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Abstract

This qualitative case study investigates vocational teachers' perceptions of artificial intelligence and
computational thinking integration in Indonesian secondary education. Seven vocational high school
teachers from West Java Province participated through semi-structured interviews, non-participant
observations, and document analysis following artificial intelligence training. The study employed an
interactive analysis model to examine teachers' attitudes, concerns, and implementation strategies
regarding artificial intelligence in educational contexts. Findings reveal positive teacher perceptions of
artificial intelligence as a learning support tool, with applications ranging from creative media
production to technical programming assistance. However, significant ethical and pedagogical
concerns emerged, including academic integrity challenges, potential student dependency, inadequate
prompt engineering skills, and risks of learning dehumanization. Teachers developed sophisticated
guidance strategies, positioning artificial intelligence as a verification tool while maintaining human
agency in learning processes. Supporting factors included personal initiative and professional learning
communities, while barriers encompassed limited infrastructure, absence of formal guidelines, and
varied digital competencies. The research contributes to understanding artificial intelligence adoption
challenges in Indonesian vocational education and provides insights for implementing artificial
intelligence skills curriculum policy. Results of the research are: (1) educators acknowledge significant
advantages of Al integration, especially in improving technical learning experiences and promoting
innovative educational endeavors, the integration of Al and computational thinking in the learning
process must also prioritize the appropriate pattern aspects and requires clear guidance from
stakeholders so that it can be implemented in the learning process; (2) ethical and pedagogical issues
arise as significant obstacles, encompassing abuses of academic integrity, threats of student
dependency, insufficient prompt engineering skills, and the potential dehumanization of learning
experiences; (3) educators demonstrate significant adaptability by formulating advanced guiding
systems that utilize Al as a verification and support mechanism while maintaining human agency in
educational decision-making.
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INTRODUCTION
The advancement of technology and the 4th industrial revolution have
positioned artificial intelligence as a fundamental pillar across all aspects of global
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transformation. The development of Al in education has emerged as a novel
innovation, bringing about changes in learning perspectives and patterns, both in
schools and classrooms (Hamid et al., 2022; Kavak et al., 2024; Polat, 2025; Sharma et
al., 2023). This condition has been welcomed by the Indonesian Government to
establish policies for implementing technology-based and Al-enhanced learning at
every educational level (Arifah et al., 2025; Deepa et al., 2022; Rusiana et al., 2024).
These policies reflect the government's strategic commitment to strengthening digital
literacy, computational thinking, and artificial intelligence ethics from an early age
(Herlandy et al., 2024; Majid et al., 2023; Roy et al., 2023).

The implementation of technology-based learning, Al support, and optimization
of deep learning approaches represents essential steps that must be developed in
every school. The government emphasizes the optimization of learning
achievement, making appropriate technological assistance a fundamental foundation
for optimizing competency acquisition in every learning process(Sharma et al., 2023;
L. Zhao et al.,, 2022; T. Zhao et al., 2024). Teachers are required to systematically and
comprehensively adapt to technological developments. However, this condition
presents potential challenges due to rapid technological advancement and the need
for increased adaptation (Caswita & Kristivan, 2022; Kristianto, 2021). Consequently,
teachers must maximize opportunities and competencies in implementing
technology-based learning in the classroom.

The concept of technology-based learning applied in vocational education
represents a primary step for students to acquire competencies. Through such
learning, vocational high school students must adapt to real world working conditions
and technological changes, particularly Al optimization (Gabsi, 2024; Polat, 2025).
Teachers must also guide students to avoid arbitrary Al usage and develop systematic
thinking capabilities (Choon Hui Neo et al.,, 2021; Herlandy et al., 2019). The
implementation of computational thinking constitutes an appropriate approach for
teachers to enable students to master the competencies being studied.

