellulose 67,00 70,25 52,305°
Cellulose 6% glycerol 68,93 78,52 30,997°
Cellulose 6% glycerol-betel extract 68.33 76.92 33,7800

coating for 1 day

Table 1. Hydrophobicity properties of sample

Based on the table 1, the decrease in water resistance is related to the hydrophilic nature of glycerol, which
contains hydroxyl groups and tends to increase water absorption due to the formation of spaces between
polymer chains (Kalsum et al., 2020). Furthermore, soaking in betel extract also reduces water resistance due to
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the hydrophilic nature of polyphenols. This is supported by research by Wijaya (2022), who found that the
addition of certain antibacterial compounds can affect film solubility and depends on the chemical properties of
the materials used.

Water vapor absorption was measured to determine the ability of cellulose composites to absorb water vapor.
The lower the water vapor absorption, the higher the cellulose's resistance to water vapor, thus improving the
quality of the cellulose composite as a packaging material.

The addition of 6% glycerol and soaking in betel extract increased water vapor absorption, thereby reducing
cellulose's resistance to water vapor because glycerol contains hydrophilic hydroxyl groups, which readily
absorb water. This can lead to reduced hydrogen bonds and the formation of intermolecular spaces within the
polymer chains, allowing water vapor to easily diffuse into the cellulose. Furthermore, the extracted polyphenol
compounds in betel leaves (Owu et al., 2020) are hydrophilic.

The contact angle is used to determine the contact strength between the cellulose surface and water. The
contact angle value is related to the hydrophobicity of cellulose. The higher the contact angle value, the higher
the hydrophobicity of the cellulose. Contact angle testing uses the sessile drop method, which is then analyzed
using the ImageJ application, as can be seen in Table.1

D. Antibacterial Activity

This study used two types of pathogens: Staphylococcus aureusfgsitive bacteria) and Escherichia coli
(gramnegative bacteria). Antibacterial activity was determined by measuring the clear zone around the sample
sphere. Chloramphenicol is an effective antibacterial against various pathogens, including betloSjtiaen
and gramnegative bacteria, by eradicating the infecttmusing bacteria and inhibiting their regrowth (Fitriana
et al., 2020).

Tabel 2 Anti Bacterial Activity

E. coli bacteria Inhibition zone after

Sample 0 hour 3 hours 6 hours 9 hours 12 hours 15 hours
Positive control 0 0 19.3 21.4 22.2 21
Negative control 0 0 0 0 0 0

Cellulose6% glycerot 1 day

- 0 0 3.2 5.25 4.3 1.3
coating betel extract
S aurus bacteria
Positive control 0 0 19,5 19,5 21,3 20,75
Negative control 0 0 0 0 0 0
Cellulose6% glycerol 1 day 0 2.4 4 25 12

coating betel extract

Antibacterial activity in 6% glycerol cellulodeetel leaf extract can be stated from the formation of a clear
zone. The three samples have a clear zone diameter of approximately 5,25 mm. The classification of inhibition
responses according to (Pan et al., 2009) shows that sample is in the medium category at 9 hours. Theoretically,
betel leaf extract is more effective against gyawsitive bacteria (S. aureus) than graggative bacteria (E.
coli) because the cell wall of grapositive bacteria is composed of several layers of peptidoglycan so that
antibacterials are easy to damage the cell wall. However, in this study, the inhibition zone of E. coli bacteria was
relatively larger than that of S. aureus. This may be due to the density factor of the bacteria used in the test
medium. Supported by the study of Marfu'ah et al., (2021) green betel leaf extract against antibacterial S. aureus
produced an average inhibition zone diameter that was classified as weak

E. Degradation test

The degradation test was conducted using a weight reduction method, which involved burying the membrane
in the soil to a depth of 5 to 10 cm. The membrane was then reweighed after a specified time. The weight loss
was considered to be the membrane's degradation.

The degradation test was conducted using a weight reduction method, namely by burying the membrane in
the soil, to a depth of 5 to 10 cm. Then the membrane was reweighed after a certain time. The lost weight was
considered as the membrane degradation. Based on the results of the degradation test calculation on the
cellulose6% glycerol sample coated with betel extract for 1 consecutive day, it was 71.67% for week 1; 78.33%
in the second week; 90.42% for week 4; and 95.83% for week 6. This shows that the resulting membrane
degrades in a relatively short time. Therefore, it can be said that the resulting membrane is environmentally
friendly.
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CONCLUSION

The results showed that the addition of glycerol increased elasticity and elongation but reduced tensile
strength in the cellulose composite. The 6% glycerol cellulose membrane soaked in betel leaf extract for 1 day
exhibited maximum mechanical and hydrophobic properties. The antimicrobial test on the cellulose composite
is in the moderate category, with a moderate inhibition zone of 5.25 mm for a maximum of 9 hours for E. coli
bacteria and a weak category of 4 mm for S. aureus. The celkfosglycerotbetel leaf extract membrane
coated in 1 day is very environmentally friendly because it can degrade up to 90% if stored in the soil for 4
weeks.
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Abstract. The climate crisis has become a critical global issue, emphasizing the importance of incorporating

ecological themes into education. This study investigates how ecological representation is manifested in the German

language textbook Deutsch echt einfach A1.1, which is widely used in Indonesian senior high schools. Drawing on a

qualitative approach and content analysis procedures, the study identifies and categorizes environmental themes that

appear in textual and taslased activities. The findings reveal that ecological themes are present in reading (10

instances), speaking (6), writing (3), listening (3), and vocabulary recognition exercises (10). These results indicate

that while the textbook integrates environmental issues, the representation remains limited tdemaifaveareness

without deeper critical engagement or actmiented learning. The discussion highlights that ecological discourse

tends to appear descriptively, reflecting a fiweak sustai
Deutsch echt einfach A1.1 contributes to |l earnersd initi
support for developing ecological literacy or critical reflection. Therefore, textbook developers and educators are
encouraged to design and implement language learning materials that promote stronger ecological consciousness and
foster |l earnersd participation in sustainability efforts

Keywords:ecological, German language textbook, language learning

INTRODUCTION

The climate crisis has become an urgent topic in global discourse. As environmental degradation,
biodiversity loss, and extreme weather events increase, there is a pressing need for pedagogical practitioners to
engage in environmental issues, both to foster knowledge and to encourage responsible action. Education plays
a central rol e i n this endeavor : incorporating envi
environmental awareness and attitude toward sustainability (Basya & Maulidia, 2024; Seli et al., 2025).

In Indonesia, such concerns are especially relevant, as the country is among the most biodiverse in the world
yet faces severe environmental challenges, including deforestation, pollution, and climate change. Education
systems must respond by embedding ecological themes into curricula and learning materials, thereby supporting
studentsd6 growth as globally aware citizens committe
Andayani, Laelani Marda, & Fitriani, 2025).

This study examines how ecological representation appears in a selected German language textbook in
Indonesia, Deutsch echt einfach Al.1. Specifically, the investigation focuses on the percentage of ecological
themes in the textbook, as manifested in texts/utterances, in the context of classes for senior high school (SMA).
By analyzing how often and in what manner ecology appears in the textbook, this research aims to assess
whether and how the material contributes to global citizenship and environmental stewardship among learners.

The importance of this kind of study is threefold. First, it offers insights for textbook designers and
curriculum developers about how well environmental concerns are integrated in dareigage (FL) teaching
resources (Ekasiwi & Bram, 2023). Second, it provides educators with evilased alternatives for
motivating learners to become environmentally conscious and active participants in sustainability efforts (Basya
& Maulidia, 2024). Third, in the context of the global climate crisis, such representational impacts are essential
0 they help cultivate an informed, engaged populace capable of involvement in ecological preservation at local
and global scales.

Studies of Ecocritical Discourse Analysis (ECDA) in forelgnguage textbooks have shown varying
degrees of environmental messaging. For instance, Basya & Maulidia (2024) found in ELT textbooks for
secondary schools that environmental issues are represented both in visual and verbal content, though with
varying degrees of emphasis. In the Indonesian context, research on ELT textbooks examined how
environmental values are framed (Made Adi Andayani et al., 2025) or how ecolinguistic topics occur in terms of
topics and vocabulary (Ekasiwi & Bram, 2023). Scholars argue that educational materials in Indonesia
sometimes still face constraints such as underqualified teachers, traditional pedagogical methods, and



mailto:weningsahayu@uny.ac.id

The 13t International Conference on Educational Research and Innovation

examinationdriven curricula, which limit opportunities for meaningful engagement with ecological issues (Seli
et al., 2025; Made Adi Andayani et al., 2025).

These studies suggest a gap in the foreign language textbook domain: there is relatively little published about
ecological representation in German FL textbooks in Indonesia. This study aims to fill that gap by providing
empirical data concerning the selected textbook, thereby contributing to theory, practice, and policy in
environmental education.

LITERATURE REVIEW

Ecology in contemporary scholarship transcends purely biological definitions and encompasses the study of
interrelations among living organisms, nlwving environment, social systems, and human etipcditical
responsibility toward environmental sustainability. In educational contexts, environmental/ecological literacy is
understood as integrating knowledge of ecological systems, affective awareness, and action / behaviour oriented
toward preserving natural systems. Textbooks serve not only as carriers of factual content but also as mediators
of value systems: they shape what themes become salient, how agency is allocated (hunzanmampnvhat
metaphors are used to talk about nature, and what kinds of environmental action are rendered feasible or
desirable.

The role of textbooks in fostering environmental awareness has been explored in multiple studies. For
example, Triyono, Sahayu & Margana (2023) conducted a multimodal ecocritical discourse analysis on English
textbooks used in Indonesian senior high schools and found that whileeeeticial discourse is frequent,
higherorder environmental skills (e.g. ability to critically evaluate environmental issues, propose creative
solutions) are relatively rare; visual representations tend similarly toward environmentally positive imagery but
often lack depth in prompting action or sustained responsibility.

Similarly, Ekasi wi & Bram (2023) in their AEcol i ng
found that only some official ELT textbooks include ecolinguistic themes in topics, words, or sentences, and
that not al/l do. I n AEcol ogi cal Literacy Values in It

Zainnuri & Yunus (2019) show that textbooks under the Indonesian curriculum 2013 emphasize ecological
knowledge and environmental issues more than affective, behavioural, or cogkilliveomponents of
ecological literacy.