Recent studies indicate that Al adoption in education is significantly influenced
by teacher perceptions and readiness. Preservice teachers' attitudes toward Al
powered educational technology have potential impacts on learning outcomes (Zhang
et al., 2023). The integration of Al in education significantly aids educators, illustrated
by social robots that can enhance the results of students' educational engagement,
motivation, academic achievement, and social skills (Lampropoulos & Papadakis,
2025). Teachers and professors’ express discomfort with the potential for academic
misconduct through Al driven chatbots such as ChatGPT (Dempere et al., 2023; Yu et
al., 2024). In the Indonesian context, data shows that the number of teachers reached
3.033.38 million in the 2023/2024 academic year with extensive geographical
distribution (Badan Pusat Statistik Kabupaten Purwakarta, 2025). Furthermore,
research on the implementation of ChatGPT in educational environments might
improve competencies in practical subjects, such as mathematics and language, and it
is recommended to educate teachers and parents appropriately (Ugras et al., 2024,
2025). Challenges including digital competency gaps, infrastructure limitations, and
varying technological literacy remain prominent (Adel, 2024). National surveys
indicate that many non-ICT teachers still face barriers in utilizing learning
technologies (Majid et al., 2021; OECD, 2025a, 2025b).

Research gaps have been identified in the Indonesian context, where studies on
educational Al remain predominantly focused on higher education, while
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investigations into secondary education teachers' perceptions remain limited. Yet,
teachers constitute key actors in implementing Al policies at the school level. This
research contributes to filling this gap by exploring high school and vocational school
teachers’ perceptions regarding Al utilization in learning, encompassing aspects of
usefulness, ease of use, organizational support, competency readiness, as well as
ethical and pedagogical concerns.

METHOD

Research Design and Participant

This study employs a qualitative research method with a single case study
approach to investigate teachers' perceptions of Al and computational thinking
implementation in vocational education classrooms. The qualitative method is
particularly well-suited to understand and address research objectives related to
teacher perceptions in the application of Al and computational thinking in vocational
education settings (Cresswell & Poth, 2018).

The single case study design was selected for its capacity to provide indepth
examination of a specific phenomenon within its realworld context, allowing for
comprehensive exploration of complex social processes and meaningmaking activities
(Yin, 2018). This approach enables deep exploration of teachers' subjective experiences
with Al and computational thinking integration, capturing the nuanced ways
educators interpret, adapt, and implement these technologies within their specific
vocational education contexts.

The study involved seven vocational teachers from the Computer Network and
Telecommunication  Engineering (TJKT/Teknik Jaringan Komputer dan
Telekomunikasi) Competence Program in West Java Province, all of them were
members of the MGMP TJKT. The participant selection method used purposive
sampling, considering various factors, including observations of Al implementation
in the classroom, active engagement, comprehension of comprehensive Al utilization
in education, and contributions to enhancing student learning outcomes.

Data Collection

Data collection employed three complementary methods to ensure
comprehensive understanding. First, non-participant observation was conducted
during Al training sessions to observe teachers' interactions, engagement levels, and
spontaneous reactions to Al demonstrations. Second, semistructured indepth
interviews lasting 4560 minutes were conducted with each participant to explore their
perceptions, experiences, and attitudes toward AI integration. Third, document
analysis of policy frameworks, training materials, and institutional guidelines
provided contextual background for understanding the broader educational
technology environment.

Interview protocols covered key domains including prior technology
experiences, perceptions of Al benefits and challenges, ethical concerns, classroom
implementation strategies, and institutional factors affecting adoption. All interviews
were conducted in Indonesian, audiorecorded with consent, and transcribed verbatim
for analysis.

Data Analysis
Data analysis followed the interactive model by Miles et al., (2014) comprising
data collection, data condensation, data display, and conclusion drawing. The analysis
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process was conducted continuously with systematic coding of interview data and
verification of findings through triangulation across multiple data sources.