From a theoretical lens, the discipline of ecolinguistics, particularly following Stibbe (2014/2015), offers
tools such as analysis of salience, agency, transitivity, metaphor, and framing to uncover how discourses in
educational texts may either reproduce anthropocentric or shallow environmental thinking, or alternatively
foster ecological consciousness and action. Although many existing textbook analyses (both in Indonesia and
globally) report presence of environmental themes, they often find that the framing is informational or
descriptive rather than acti@riented; norhuman nature tends to be background rather than actor; and tasks in
textbooks frequently lack the pedagogical design that encourages learner agency or critical reflection.

Indonesian case studies especially indicate institutional, curricular, and tpagparation constraints. How
does Indonesian SeconddeyL T Textbook Shape Environmental Consciousness? by Basya & Maulidia (2024)
uses ECDA to examine verbal and visual content in ELT textbooks and concludes that while environmental
representation exists, its depth is limited and opportunities for integrating environmental awareness through
activities are underutilized.

Another example, Analisis Ekolinguistik dalam Buku Teks Bahasa Indonesia for SMP/MTS class VI
(2025) by Farahiba, Laksono & Nurhadi shows that ecolexicon is present and diverse in vocabulary, but
discourse that could foster ecological intelligence is still weak in terms of action or transformation.

These findings suggest that in studying a German FL textbook with respect to ecological themes, both
guantitative measures (percentage of texts/utterances/images containing ecology content) and
gualitative/discourse analytic dimensions (agency, metaphor, policy of action vs description, visual as well as
verbal framing) are necessary. Moreover, anchoring the analysis in the Indonesiaensaciomental context
(e.g. issues such as deforestation, pollution, climate change, biodiversity) and educational policy constraints
(examination focus, teacher preparation) would enhance relevance and potential for impact.

METHOD

This study employed a qualitative content analysis approach (Miles, Huberman, & Saldafia, 2014) to
investigate the representation of environmental issues in the German textbook Deutsch echt einfach Al.1. The
gualitative approach was chosen to allow a detailed and interpretative exploration of how ecological themes are
integrated into the linguistic and pedagogical components of the textbook, rather than relying on numerical
frequency alone. This method is particularly suitable for examining educational materials where meaning,
context, and discourse are central to understanding (Creswell & Poth, 2018; Schreier, 2012).
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Data Source

The primary data source in this study was the textbook Deutsch echt einfach Al.1, which is widely used in
Indonesian senior high schools as a core instructional material for teaching German as a foreign language. The
textbook was selected because of its alignment with the Al level of the Common European Framework of
Reference for Languages (CEFR), and its widespread adoption provides a representative sample of German
learning materials in Indonesian secondary education contexts. The textbook includes multiple thematic units
integrating vocabulary, grammar exercises, reading texts, and communicative tasks, which were systematically
analyzed for environmental content.

Data Collection Technique

Data were collected through systematic observation and documentation techniques (Bowen, 2009). The
researcher conducted a close reading of all textual and visual materials in the textbook to identify explicit and
implicit references to environmental themes. The process involved four main steps: (1) observing the overall
structure and thematic organization of the textbook, (2) examining each unit to locate environmentally related
content, (3) recording excerpts and images representing ecological issues, and (4) categorizing these findings
into thematic clusters. This process ensured that all environmental aspects were captured comprehensively and
consistently across all language skills (listening, speaking, reading, and writing).

Data Analysis

The data analysis followed the framework proposed by Belgrave (1993) and Grave & Rein (1990), adapted
to the context of textbook content analysis. The analysis proceeded in three stages. First, each unit of the
textbook was examined to identify and count the occurrences of environmental issues (e.g., pollution, recycling,
sustainable living, energy use). Second, the identified content was analyzed in terms of its relevance to language
skills and communicative activities, determining whether environmental topics were presented through reading
passages, dialogues, grammar exercises, or writing tasks. Finally, the findings were categorized according to the
depth and type of environmental engage@enhether the content merely mentioned environmental issues
superficially or encouraged critical reflection and behavioral awareness among learners.

This analytical framework was supported by the qualitative coding techniques described by Miles et al.
(2014), including data condensation, data display, and conclusion drawing/verification. Through iterative
coding, the researcher refined categories and identified patterns of environmental integration within the
linguistic and cultural components of the textbook. Triangulation was achieved through repeated reading and
peer debriefing to enhance the credibility and reliability of the analysis (Lincoln & Guba, 1985).

RESULTS

The analysis of Deutsch echt einfach A4 German language textbook widely used in Indonesian senior
high schoold revealed a selective yet noticeable presence of ecological themes throughout its chapters.
Ecological topics were identified in reading activities (10 instances), speaking activities (6 instances), writing
tasks (3 instances), listening exercises (3 instances), and vocabulary recognition activities (10 instances). These
findings suggest that while ecological elements are integrated into the material, their representation is uneven
across language skills, with a clear predominance in receptive and lexical domains rather than productive
communicative contexts.

The high frequency of ecological content in reading texts indicates that the textbook primarily uses reading
passages as a vehicle for environmental education. Many of these texts introduce fundamental environmental
issues, such as Umweltschutz (environmental protection), Recycling, Natur und Tiere (nature and animals), and
Energie sparen (energy saving). These topics are presented in simple, descriptive narratives that suit the
cognitive and linguistic level of Al learners. Reading passages often depict daily &atiaisas turning off
lights, separating waste, or appreciating natural béawfyich help students relate environmental awareness to
reatlife behavior. However, the analysis also found that most of these texts are informative rather than critical:
they transmit knowledge and vocabulary but seldom invite learners to reflect on environmental responsibility or
explore problensolving perspectives. This is consistent with Cates (2013) and Tomlinson (2012), who argue
that ecological representation in many foreign language textbooks tends to be-lewdfcéocusing on
exposure rather than critical engagement or behavioral change.

In speaking activities, ecological topics appeared in six instances, usually accompanying reading passages or
visual prompts. Learners were occasionally asked to
Umwel t 20 (AWhat do you do f or -frierddlg habita. While suchreetivitie® 60 ) or
provide a communicative context for expressing opinions, they remain limited in depth. Learners are not
challenged to debate controversial issues, consider ethical dimensions, or toginédeas to broader global
contexts. This limited scope reflects the tendency, as noted by Byram (2008) andRddnieziez (2010), for
foreign language materials to avoid critical or political engagement in favor of neutral topics. Consequently,
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while students may learn to talk about ecology using simple structures, the textbook provides few opportunities
for developing critical environmental literacy.

The writing tasks included only three instances related to ecology, such as describing a clean environment,
writing short notes about daily eddendly actions, or composing sentences using new environmental
vocabulary. These tasks reinforce grammatical accuracy and vocabulary recall but provide minimal space for
argumentation or personal reflection. Writing, as emphasized by Freire (2000), can be a transformative tool for
articulating values and social change; however, in this textbook, it serves mainly as a language practice activity,
not as a medium for ecol ogical expression. This gap
deeper ecological discourse in educational texthere language practices normalize environmental care as a
minor topic instead of framing it as an urgent social responsibility.

Similarly, listening exercises contained three ecological references, mainly in the form of short dialogues or
audio clips about daily habits or classroom recycling activities. These serve as authentic language input, but the
ecological message is often secondary to linguistic goals. While listening tifeessdological situations can
strengthen comprehension and cultural awareness, the limited number of instances suggests that auditory modes
are underutilized for developing ecological sensitivity. According to Dérnyei and Ushioda (2013), engagement
and emotional resonance are key factors in language motivation, implying that more interactive or affective
listening material® such as interviews, news, or stories about environmental ldeomesd enhance both
listening competence and ecological empathy.

Interestingly, the vocabulary recognition activities contained ten ecological items, equaling the number
found in reading tasks. Words related to die Umwelt (environment), der Mull (trash), die Natur (nature), and das
Wasser (water) were introduced through matching tasks, labeling exercises, andbgisagtequizzes. This
indicates that the textbook designers recognize the importance of introducing environmental terminology as part
of basic communicative competence. Nevertheless, vocabulary tasks often remain decontextualized and isolated
from real di scour se, which can | i mit |l earnersd abili
Ekasiwi & Bram (2023) note, ecological vocabulary gains true pedagogical value only when embedded in
authentic communicative contexts that allow learners to negotiate meaning and reflect on its relevance.

Overall, the findings show that Deutsch echt einfach Al.1 integrates ecological content moderately and
asymmetrically, emphasizing recognition and comprehension over production and reflection. The ecological
materials in the textbook provide a useful entry point for environmental awareness but do not fully realize the
transformative potential of ecopedagégthat is, learning that cultivates critical thinking and moral
responsibility toward nature (Freire, 2000; Cates, 2013). The textbook thus aligns with what Stibbe (2014) terms
weak sustainability discourse: it encourages care and conservation in a general sense but avoids questioning the
deeper soci@conomic structures behind environmental degradation.

In the Indonesian educational context, where curriculum goals increasingly emphasize environmental
literacy and global citizenship (Seli et al., 2025; Made Adi Andayani et al., 2025), such findings highlight the
need for textbook developers to go beyond vocabulary and factual knowledge. Integrating ecological themes in
a balanced way across all four language skills could enable learners to internalize sustainability values not only
cognitively but also affectively and behaviorally. This approach would align with Basya and Maulidia (2024),
who advocate for actieariented ecological educatidna framework that positions students as active agents of
environmental change through communicative tasks, reflection, and collaboration.

In summary, while Deutsch echt einfach Al.1 contributes to environmental awareness at a foundational
level, its pedagogical design still treats ecology as a complementary rather than central aspect of language
learning. To fully support the vision of education for sustainability, future textbook revisions and classroom
implementations should adopt more critical and interactive ecopedagogical stéafediasy linguistic
competence with ecological consciousness, intercultural understanding, and global responsibility.

CONCLUSION

This study set out to explore how ecological themes are represented in the German language textbook
Deutsch echt einfach Al.1, which is widely used in Indonesian senior high schools. Through qualitative content
analysis, the study identified the presence of ecological topics across different language Skiltesding (10
instances), speaking (6), writing (3), listening (3), and vocabulary recognition (10). The findings demonstrate
that while the textbook incorporates environmental content, its integration remains imbalanced and primarily
descriptive, with a stronger emphasis on reading comprehension and vocabulary recognition than on productive
or critical engagement.

The dominance of ecological representation in receptive skills indicates that learners are mostly positioned
as consumers of environmental information rather than as active participants in sustainability discourse.
Activities related to speaking and writing seldom extend beyond steaek discussions or sentence
construction, offering limited opportunities for learners to reflect critically on environmental challenges or to
connect language learning with ecological citizenship. This finding aligns wiglviqus research on
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environmental discourse in language textbooks (Cates, 2013; Tomlinson, 2012; Stibbe, 2014; Ekasiwi & Bram,
2023), which suggests that ecological content is often presented as a peripheral rather than central pedagogical
focus.

Despite these limitations, Deutsch echt einfach Al.l still provides a useful entry point for fostering
environmental awareness in foreign language education. The presencerefatab vocabulary, texts, and
dialogues introduces students to key environmental concepts within authentic communicative contexts.
However, the ecological narratives embedded in the textbook largely reflect weak sustainability disttmatrse
is, they promote awareness and care without challenging learners to critically question thmilsarziband
economic systems contributing to environmental degradation (Stibbe, 2014).

In I'ight of I ndonesi ab 9 defaregtatiant poleitiow, and bicdiveesitytidathe c hal | e
role of education in shaping ecological consciousness becomes indispensable (Made Adi Andayani et al., 2025;
Seli et al., 2025). Therefore, foreign language textbooks such as Deutsch echt einfach Al.1 hold great potential
as vehicles for ecopedagogy, capable of linking language learning with global citizenship and sustainability
values. To realize this potential, textbook designers, curriculum developers, and educators should move beyond
factual representation and integrate actioiented, reflective, and participatory ecological content.

Future textbook development should ensure that environmental issues are addressed through balanced tasks
across all four language skills, encouraging learners not only to understand but also to discuss, write about, and
act upon ecological concerns. Integrating prefeded learning, problesolving tasks, and intercultural
comparisons related to sustainability could deepen | e
competence. In doing so, foreign language education would not only teach language for communication but also
language for transformatiénempowering students as global citizens who can think critically, act responsibly,
and contribute meaningfully to the sustainability of life on Earth.
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Abstract. This study aims to understand and describe in depth the similarities and differences between the Prasi
artwork of | Wayan Mudita Adnyana and Traditional Balinese Prasi. Additionally, it seeks to explore and introduce
traditional Balinese local values with the hope of contributing to the development of Prasi in Indonesia. The
analytical focus of this research emphasizes aspects related to the visual language of modern Prasi and traditional
Prasi, including forms of wayang (shadow puppets), clothing, jewelry, attributes, animals, buildings, composition,
space, and writing. The method used is descriptive qualitative research. Descriptive research utilizes data sources
from the Prasi artwork of | Wayan Mudita Adnyana and traditional Indonesian wayang stories, supported by
opinions from respondents consisting of Prasi artists and art critics knowledgeable about the issues addressed. The
sampling is adjusted according to the sources used, such as library sources, proportionally selected informants, and
"purposive sampling,” along with historical data records and direct field notes. To obtain objective data, this research
uses data collection techniques, including observation supported by photographic documentation, documentation
techniques, and interviews. To analyze the artwork, a comparative study is used to compare the visual language of
modern Prasi with traditional Prasi, identifying the similarities and differences between modern Prasi and traditional
Prasi that depict classic Indonesian wayang stories. The data analysis model in this process involves three main
elements: data reduction, data presentation, and conclusion drawing/verification, as interconnected steps before,
during, and after data collection.

Keywords: Comparative Study of Modern Prasi Artwork by | Wayan Mudita Adnyana, Traditional Prasi.first,
second, and third level headings (first level heading)

BACKGROUND

Bali is an island known for its natural beauty, with a society that is agrarian, religious, and advanced in
culture and tourism. Hindu culture came to Bali, influencing and blending with the indigenous culture, resulting
in a unique Balinese culture (with its own distinct characteristics). Religious factors and its geographical
conditions greatly support the development of this culture. Bali is home to a variety of arts, such as visual arts,
music (karawitan), dance, sculpture, and many others, all of which are still preserved and developing to this day.
Prasi art is one of the visual arts that is still preserved and continuously produced in Bali. Prasi art uses lontar
leaves as the medium, and a special tool called "Pengutik” or "Pengrupak" (a knife made of steel) is used to
write or draw on the lontar leaves.

From the 10th to the 15th centuries, Balinese literature was influenced by Javanese Hindu literature. During
this time, the royal family of Warmadewa introduced lontars from Java, such as the Sanghyang Kemahyanikam
lontar, which was written during the reign of King Sindok in East Java, and introduced works like
Purwadigama, Cimasesana, Astasaparwa, Candrakirana, and others. Later, during the Gelgel kingdom era, Prasi
art, alongside other forms of art, reached Highlity standards. According to the book "Monografi Daerah
Bali," the Gelgel period (1380690) was considered Bali's golden age, during which-giglity artistic works
were created.

With the arrival of the Western nations, Western culture influenced Balinese art, making it even richer and
more developed, in line with the development of the times, including Prasi art. After 1930, maknaveil
Prasi artists emerged, including | Ketut Badung, | Wayan Mudita Adnyana, | Gusti Bagus Sudiasta, and many
others. In this study, the author is interested in researching the Prasi works of | Wayan Mudita Adnyana and
comparing them with traditional Balinese Prasi. The study focuses on changes in the Prasi work of | Wayan
Mudita Adnyana, including changes in lines, forms/positions of human heads, bodies, animals, trees/plants,
stones, mountains, clouds, and the perspective in his work titled Gugurnya Salya.




The 13t International Conference on Educational Research and Innovation

Definition of Traditional Prasi

Prasi is a form of traditional visual art from Bali, known for its unique characteristic of being created on
lontar leaves. Suwidja (no date) states that "prasi is an illustration made on lontar leaves" (p. 4). This shows that
prasi is not just a drawing, but also a cultural expression using a natural medium long known in the Nusantara
tradition. In the introduction of Gedong Kirtya Singaraja, it is explained that prasi is "lontar with illustrations
(drawings) etched with a pengrupak” (Gedong Kirtya Singaraja, 1975, p. 4). The pengrupak is a small knife
made of steel used to etch the lontar leaves, producing distinctive lines and illustrations. This technique
highlights a special skill that has been passed down through generations in Balinese art tradition.

Poerwadarminta (1976) in the Kamus Umum Bahasa Indonesia explains that lontar refers to a palm tree
(Borassus), the leaves of which are used for writing, as well as the ancient manuscripts written on lontar leaves
(p. 377). Thus, lontar not only serves as a writing medium but also as a cultural documentation tool with high
historical value. Suwidja (no date) further adds that the term lontar is a metathesis of the word "rontal," which
comes from Old Javanese. The word rontal consists of "ron" meaning leaf and "tal" meaning the rontal tree. This
term has been known since the early 10th century, even before the reign of King Balitung. This explanation
emphasizes that prasi art has deep historical roots and is closely tied to the development of ancient literacy in
Indonesia. Studies on prasi not only focus on its technical and historical aspects but also include aesthetic and
social functions. Prasi often serves as a medium for visual narratives that contain moral teachings, epic stories,
or legends that live within Balinese society. Thus, prasi plays a dual role as a work of visual art as well as a
cultural communication medium. Over time, prasi has undergone visual changes, especially with the emergence
of modern Balinese artists like | Wayan Mudita Adnyana, who explored new styles. However, despite the
variations in form, the fundamental principles of line usage, proportions, composition, and etching techniques
remain the main features that distinguish prasi from other forms of visual art. This shows that prasi has been
able to adapt to the dynamics of the times without losing its traditional identity.

As traditional Balinese illustration art, prasi cannot be separated from the basic concept of illustration itself.
According to the Kamus Latindonesia, the word illustration means appearance, grandeur, light, or the
brilliance of a vivid depiction. As a verb, the term "ilustrasi" means "to illuminate, brighten, make real, perform,
decorate, or radiate" (Kamus Latindonesia, no date). From this definition, illustration can be understood
broadly, encompassing various forms of art that aim to clarify, beautify, or animate, including music, drama,
film, and books.

Poerwadarminta (1976) in the Kamus Umum Bahasa Indonesia explains that illustration specifically means
decoration with images, paintings, diagrams, or graphics that help explain the content of a book (p. 377). Thus,
illustration is applied visual art that serves to complement texts, providing additional explanation and clarifying
meaning.

A similar opinion was expressed by Robert Roos in his book lllustration Today, where he states,
"lllustration, as used in the title of this book, means drawings or other pictorial representation intended for
elucidation or adornmed@itrepresentation with individuality, color, and excitement that stimulate and motivate
to action" (Roos, no date, p. xx). This means that illustration is a visual representation intended to explain or
adorn a text, with unique characteristics, full of color, and capable of evoking emotions and encouraging
specific actions.

Wallace S. Baldinger (in the study of modern illustration) also mentions that "illustration itself [is a] picture
made for a specific text and designed to help a reader visualize the characters and action of the story"
(Baldinger, no date, p. xx). This statement clarifies that illustration directly helps bring narratives to life and
assists readers in visualizing characters and storylines.

Meanwhile, Soedarso Sp. (1990) in his book Tinjauan Seni emphasizes that illustration art falls into the
category of applied art, meaning art dedicated to other purposes. He gives the example of illustrations in short
stories in magazines or diagrams of tree eeesgions in biology books. According to him, "often, the
illustrations will explain more than the words accompanying them" (Soedarso, 1990, p. xx).

From these definitions, it can be concluded that illustration is an image or painting that accompanies a text or
manuscript with the aim of clarifying, illuminating, or decorating. In the context of prasi art, illustration takes
the form of twedimensional images on lontar leaves, functioning just like illustrations in books, that is, to
illuminate, clarify, animate, or adorn the text or stories they accompany.