Initial coding employed open coding techniques to identify emergent themes,
followed by focused coding to develop refined categorical frameworks. Coded data
were organized into thematic matrices and concept maps to facilitate pattern
recognition and crosscase comparison. Triangulation across observation, interview,
and document data enhanced the credibility of interpretations, while member
checking procedures ensured accurate representation of participants' perspectives.
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Figure 1. Qualitative Data Analysis (Miles et al., 2014)

Validity and Ethics

The study employed several strategies to enhance trustworthiness, including
prolonged engagement with participants, triangulation of multiple data sources, and
maintenance of comprehensive audit trails. Detailed contextual descriptions enable
assessment of transferability to similar educational settings.

Ethical considerations included obtaining informed consent from all
participants, maintaining confidentiality through pseudonymization, and secure
storage of data accessible only to the research team. The research protocol received
appropriate institutional ethical approval, ensuring compliance with established
standards for educational research involving human subjects.

RESULTS AND DISCUSSION

Teachers' Perceptions of AI Benefits
Indepth interviews revealed positive teacher perceptions regarding the benefits
of Al as a learning support tool. Informant A from SMK xyz stated:

"Al is still relatively new. However, personally, since the emergence of
ChatGPT, I have been motivating students... I guide them to engage in (Fieldnote 44).
discussions specifically with AI"

This statement demonstrates an evolution in learning paradigm from oneway
information seeking to interactive dialogue with Al, where teachers acknowledge the
fundamental difference between Google, which "can only work one way" and Al,
which enables two-way discussions. This perspective is consistent with studies on
humanAI collaboration that emphasize complementarity (Al that complements,
rather than replaces, human functions) (Hemmer et al., 2025; Herath Pathirannehelage
et al., 2025).

Al implementation varies according to subject characteristics, reflecting
contextual pedagogical adaptation. In creative learning, Informant B explained:
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"We have an extracurricular activity where I teach students to use _
CapCutAl. Students learn to become speakers or MCs by reading, but (Fieldnote 48).
their eyes remain focused using AI"

This phenomenon aligns with digital literacy and multimodal literacy
frameworks (which emphasize the technical and cognitive abilities to think and
communicate effectively in digital environments); the use of Al to facilitate media
production demonstrates the need for technicalsocial competencies outlined in digital
literacy literature.

This implementation demonstrates Al utilization to overcome technical
presentation challenges while maintaining the essence of communication learning.
Meanwhile, in technical subjects, Informant D presented more complex applications:

" Al technology has been very helpful, for example, in network
engineering subjects... Students also receive guidance from Al or
ChatGPT in application development, coding something, interfaces, web
development, and even creating database flows"

(Fieldnote 54).

Researchers (Holstein & Aleven, 2022) investigated findings that support the
concept of humanAI complementarity in AIEDAI functions as technical augmentation
(advisor), while the teacher's role remains central for supervision and final
decisionmaking. However, teachers emphasize the importance of verification and
evaluation of Al results. Informant C explained:

"Even in programming learning, it is allowed but must be checked first.
Because there are several students who copypaste, and when compiled, (Fieldnote 50).
many errors occur"

This approach the methodology that promotes the development of critical digital
literacy skills crucial for the technological age, enabling students to transition from
passive information consumers to active evaluators. This highlights the necessity for
Al literacya framework of competencies that encompasses the skills to critically
evaluate, validate, and refine Algenerated outputsas articulated in current Al literacy
research (Long & Magerko, 2020).

Ethical and Pedagogical Concerns

Despite acknowledging the benefits, teachers identified serious concerns
regarding the ethical aspects of Al use. The primary concern is Al misuse during
academic evaluation. Informant E shared their experience:

"I have seen it used usually during exams. My student was working on
something during the exam, but when asked, they didn't understand. (Fieldnote 60).
That's when it became obvious they were using Al"

This finding reflects academic integrity challenges also found in global studies
on ChatGPT in higher education (Adnan et al., 2023). The second concern is potential
dependency that could reduce students' intrinsic motivation. Informant E further
explained:

" Al may be promoted, but I don't think it should be like that. Because

it makes people lazy when using AI" (Fieldnote 62).