To clarify the understanding of the term traditional, the Kamus Besar Bahasa Indonesia (KBBI) defines
"traditional" as something that is passed down through generations, based on customs and traditions, and
inherited from one generation to the next (KBBI V,
explanation that the term "traditional" comes from the English word "tradition," meaning customs, so
"traditional" means in accordance with tithenored customs.

Fowler (in the study of cultural anthropology) adds that tradition can be defined as customs inherited from
one generation to another, including customary laws, mythological stories, artistic principles, and literary
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traditions based on the collective experiences of society. Thus, tradition includes both materialsuatieniah
aspects passed down consistently from one generation to the next.

Based on these explanations, prasi can be understood as traditional Balinese illustration art passed down
through generations. Ancient Balinese prasi is not just a drawing on lontar leaves but also part of a cultural
heritage containing artistic principles, visual techniques, and literary values that have been preserved from
generation to generation.

Historical Background of Prasi

Discussing Balinese prasi art cannot be separated from the cultural context in which it developed. According
to G. M. Sudarta, the history of Balinese art began with the history of Bali itself. During the Majapahit period,
when the kingdom expanded its influence to Bali, Javanese Hindu art spread its influence to the island,
encouraging a shift away from primitive culture and megalithic art. Sudarta affirms that "the Balinese took over
Javanese Hindu art, aligning it with their own tastes. From here, art began to develop with its own unique
characteristics, namely Balinese art" (Sudarta, no date, p. xx).

Stutterheim, in his study of Balinese art history, divides its development into three periods. The first is the
Hindu Bali period (8th10th century), marked by the development of Indian or Javastgsesculptures. The
second is the Old Bali period (10tBth century), during which Indian influence was adapted into a more
simplified Balinese style. The third is the Medieval Bali period (LB#th century), which marks the transition
to modern Balinese art (Stutterheim, no date, p. xx).

Claire Holt adds that traditional Balinese art began to take shape in the Medieval Bali period in the 13th
century. One of the forms that emerged was prasi art, which is the art of drawing on lontar leaves, a tradition
that continues to this day (Holt, 1967). Ketut Ginarsa, in his book The Lontar (Palmyra) Palm, explains that "in
the past, because paper had not yet existed in the archipelago, lontar leaves were used to write babads,
kekawins, prasi illustrations, and other things" (Ginarsa, no date, p. xx). This shows that prasi is not only a
visual artwork but also a written medium and a form of visual literature.

P. M. D. Purnata emphasizes that the reign of Dalem Baturenggong in Gelgel in the 16th century marked the
peak of Balinese literature and art, including prasi. According to him, "the Gelgel era was Bali's golden age,
during which highquality artworks were created” (Purnata, no date, p. xx). However, foreign influences,
especially after the arrival of the Dutch in the early 20th century, led to an aesthetic shift and directed Balinese
visual art towards commercial art for tourism (Wardhana et al., no date, p. xx).

Prasi types, based on the content of the lontar, can be classified into seven major groups, including Weda,
Agama, Wariga, Itihasa, Babad, Tantri, and Lalampahan. Among these, prasi based on literary works from
Kakawin, Kidung, Parwa, and Tantri stories is the most popular. | Ketut Suwidja confirms that "the prasi we
encounter today, based on its story content, can be divided into four major genres from literature: Kakawin,
Kidung, Parwa, and Tantri" (Suwidja, no date, p. xx).

The visual style of prasi often features characters from wayang (shadow puppetry). According to | Ketut
Suwidja, "the images on lontar leaves are taken from wayang characters or figures from wayang" (Suwidja, no
date, p. xx). Classical prasi paintings are known for the distinctive Kamasan style. | Made Kanta explains that
wayang Kamasan, or the Kamasan style of painting in Bali, uses onlgitmensional shapes but still conveys
high expression and beauty (Kanta, no date, p. xx).

Thus, prasi art can be understood as the result of the long history of Balinese culture, influenced by Javanese
Hinduism, lontar traditions, and wayang aesthetics. It is a visual art as well as a form of pictorial literature
passed down through generations and remains alive in both traditional and modern contexts.

RESEARCH METHOD

In this study, the applied method is qualitative with a hermeneutic approach enriched by the views of Paul
Ricoeur. The emphasis on language as the primary place of meaning reflects the essence that thought manifests
in language as the primary container of meaning. Hermeneutics, as a method of interpretation, is applied to
understand complex Visual texts, particularly in interpreting the symbols in the Prasi artwork of | Wayan
Mudita Adnyana. This approach requires a deep understanding of the meaning of these symbols, particularly in
the context of prasi, representing a careful and meaichgnterpretive approach (Hadi, 2014).

Location and Time

This research was conducted in Tenganan Pagringsingan, Karangasem, Bali, focusing on the Prasi artwork
of | Wayan Mudita Adnyana and comparing it with traditional Balinese prasi. The study examines the changes
in the prasi works of | Wayan Mudita Adnyana, including changes in lines, shapes/positions of the human head,
body, animal forms, trees/plants, stones, mountains, clouds, and perspective in his work titled Gugurnya Salya.
Sampling Technique
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The sampling technique used is purposive sampling, where the sample is selected in the field based on its
relevance to the research design. The researcher directly determines the sample based on the essential
characteristics of the population, which are already known in advance, thus considered sufficiently
representative. The essential characteristics, and the strata to be represented, depend on the judgment or
assessment of the researcher (Nasution, 2000: 98). This sampling technique is used to select data with a specific
purpose in mind. In this way, the selected data can be trusted according to the needs of the research.

Research Design

The implementation of this research is designed to begin with observation as an introduction by visiting the
prasi visual artists to gather initial information. Afterward, the type of prasi visual art to be analyzed is
determined, along with the methods and techniques of data collection, data collection instruments, data
reduction, data analysis techniques, inferences, and the research schedule. The target output of this research is an
international journal. Additional outputs include a national seminar and publication in national media.

RESULTS AND DISCUSSION

In this research report, the author outlines the stages of the research and the data obtained. The study was
conducted in three stages: preparation, implementation, and data presentation. The preparation stage involved
creating a list of questions and a checklist of factors to be researched, preparing documentation tools such as
tape recorders and cameras, as well as planning the research schedule and budget. The research object focused
on the Prasi artwork of | Wayan Mudita Adnyana, compared with traditional Balinese prasi.

The implementation stage involved direct observation, photographic documentation, and interviews. The
research began on May 22, 2025, at | Wayan Mudita Adnyana's house in Tenganan Pagringsingan, Karangasem.
Subsequently, documentation of traditional prasi was conducted at the Art Center in Denpasar on May 28, 2025.
Interviews were conducted with several sources, including | Gusti Bagus Sudiasta, | Nyoman Sukadana, Ida
Bagus Sugata, | Ketut Suwidja, | Wayan Turun, and | Gusti Bagus Nyoman Panji, who are alsoowall
Balinese art critics.

The data presentation stage was carried out in a descriptive and tabular manner, highlighting the factors of
change in | Wayan Mudita Adnyana's prasi works when compared to traditional prasi. To clarify the
background, a biography of the artist is also presented, including the natural, social, religious, and artistic
environment that influenced his work.

| Wayan Mudita Adnyana was born in 1928 in Tenganan Pagringsingan, Karangasem, into a family of
musicians who made thgenggongmusical instruments and weaved fabrics. From a young age, he showed a
talent for drawing and later pursued prasi art, often imitating traditional works and studying the Kamasan style.
His works often feature themes from epic stories such as the Mahabharata, Ramayana, and Sutasoma. The
technique used is etching with a knife (pengrupak) on lontar leaves, followed by the application of black ink
made from a mixture of candlenut charcoal and oil. His distinctive prasi style includes the use of perspective,
light-dark contrasts, and dimensional effects that differ from traditional prasi. His works have been awarded by
the Regent of Karangasem (1973), the Governor of Bali, Ida Bagus Mantra (1984), and the Dharma Kusuma
Madia Award (1987).

One of the stories analyzed in this studysaya Gugur This story tells of Salya, the king of Madradesa,
who initially planned to join the Pandavas but was persuaded by Duryodhana to side with the Kauravas. In the
Bharatayudha war, Salya became the commander of the Kaurava army after Karna's death. Eventually, he was
killed by Yudistira after a fierce battle. The tragedy continued when his wife, Dewi Setyowati, committed
suicide upon discovering her husband's body. This story not only highlights political conflict and a great war but
also depicts the moral values of loyalty and sacrifice in the Mahabharata epic.

Salya, the king of Madradesa (Madaraka) and the brother of Dewi &#u¥i mother of Nakula and
Sahadew@ heard that the Pandavas were camping at Upaplavya (Kuru Setra), preparing for a great war. Salya
immediately mobilized his large army to join the Pandavas. It was mentioned that his entourage was so large it
required a resting area of over 20 kmz.

The news of Salya's departure reached Duryodhana. He ordered his officers to greet Salya and his army with
special services: providing all necessities, luxuries, and entertainment without shortage. This reception made all
of Salyads soldiers feel satisfied and happy, for wh
came from the Pandavas, Salya intended to repay the favor by supporting them. However, this reception was
actually a scheme by Duryodhana.

When Duryodhana met Safavho was actually his fathen-law, since Salya's daughter, Banowati, was
hiswifedhe expressed his gratitude and honor for Salyaéds
Salya and his army to side with the Kauravas. Initially shocked, Salya eventually could not refuse because he
felt he had received so much kindness during his stay. Thus, he agreed to assist the Kauravas in the
Bharatayudha war.
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After Karna fell on the seventeenth day of the war, Salya was appointed as the supreme commander of the
Kauravas. This made the Pandavas uneasy, as their own uncle was now leading the opposing side. At Krishna's
suggestion, Nakuéa Salya's favorite nephéwwas sent to meet his uncle that night. Nakula offered to be killed
to allow Salya to atone for his sins. However, Salya refused, stating that the Pandavas would surely win because
they were on the righteous side. He also added that he could only be defeated by a virtuous person. Nakula then
returned and relayed the message to Krishna and his brothers.

The next day, Salya went to war. Hi s wife, Dewi Se
cloth to stay connected, but Salya secretly cut the tie so his wife would not wake up.

On the eighteenth day of the war, Yudistira (Dharmawangsa) directly faced his uncle in battle. Their fierce
combat ensued. Yudistira showered Salya with arrows, severely wounding him, then threw a divine spear that
pierced Salyads body. Finally, Salya fell at the hand

Meanwhile, on the other side of the battlefield, Bhimasena fulfilled his vow to destroy all the sons of
Dhritarashtra. He killed them one by one until only Duryodhana remained.

After the war ended, Dewi Setyowati searched for her husband's body among the pile of casualties. When
she found him, she could not contain her grief and stabbed herself with a kris, ending her life and following
Salya.

In the story of Karna's death, it is told that he died on the seventeenth day of the Bharatayudha war after
being struck by an arrow from Arjuna in his neck. Afterward, the position of the commander was taken over by
Salya.

In the traditional Balinese prasi (Figure 1):

Karna is depicted with the arrow still lodged in his neck, while Salya is looking towards him. The faces of
both figures are shown in a thrgaarter view from the front, while their bodies face straight ahead. Karna's
chariot appears intact, the wheels remain sturdy, and his horses are detailed: one horse bows its head with a wide
saddle, and the other horse groans with an arrow lodged in its neck. In front of the horse is a dragon, also struck
by an arrow in its neck, with a giant figure beneath the dragon depicted crouching to avoid the arrow. The giant
is shown with a threquarter view of the face, but its body faces forward. At the bottom, plants are visible but
no rocks, and at the top, there are two umbrellas and-tikeidecorations (auaun) filling the empty space.

CONCLUSION

This study shows that prasi, as one of Bali's traditional visual arts, has undergone a dynamic development
from traditional forms to modernity, as illustrated in the comparison between traditional prasi works and those
of | Wayan Mudita Adnyana.

Both traditional prasi and | Wayan Mudita Adnyana's prasi are rooted in the same media, technique, and
themes, i.e., drawing on lontar leaves with a pengrupak tool, and both draw from the Mahabharata or Ramayana
epics. Visual elements such as wayang figures, animals, trees, and ornaments remain key features, thus the
modern works maintain continuity with the tradition.

Traditional Balinese prasi emphasizes iconic iconography: characters are depicted frontally, faces shown in a
threequarter view, the space is filled with decorative ornaments (horror vacui), and the narrative is collective
and sacred. Its function focuses more on cosmic symbolism and the continuity of tradition. In contrast, | Wayan
Mudita Adnyana's prasi introduces innovation through the use of perspective, realism, voluméarkght
contrasts, and empty space. The characters are depicted from various angles, trees and backgrounds appear more
plastically, and the atmosphere of war is visualized more dramatically. This highlights the shift in aesthetics
towards a more empirical and individual visual experience.

In traditional prasi, war is depicted as a cosmic drama, part of a collective myth, where realistic details are
not the primary focus. However, in Mudita Adnyana's works, war is not only a mythical symbol but also a
human experience: there is room for the reality of conflict, suffering, and even philosophical reflection, such as
in the conversation between Krishna and Arjuna.

Traditional prasi represents the horizon of collective culture, emphasizing order, symbolism, and continuity
of customs. Mudita Adnyana's works open a new horizon: prasi is no longer just a medium for sacred stories but
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also a modern art expression that allows for interpretative freedom, presenting experiences of space, depth, and
realism.

The shift from tradition to modernity in prasi demonstrates that Balinese culture is dynamic and adaptive,
capable of assimilating external influences without losing its core identity. Modern prasi art serves as evidence
that tradition can continue to thrive by transforming, becoming a relevant creative medium in contemporary
visual arts while still rooted in local values.
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Abstract. The rapid evolution of fifttgeneration (5G) wireless communication technologies and the emerging
prospects of sixtigeneration (6G) systems necessitate research platforms that are highly flexible, adaptive, and
reconfigurable. One promising approach is Software Defined Radio (SDR), which decouples traditional hardware
functions and implements them through softwlaased signal processing. This study aims to evaluate the
performance of wireless communication systems utilizing LoRa technology and Software Defined Radio (SDR).
Frequent transitions in communication standards often require hardware replacement, resulting in substantial costs
for users and service providers, particularly within communities of limited economic resources. SDR offers a
practical solution by allowing modifications to communication standards through software without the need for
hardware replacement. This research presents an experimental investigation of SDR implementation using the
Universal Software Radio Peripheral (USRP) B210 for the development of mobile wireless digital communication
systems. The experimental methodology involves configuring the USRP B210 hardware, designing communication
system models via GNU Radio Companion, and evaluating the performance of digital signal transmission and
reception. Experimental results demonstrate that the USRP B210 effectively supports various frequency and
modulation schemes relevant to 5G and 6G implementations, providing flexibility in channel parameter
configuration and efficiency in rapid prototyping. These findings confirm that SDR with USRP B210 represents an
effective and scalable research testbed for the development efjeredation wireless communication systems,
facilitating the transition toward intelligent, adaptive, and servitented 6G networks. Keywords: Software
Defined Radio (SDR); Universal Software Radio Peripheral (USRP) B210; 5G; 6G; GNU Radio Companion;
Wireless Communication Systems

INTRODUCTION

Wireless telecommunication systems have evolved rapidly and brought significant impacts to users. Each
technological advancement introduces a new communication standard, and since most of these advancements
are implemented in hardware, users are often forced to replace their existing devices. For instance, when cellular
subscribers using firgleneration (1G) networks transition to secgaheration (2G) services, they must
purchase new 2@ompatible devices, rendering the previous equipment obsolete. Similarly, such changes in
communication standards compel network operators to incur high costs to upgrade their infrastructure and
improve service delivery.

In response to these challenges, the concept of a flexible radio system controlled by software running on
hardware emerged. In this approach, changes in radio communication standards require only software updates
rather than new hardware acquisition. This system is known as Software Defined Radio (SDR), first introduced
by Joseph Mitola in 1991.

In 2001, Matt Ettus launched an FP&Ased SDR platform designed for hifyjaquency digital signal
processing, known as the Universal Software Radio Peripheral (USRP) version 1.0. Later, in 2008, Ettus
introduced USRP version 2.0. More recent models, including the USRP B200, B210, and N210 series, feature
more compact designs and broader operating frequency ranges (50 MHz to 6 GHz) witheleidAnalodo-

Digital Converters (ADC) operating at 100 Ms/sec and 400 Ms/sec.

The integration of SDR platforms using USRP and computers demonstrates the core characteristics of
flexibility, reconfigurability, and reprogrammability of hardware components in building -B&sed
communication systems (Mitola, 2000; Reed, 2002).
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The issue of hardware dependency due to evolving communication standards also arises in the development
of Internet of Things (IoT) systems. The diversity of hardware types and specifications often complicates the
design of wireless loT systems. Variations in communication star@atdsh as differences in radio
frequencies, modulation types, data bit rates, and communication prétguse significant challenges to
implementing robust and interoperable wireless I0T networks.

A previous study (2024) successfully installed and operated andettogatible USRP B210, demonstrating
its capability to run demo programs for 5G communication. However, limitations in supporting hardware
components, such as antennas and computer specifications, continued to present challenges. Incompatibility
between the antenna and the 5G operating frequencies (2.5 GHz and 3.6 GHz) required the transmitter and
receiver to be positioned extremely close (within 0.5 to 1 cm), which is unrealistic for wireless communication
scenarios. Moreover, computer hardware compofiesiteh as RAM capacity, number of processor cores, CPU
speed, and storage performaiagere insufficient to efficiently run 5G mobile communication applications.

This study addresses two key research questions:

(a) What types of hardware components (antennas and computer specifications) are suitable to enable optimal
operation of USRP for 5G communication?

(b) How can demo program parameteich as frequency, modulation type, and dat®ra& modified to

allow USRP B210 to communicate with other devices operating under different standards?

The outcomes of this research are expected to contribute significantly to the further development and
optimization of USRP B210 for implementing nayeneration wireless, cellular, and mobile communication
technologies from 5G toward 6G.

LITERATURE REVIEW

Development of Radio Communication Technology

Wireless telecommunication systems have evolved rapidly and brought significant impacts to their users.
Each new technological advancement leads to the emergence of a new communication standard. Unfortunately,
every technological change has traditionally been implemented in hardware form, forcing users to continually
replace their existing devices.

For example, when mobile subscribers using -fijiesteration (1G) communication standards migrated to
secondgeneration (2G) services, they were required to purchase negord@atible devices, rendering the
previous equipment obsolete. Likewise, network operators also faced substantial hardware costs when
transitioning to newer generations due to differences in communication standards.

In response to these challenges, the idea emerged to create a flexible radio system that could be controlled
and reconfigured through software running on a hardware platform. In this concept, changes to radio
communication standards would only require software modifications rather than new hardware acquisition.

Mitola (1991) proposed a flexible radio system consisting of hardware and software platforms capable of
executing radio functions. This system supports the dynamic modification of communication standards through
software updates alone. The concept was later known as Software Defined Radio (SDR) (Mitola, 2000; Reed,
2002).

SDR is a type of radio that utilizes software to perform functions such as modulation techniques, wideband
or narrowband operations, communication security (e.g., frequency hopping), and waveform requirements for
current and future standards across broadband frequency ranges. In short, SDR is a technology in which
software runs on a hardware platform equipped with a Digital Signal Processor (DSP) or Field Programmable
Gate Array (FPGA) to implement radio functions such as modulation in the transmitter and demodulation in the
receiver entirely through software.

This concept began to materialize when Matt Ettus introduced an ffa€&d SDR platform named
Universal Software Radio Peripheral (USRP) version 1.0 in 2001 and version 2.0 in 2008 (Popescu, 2017). Both
USRP v1.0 and v2.0 were modular systems consisting of a main board and daughter boards with different
frequency ranges. In later developments, newer versions such as USRP B200, B210, and N210 were designed as
compact, normodular units capable of operating across a wide frequency&dngm DC up to 6 GHa and
featuring Analogto-Digital Converters (ADC) and Digiteb-Analog Converters (DAC) operating at speeds of
100 Ms/sec and 400 Ms/sec, respectively.

Parallel to the advancement of SDR technology through the USRP series, in 2016, a new SDR variant
known as RTESDR began to enter the market. The RIDR functions as a radio and television receiver
equipped with a USB interface for computer connectivity. Both USRP andSPIR platforms demonstrate the
core characteristics of SDR technology: flexibility, reconfigurability, and reprogrammability, allowing hardware
platforms to be dynamically adapted for various wireless communication systems (Mitola, 2000; Reed, 2002).

SDR technology can be implemented in both military and commercial radio applications. Furthermore, its
use has expanded to a wide range of wireless communication standards, including Bluetooth, WLAN, GPS,
Radar, WCDMA, GPRS, CDMA, and GSM. These applications illustrate the versatility and transformative
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potential of SDR in supporting mukitandard, softwardriven communication environments suitable for next
generation systems such as 5G and 6G.

Software Defined Radio (SDR)

Figure 1 illustrates the general architecture of a Software Defined Radio (SDR) system (Riyanto et al.,
2007). The SDR architecture consists of an antenna, a wideband RF signal amplifiert@dadgl (ADC)
and digitatto-analog converters (DAC) for higinequency RF signals, and a Field Programmable Gate Array
(FPGA) processor.

In the SDR receiver configuration, the analog RF signal captured by the antenna is first amplified by the
wideband RF amplifier. The analog RF signal is then converted into a digital RF signal by the ADC.
Subsequently, this digital RF signal is processed by adpgkd digital signal processor (DSP) or FPGA, which
performs radio receiver functions through software algorithms. The processor output is a digital information
signal identical to the information transmitted by the sender.

Conversely, the SDR transmitter operates in the opposite manner. The digital information signal is processed
by the DSP to perform digital modulation and other signal processing functions, resulting in a digital RF signal.
This digital signal is then converted into an analog RF signal by the DAC and amplified using a wideband RF
amplifier before being transmitted via the antenna.
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IF Signal Baseband
Wideband Channelization [ Pmc;e:..dsr{gacl?am = Demodulation [— pg;\;ng
Antenna

Wideband RF Front =
rocessor and
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Analog Digital

i 1
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i Processing (if (-8 Modulation |-  Signal i
i nesded ) Processing i
I 1
i =cilial i

Transmitter (Tx)
FIGURE 1. General SDR Architecture.

Based on this description, it is evident that the SDR platform can execute multiple radio functions depending
on the software implemented by the processor. This demonstrates that SDR possesses flexibility,
reprogrammability, and reconfigurability (Mitola, 2000).

In practical implementation, SDR provides several advantages when used as a data communication gateway
in Internet of Things (1oT) systems, including:

1. Flexibility i radio functionality can be modified or reconfigured through software without changing
hardware components.
Multiservice capabilityi a single radio device can support multiple communication services.
Multistandard operatiofi SDR can operate across various communication standards such as GSM,
AMPS, GPRS, DECT, GPS, WCDMA, CDMA, and WiMAX.
4. Multiband supporti the system can operate over a wide range of frequencies, extending up to the
gigahertz (GHz) range.
5. Reconfigurability i the system configuration can be modified dynamically to adapt to different
communication standards.
6. Reprogrammabilityi software updates can be downloaded and installed without requiring new
hardware.

SDR systems can adapt to different wireless communication staédawtiband and multistandadd
without requiring new physical hardware. As commercial wireless networks evolve from 2G to 2.5G/3G, 4G,
5G, and eventually 6G, each generation introduces uniqudaljgk protocols. These variations often create
compatibility challenges for consumers, network operators, and equipment vendors. SDR technology mitigates
these challenges by requiring only software updates on the DSP or FPGA processors, rathestithan c
hardware replacements. Consequently, users are no longer compelled to purchase new handsets for each new

2.
3.
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generation, and network operators can reduce infrastructure costs during standard migration, as the same
hardware can support multiple generations through softdefieed configuration.

Furthermore, SDR systems provide operational simplicity. Selecting or switching radio systems merely
requires activating the desired software module. Similarly, developing new radio systems or services can be
achieved efficiently through software design and testing. SDR technology also supports the advancement of
radio communication by bridging different air interfaces and-layer protocols used across regidrfsr
instance, GSM/TDMA networks prevalent in Europe versus IS95/CDMA networks dominant in the United
States. Such compatibility allows global interoperability for mobile users traveling internationally.

In addition, SDR technology supports owbke-air (OTA) software updates for user devices, enabling
network operators to function similarly to handset vendors. Operators can perform mass customization of
handsets by remotely uploading updated software versions, thereby accelerating the deployment of new
services. Manufacturers can also enhance system performance and address deficiencies by distributing improved
software versions directly to entber devices.

Despite its many advantages, SDR also presents certain challenges. It requires -Bidframd antenna
systems capable of supporting multiple frequency bands and transmission power levels associated with various
radio systems. The ADC used in SDR must meet specific criteria to handle diverse radio environments,
including:

1. A high sampling rate (above 100 mega samples per second, MSPS) to accurately capture RF signals.

2. A wide dynamic range, adaptable to different communication systems (e.g., approximately 91 dB for

GSM).

3. A high bit resolution, ideally 12 bits or more.

4. Minimal error sources, such as low jitter, reduced thermal noise, and minimal quantization errors.

In summary, SDR represents a transformative technology in wireless communication systems, offering
flexibility and adaptability that align with the continuous evolution of network standards from 4G toward 5G
and 6G networks.

Universal Software Radio Peripheral (USRP)

Mitolads vision began to mat er i-hdsad BatwanerDefimed Radio t Et tu
(SDR) known as the Universal Software Radio Peripheral (USRP), version 1.0 in 2001 and version 2.0 in 2008
(Popescu, 2017). The USRP v1.0 and v2.0 were designed as modular systems, consisting of a main board and
interchangeable daughter boards, each supporting different frequency ranges.

In subsequent developments, newer versions of the USRP became more compactraodutan such as
the B200, B210, and N210 series. These models offer frequency coverage from DC up to 6 GHz, with Analog
to-Digital Converters (ADC) and Digiteb-Analog Converters (DAC) operating at sampling rates of 100 Ms/s
and 400 Ms/s, respectively.

As SDR technology evolved through the USRP platform, a more affordable alternative appeared in 2016
with the introduction of RTLSDR, a lowcost SDR receiver for radio and television signals featuring a USB
interface for computer connectivity. Both USRP and FIIDR platforms exemplify the core SDR
characteristics of flexibility, reconfigurability, and reprogrammability, enabling a single hardware device to
perform diverse communication functions simply by modifying its software (Mitola, 2000; Reed, 2002).

SDR technology implemented through the USRP platform has found broad application across both military
and commercial domains. Beyond traditional radio communication -i&3Rd systems are now widely utilized
in Bluetooth, WLAN, GPS, Radar, WCDMA, GPRS, CDMA, and GSM technologies.

Figure 2 illustrates the USRP B210 AD9361, a fully compatible model within the Ettus USRP B210 series,
demonstrating higiperformance capabilities for broadband digital communication systems.

(@) (b)

FIGURE 2. USRP B210 AD9361 Compatible with USRP B210 Ettus:

(&) Rear view; (b) Front view.
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LoRa dan Arduino-Uno

In addition to using USRP for observing Software Defined Radio (SDR), this study employs the Arduino
UNO® R3 board as the data communication control platform and the LoRa RFM98W 433 MHz module as the
radio communication device. A vertical antenna is used in this setup. The vertical antenna was chosen because it
provides an omnidirectional radiation pattern, delivering equal signal strength in all directions. In contrast,
horizontal antennas, such as halve dipoles, exhibit maximum radiation primarily in the front and back of the
antenna (Kraus, 2003; Marpanaji, 2019; Marpanaji, 2023). This ensures greater flexibility in the positioning
between the Gateway and Node, as the radio waves are received consistently regardless of orientation.

The LoRa RFM98W 433 MHz module and Arduino UNO® R3 are assembled into both Gateway and Node
units. LoRa is a lowpower wireless technology operating over the radio spectrum. One key advantage of LoRa
is its long communication range despite low transmission power, which can exceed 1 km under optimal
environmental conditions. Its characteristics, including low power consumption, resistance to noise during data
transmission, and loagange capability between Gateway and Node, make LoRa particularly suitable for
Wireless Sensor Networks (WSN) and IoT applications.

There are several types of LoRa modules (Low Power Range Transceiver Modules). For example, HopeRF
Microelectronics produces modules such as RFM95W, RFM96W, and RFM98W, while Semtech manufactures
modules like SX1276 and SX1278. LoRa modules are available in different operating frequencies, including
433 MHz, 868 MHz, and 915 MHz, to comply with frequency regulations in different countries. In Asia, the
standard operating frequency for LoRa is 433 MHz (LoRa Alliance, 2024). Figure 3 illustrates the LoRa and
Arduino UNO® R3 units used in this study, showing the configuration for both the Gateway and Node units.

FIGURE 3. Wiring diagram of Arduino
with the LoRa RFM98W Module Breakout Board pins

Wireless Communication System Performance (Radio Communication System)

In wireless communication (radio communication), the performance of a communication system is
significantly influenced by key parameters such as the Path Loss Exponent (PLE) and Received Signal Strength
Indicator (RSSI). These parameters play a crucial role in determining the strength, quality, and coverage range
of the received signal.

1. Path Loss Exponent (PLE) is a measure of the signal power attenuation as it propagates through the air
from the transmitter to the receiver. The PLE provides insight into how a signal weakens depending on
distance and environmental conditions, such as free space, urban areas, or indoor environments. PLE
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values vary according to the type of environment and are often used in planning and estimating the
coverage range of communication systems, including Lwéed systems used in the Internet of

Things (IoT).
2. Received Signal Strength Indicator (RSSI) measures the power of the signal received by a wireless
devicebds antenna. RSSI values indicate how effect

and can be used to assess communication quality. High RSSI values indicate strong signals, whereas
low values indicate weak or poor signals. RSSI is also influenced by various factors, including the
distance between transmitter and receiver, physical obstructions, and signal attenuation.
By understanding PLE and RSSI values, communication planners can optimize wireless systems to operate
effectively in various environmental conditions and ensure strong and reliable signals for data communication
between wireless devices. The following sections provide a detailed explanation of PLE and RSSI.

Path Loss Exponent (PLE)

Radi o communication planning typically considers th
transmitted signal reaches the receiver while satisf
often referred to as the link budget, which accounts for channel losses and other components between
transmitter and receiver that reduce transmitted power. The reduction or loss of transmitted power as it
propagates through the air is referred to as path loss.

The freespace path loss can generally be calculated using the following equation (Khondoker Ziaul Islam et
al., 2019):

C

6 0o ™©O 6 0O O ¥ 1)

where:

L_FS= Free space loss (dB)

P_Tx= Transmit power (dB)

G_Tx=Transmit gain (dB)

L_Tx= Transmit loss (dB)

L_M= Media propagation loss (dB)

G_Rx= Receive gain (dB)

L_Rx= Receive loss (dB)

P_Rx= Received power (dB)

Using this equation, the coverage range of a LoRa Gateway can be estimated with-spadeepath

loss formula as follows (Debus, 2006; Dharmawan, 2016):

0 cgucn i@ ¢ i@ 2

where:

L_FS= Free Space Loss (dB)
d= Coverage distance (km)
f= Frequency of LoRa (MHz)

For the purpose of predicting RSSI values based on the known distance between the Gateway and

Node, equation (2) [11] can be appli@@dble 2.1presents the transmission constant values included in the Path
Loss Exponent (PLE) for various environments (Rappaport, 2002).

TABLE 1. Path Loss Exponent for Different Environments.

Environment Path Loss Exponen, n
Free space 2

Urban area cellular radio 2.7t035

Shadowed urban cellular radio 3to5

In building lineof-sight 16t01.8

Obstucted in building 4106

Obstucted in factory 2103

“Navigating the Human-Al Collaboration in Education: Challenges and Opportunities”




The 13™ International Conference on Educational Research and Innovation

Received Signal Strength Indicator (RSSI)

Received Signal Strength Indicator (RSSl)s a measure of the power received by the antenna from a
wireless communication device. RSSI values indicate the strength and quality of the received wireless signal. In
ot her words, RSSI measures how effectively a wirel
transmitted from the sender. This value can serve as a reference to determine whether the received signal is
sufficient for communication.

In addition to RSSI, power measurements in telecommunication systems are often expressed in dB (decibels)
or dBm (decibemilliwatts). The key difference is that RSSI is a relative index, while dBm represents an
absolute value of power in milliwatts (mW). RSSI is used to assess the relative quality of the signal received by
the user device but does not provide an absolute power level. RSSI values are influenced not only by transmitter
power but also by other factors such as path loss, antenna gain, and cable/connector losses [12]. Environmental
conditions, including distance and physical obstructions, also heavily affect RSSI: the farther the distance and
the more obstructions present, the lower the RSSI. This can impact the performance of LoRa systems (Tri
Wahyudi et al., 2022; Lilik Triyono et al., 2022).

RSSI values are expressed as negative numbers in detilehtts (-dBm). The RSSI can be calculated
using the following equation (L&houssaine Aarif et al
Aminah, 2021; Helmy Fitriawan et al., 2020):

YYY©® pullCQ 3)
where:
A= reference RSSI value measured at 1 m distand&in)
n= path loss exponent (free space = 2; Urban area cellular radid 3&Y
d= distance (m)

Based on the obtained RSSI values, the distance between the transmitter and receiver can be estimated using
the general formula (LoRa Alliance, 2024).

Q Qzpm - (4)
where:
d = distance between transmitter and receiver (m)
ab = reference distance (usually 1 m)
RSS/=reference RSSI ab
RSS/= measured RSSI at distange

This is equivalent to rewriting equation (4) as:

Q pT (5)

Table 2 presents RSSI levels corresponding to the quality of radio communication signals received by the
receiver, based on the signals transmitted. Signal quality is categorized into five levels: Very Strong, Very
Good, Good, Bad, and Very Bad, with Very Strong representing the highest signal quality and Very Bad the
lowest. These levels can serve as a guideline for assessing connectivity during data communication between
Gateway and Node.

TABLE 2. RSSI Signal LevelAsaad & Maghdid, 2022)

RSSI (dBm) Information
o o Very strong. The transmitter and receiv
distance is very close.
PN T Very good. Close coverage.
WH PTU Good. Some data are not accepted.

pTTU pPuU Bad. Can accept but often dropt.
ppuU pQgTm Very bad. Weak signal data is often lost.

RESEARCH METHOD

This study employed a development research method conducted in the laboratory, with field trials in open
areas once the system prototype was available. Experimental studies were also carried out to determine the
appropriate hardware requirements. The experimental scenarios followed the standard schematic of a radio




The 13™ International Conference on Educational Research and Innovation

transmitter and receiver (superheterodyne radio system), which served as the basis for experimenting with an
SDRbased IoT gateway system to communicate with l-b&sed 10T nodes. The block diagrams of the
transmitter and receiver and the system workflow are showigure 4.

Data transmission via radio waves requires several processes. The transmitter block performs multiple steps
to send data, starting with modulating the data with a-figduency carrier, followed by transmitting the
modulated signal through the assigned frequency channel. The receiver block performs demodulation to recover
the original data.

: Transmitter
Voice #i o, input
saurce | DS | Shannel [amenna || mum-
video [ 00 [ e | g2, |
amo) || T
Large-scale
=3 fading
Text Hello (path-loss ...)
Small-scale
fading
Channel (Multipath,
Doppler effects)
Interfererce
Noise

Voice il o, e Receiver

Video [

Text  wew . ®

FIGURE 4. Data Transmission Flow via Radio Waves.

The complete processes of the transmitter and receiver systems are illustraigdrén4, with detailed
explanations as follows.

Transmitter System

The transmitter system consists of source coding, channel coding & modulation, antenna array, and a
multicarrier transmitter. The main process in the transmitter is to provide digital data with the desired coding in
the source coding section. The resulting bitstream is then modulated at a specific RF frequency in the channel
coding & modulation section, generating a digital RF signal. Modulation is the process of sending data by
varying the amplitude, frequency, or phase of a signal, allowing the information to be effectively transmitted
and received. Next, the digital RF signal is fed into the antenna section as an analog RF signal to be transmitted
through the air. All of these processes are executed using software running on the SDR platform. An FPGA
processor is used for digital RF signal computation to implement radio functions such as modulation, ensuring
rapid processing without communication delays.

Receiver System

The receiver system consists of an antenna, channel estimation, equalizer, demodulation & channel
decoding, and source decoding. The main process at the receiver involves capturing the analog RF signal via the
antenna. The signal is then processed in the channel estimation section, which selects the appropriate frequency
and digitizes the analog RF signal into a digital RF signal. The digital RF signal is subsequently processed in the
demodulation & channel decoding section, where demodulation converts it back into a digital bitstream of the
information signal. Finally, the source decoding section reconstructs the original information from the bitstream.
Similar to the SDR transmitter, all processes in the receiver are performed using software running on the SDR
platform. The FPGA processor ensures that digital RF signal processing and demodulation occur without delays.

Figure 5illustrates the research roadmap over two years. The first stage involves preparation for the second
stage, including installing SDR software and setting up the USRP B210. The USRP B210 provides a fully
integrated Universal Software Radio Peripheral (USRRSingle Board platform, supporting a continuous
frequency range of 70 MHEk 6 GHz. This frequency range allows connectivity with GPS, WiFi, and cellular
networks, enabling transmission and reception of text, video, and image data.
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FIGURE 5. Research Roadmap.

The research workflow across the first, second, and third stages is outlined in tHéS&RPRand 10TWSN
roadmap. The first stage involves SDR experimentation using USRP, while on the other side, WSN experiments
use LoRa and various microcontrollers. This stage was completed in the previous year.

The second stage focuses on developing an -BBRP prototype at the laboratory scale for 5G
communication trials. Simultaneously, KWWSN development continues with WSN protocol development and
connection to the loT server. This stage is the primary focus of the current study.

The third stage integrates the outcomes of the first and second stages to advaii¢8RIDE/stems from
5G toward 6G, while simultaneously configuring WWISN to communicate with SDRSRP. This results in
the integration of SDRIJSRP with 10Ti LoRa + microcontrollers.

System Architecture
LoRa and Arduino UNO®R3

The first activity in this study was to develop a communication system using an Arduino Uno board as the
data communication processing base, paired with a LoRa RFM98W module operating at a frequency of 433
MHz. The antenna used was a vertical antenna with specifications shown in Table 3. This vertical antenna was
chosen because it has an omnidirectional radiation pattern, unlike horizontal antennas that radiate most strongly
in limited direction® for example, a halfvave open dipole antenna radiates primarily in the front and back of
its span (Kraus, 2003; Marpanaji et al., 2019; Marpanaji et al., 2023).

Using a vertical antenna allows greater flexibility in positioning the Gateway and Node, as it receives radio
wave radiation equally in all directionBigure 6 shows the physical appearance of the Gateway or Node unit
using Arduino UNO® R3 and LoRa RFM98W.

TABLE 3. Antenna Specification

Parameter Spesification
Frequency 433 MHz v MHz
Gain 3 dBi

Input Impedance | 50m

Polarization Vertical

Interface SMA connector
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FIGURE 5. LoRa and Arduino UNO® R3 Setup for Gateway and Node

The use of the LoRa RFM98W 433 MHz module for WSN or 10T development has become increasingly
common. Research on using LoRa modules with Arduino UNO® R3, NodeMCU ESP8266 (Arlingga Utama &
Agung Setia Budi, 2024), and even Raspberry Pi [8] is still ongoing, primarily in the experimental development
stage to achieve better results.

USRP and Computer Installation and Configuration

The USRP installation was carried out for 2 USRP units and 2 PC units. The operating system used was the
opensource Ubuntu 24.04.1 LTS, which can be downloaded titips://ubuntu.com/download/desktophe
installation steps, along with the required software to run the USRP B210 compatible with Ettus on a PC, refer
to the documentation provided by the GNU Radio community for USRP B210 AD9361 compatible with USRP
B210 Ettus. Once the installation and configuration were completed, the next step was to test the installation by
running demo applications previously developed by GNU Radio researd¢higise 6 shows the system
architecture for the installation and configuration of USRP B210 AD9361 compatible with USRP B210 Ettus
and the PC used in the experiments.

50 MHz¢ ¢ GHz

T L
USRP | USRP

FIGURE 6. USRP B210 AD9361 and PC System Architecture

The subsequent stage involved testing based on the results of the USRP B210 AD9361 and PC installation
and configuration, as will be described in the Results and Discussion section.

RESULTS AND DISCUSSION

LoRa i Arduino Testing

The architecture for observing RSSI values relative to the distance between the Gateway and Node using
LoRa and Arduino® UNO is shown iRigure 7. The Gateway unit is connected to a notebook to monitor the
RSSI values received, while the Node unit uses a battery so it can be moved during the observation process.
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FIGURE 7. RSSI Observation Architecture between Gateway and Node using LoRa and Arduino® UNO

RSSI measurements were conducted in a village/rural area with a maximum distance of 160 m between point
A (Gateway unit location) and point B (Node unit location). The GPS coordinates for point A, where the LoRa
Gateway unit was placed, aré.832904, 110.254841. The observation site is in Polaman Hamlet, Argorejo,
Sedayu, Bantul, Yogyakarta, Indonesia. The communication frequency of the LoRa module was set to 460
MHz. The farthest Node position from the Gateway was at GPS coordi7a831498, 110.254301. RSSI
measurements were conducted at distances from 1 m to 16@une 8 shows a map of the measurement
location as seen on Google Maps in satellite view.

FIGURE 8. Layout of GatewayNode Test using LoRa and Arduino® UNO

Table 4 presents the RSSI measurement results between the Gateway and Node over distances ranging from
1 m to 160 m, including predicted RSSI values, RSSI errors (difference between measured and predicted RSSI),
predicted distance, and distance errors (difference between measured and predicted distances). The RSSI
measured at a 1 m distance was dBm, while at 160 m it wad02 dBm. At a distance of 3 m, the measured
RSSI was43 dBm, consistent with previous data.

Distance Measurement (m) and RSSI Value Measurement (dBm) represent values obtained during the
observation. RSSI Value Calculation (dBm) was computed using Equation (3) based on measured distances.
Distance Calculation (m) was derived from Equation (5) using RSSI values from measurements. The n (PLE) in
this observation was taken as 2.7 for rural areas, and A is the RSSI when the Gateway and Node are 1 m apart,
which is-35 dBm. Subsequently, RSSI Error is calculated as the difference between RSSI Value Measurement
and RSSI Value Calculation, and the difference between Distance Measurement and Distance Calculation was
also computed.
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TABLE 4. Distance (m) and RSSI (dBm) Data for Gateww@Node Communication

n= 27
A= -35(dBm)
Distance RSSI Value RSSI V"’!'“e Error Distance Error Distance
Measurement (m) Measurement  Calculation RSSI Calculation (m) (m)
(dBm) (dBm) (dBm)
1 -35 -35 0,00 1,00 0,00
3 -43 -48 5,00 1,98 1,02
5 -56 -54 -2,00 5,99 -0,99
7 -65 -58 -7,00 12,92 -5,92
10 -69 -62 -7,00 18,17 -8,17
20 -73 -71 -2,00 25,55 -5,55
30 =77 -75 -2,00 35,94 -5,94
40 -76 -79 3,00 33,00 7,00
50 -78 -81 3,00 39,14 10,86
60 -79 -84 5,00 42,62 17,38
70 -79 -85 6,00 42,62 27,38
80 -83 -87 4,00 59,95 20,05
90 -82 -88 6,00 55,05 34,95
100 -89 -89 0,00 100,00 0,00
105 -91 -90 -1,00 118,60 -13,60
120 -92 -92 0,00 129,15 -9,15
130 -94 -93 -1,00 153,17 -23,17
140 -98 -93 -5,00 215,44 -75,44
150 -100 -94 -6,00 255,51 -105,51
160 -102 -95 -7,00 303,03 -143,03

Figure 9 illustrates the relationship between distance and RSSI values received by the Gateway when
communicating with the Node. Signal strength, expressed as RSSI, decreases exponentially with increasing
distance between the Gateway and Node, from 1 m to 160 m. This graph reflects the path loss characteristics of
a rural area with many houses and trees in residential yards. Using nonlinear regression, the distance (m) versus
RSSI ¢dBm) relationship can be approximated by the equation: ¢ @ yi 1o o ¢ Tt Wwith value'Y
T X TP

Distance to RSSI Value
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FIGURE 9. Relationship between Distance and RSSI between Gateway and Node
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Communication Testing Using USRP B210 AD9361

The next activity involved installing and configuring USRP B210 AD9361 compatible with Ettus B210
using PC computers. Software installation for each PC began with the installation of the Linux Ubuntu 24.04.1
LTS operating system, followed by supporting software for running the USRP B210 AD9361 compatible with
B210 Ettus, including Python, since some applications use Python for their user interface. Several software
libraries for USRP were also installdelgure 10 shows the system architecture used in the experiment.

Komputer PC/ Komputer PC/
Notebook Notebook

Antenna

Gelombang

FIGURE 10. USRPto-USRP Communication Architecture

Table 5 below shows the specifications of the personal computer (PC) used in the USRP B210 AD9361
experiment.

TABLE 5. Hardware specifications of the computer used.
Hardware Specification

CPU Intel i5-10400 (12) @ 4.300GHz

GPU: Intel CometLakeS GT2 [UHD Graphics 630]
Memory 8 GB

SSD 256 GB

Figure 11 below shows the hardware and software specifications of the operating system after the
installation process is complete.

labkom(@labkom

0S: [

Host:
Kernel:
Uptime: 2
Packages:
Shell:
Resolution:

DE:

WM: Ope
Theme: ¢
Icons:
Terminal:
Terminal Font:
CPU: Inte i5
GPU:

Memory:

FIGURE 11. Computer operating system hardware and software specifications.

After all software installations were complete, radio communication programs using USRP B210 were
tested. The antennas used were vertical antennas, similar to those used in the LoRa and Arduino UNO® R3
experiments, but with a frequency specification of 915 MHz. UBRPSRP communication experiments were
conducted at frequencies rangé 3.6 GHz. The results showed poor communication performance; the USRPs
could only communicate at a distance of approximate®/cm.

Several antenna types were then tested, including commonly used WiFi antennas at 2.4 GHz, but the results
were still unsatisfactory, with communication distances less than 5 cm. A more promising result was obtained
using 3G/4G/5G antennas with 12 dBi gain, which have a wide operating frequency range fronC&RID
MHz. Specifications of this antenna are showi afle 6.
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TABLE 6. Specifications of 3G/4G/5G Antenna, Gain 12 dBi, Frequencyi G800 MHz

Specification Details
Connector: SMA Male connector
Frequency range: 600-6000MHz
Gain: 12 dBi
SWR: less than 1.5
Impedance 50 ohm
Antenna length: 19.6 cm
Polarization mode: vertical polarization
Application; GSM/GPRS/5G/4G/3G/NBoT/DTU Network devices

Using the 3G/4G/5G antenna, the communication range between USRPs incredsdiinetersTable 7
summarizes the experimental results regarding successful USRP communication distances based on the antenna
used.

TABLE 7. Distance Between USRPs (meters) Based on Antenna Used

Antena type Distance between USRP
Antena 915 MHz 0,017 0,02 m
Antena WiFi 0,031 0,1 m
Antena 3G/4G/5G Upto10m

Figure 12 shows a photo of the experiment using the 3G/4G/5G antenna6@l® MHz, 12 dBi gain).
Communication between USRPs was successful at longer distances (1 to 10 meters).

= —_—

FIGURE 12. Experiment Photo Using 3G/4G/5G Antenna, i88@00 MHz, 12 dBi

USRP Antenna Testing

Following successful experiments with the 3G/4G/5G antenna, antenna specifications were tested using a
Vector Network Analyzer (VNA), Nano VNA vZigure 13 shows the measurement of the 3G/4G/5G antenna
characteristics using three frequency markers: 1.24 GHz, 3.07 GHz, and 3.64 GHz.
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FIGURE 13. Measurement Results of 3G/4G/5G Antenna Characteristic§ 600 MHz, 12 dBi) Using NanoVNA v2

Table 8 summarizes the antenna measurements at three different frequencies. Key parameters include
Impedance, tseries (H), Gseries (F), Roarallel (Ohm), Xparallel (H), VSWR, Return Loss (dB), Quality
Factor, S11 Phase (degrees), S21 Gain (dB), and S21 Phase (degrees).

TABLE 8. Summary of 3G/4G/5G Antenna Measurements at 1.24 GHz, 3.07 GHz, and 3.64 GHz

Parameter Freq. 1.24 GHz Freq. 3.07 GHz Freq. 3.64 GHz
Impedance 47.2 +j146 Ohm 52+j1.58 Ohm 63.8+j70.9 Ohm
Series L 18.801 pH 81.771 pH 3.0985 nH
Series C -876.22 fF -32.867 pF -617.01 fF
Parallel R 501.67 Ohm 52.059 Ohm 142.51 Ohm
Parallel X 20.704 nH 88.992 nH 5.6092 nH
VSWR 11.02 1.051 3.334
Return Loss -1.583 dB -32.024 dB -5.375 dB
Quality factor 3.102 0.03 1.111
S11 Phase 34.66 37.22 47.07
S21 Gain (dB) -74.140 dB -67.743 dB -48.737 dB
S21 Phase’f -177.66 90.0% -127.59

Based on the testing results, using standard communication frequencies for 3G/4G/5G technology is
relatively safe for USRP, especially at 3.60 GHz with VSWR = 3.334. The safest condition for USRP
experiments is at 3.07 GHz with VSWR = 1.051.

USRP Experiment for OpenBTS

This study also conducted OpenBTS experiments using USRP B210 AD9361 compatible with B210 Ettus.
System functionality can be observed using mobile phones. OpenBTS operates if surrounding phones recognize
the OpenBTS and list it in their detectable network. Experiments were conducted using standard 2G and 3G
OpenBTS frequencies: 900 MHz and 1.3 GHigure 14 shows the general architecture, whidigure 15
depicts the OpenBTS system architecture using USRP B210 AD9361 compatible with B210 Ettus.







































































































































































































































































































































































































































































































































































