Poor prompt engineering skills pose another significant challenge. Informant D
explained:
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"When I observe students using Al, they ask or give instructions like
'please make this' and that's it. That's insufficient in terms of prompt  (Fieldnote 58).
usage"

This indicates the need for more sophisticated Al literacy development, where
students not only use but also understand how to communicate effectively with Al
systems. A more fundamental concern is the potential dehumanization of learning.
Informant F emphasized:

"Al is humanmade, but it lacks humanity. So for searching

information, it's fine, but some people just accept it directly" (Fieldnote 65).

This perspective reflects teachers' awareness of the importance of maintaining
the essence of human interaction in learning, aligning with the human-centred Al
approach in education.

Guidance and Control Strategies

Facing these challenges, teachers developed various guidance strategies
reflecting pedagogical wisdom in the digital era. The primary strategy emphasizes
Al's position as a support tool. Informant G firmly stated:

"Therefore, we need to strengthen students' understanding that Al is
only a tool. It's not that the better Al becomes, the more automatic it is,
but human control exists. We, as the most perfect beings, must make
students aware of this"

(Fieldnote 68).

This approach reflects teachers' efforts to maintain human agency in the learning
process while utilizing technological advances. In technical learning, teachers
developed strategies for using Al as verification and correction tools. Informant F
explained their experience in teaching networking:

"When they configure and ask Al, there are definitely errors. So

sometimes I reverse the prompt, usually asking Al for suggestions

whether there are errors in my configuration. Because in Computer (Fieldnote 63).
Network Engineering, it's better if the configuration results come from

us, not AI"

This strategy demonstrates a sophisticated approach where Al is positioned as a
technical consultant, not the primary executor. Ethical usage aspects became the
primary focus of guidance strategies. Informant C emphasized:

"The point is the ethics of usage. We as teachers might need to be the
main party informing students about proper usage. We shouldn't let (Fieldnote 75).
students know first"

This proactive approach aligns with situated learning theory (Holstein & Aleven,
2022) where teachers serve as mentors in communities of practice responsible for
shaping technology usage norms. Teachers also developed context differentiation
strategies for usage. Informant D provided a concrete example:

"If students ask something like 'how to make firecrackers,' Al cannot '
answer that. But if in chemistry, asking about formulas for creating (Fieldnote 79).
burning effects still appears, that's where the teacher's role comes in. We
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tell students that scientific questions are allowed, but in the context of
seeking effects, not methods of creation"

This strategy demonstrates teachers' ability to develop nuanced ethical
judgment, distinguishing between legitimate scientific exploration and potential
misuse. And consistent with research on the role of professional learning
communities/communities of practice in facilitating technology integration and
collective teacher learning professional communities (MGMP) serve as sustainability
mechanisms for Al adoption (Liu et al., 2024).

Integration of Al and CT for learning

The learning undertaken by teachers amidst the challenges of the rise of Al in
schools can certainly be utilized by both teachers and students in the learning process.
Computational thinking is part of the introduction of logical flow that educators and
students can maximize through the learning process. This condition presents a major
obstacle because some teachers do not yet understand the flow of the computational
thinking process. Training computational thinking is very suitable for informatics
learning, which is currently being developed by the government. Informant D
provided a concrete example:

"The introduction of in-depth learning and the implementation of
informatics-based learning presents a significant opportunity for students
to improve their critical thinking skills. Of course, in practice, critical
thinking can also be integrated with computational thinking. Students
can perform well on a job if they consistently engage in learning. This
allows for optimal implementation of computational thinking."

(Fieldnote 81).

The teachers emphasized that computational thinking is not just about critical
thinking, but also about teaching students how to implement the pillars of
computational thinking. Students must be able to decompose (break down problems),
recognize patterns (find similarities), abstraction (focus on important details), and
algorithms (design solutions step by step). These concepts are presented starting with
simple, easy-to-understand everyday situations before moving on to more technical
or informational realms. Informant E emphasized this in the following conversation:

" Computational thinking isn't just about critical thinking. There are
four main pillars of computational thinking: decomposition, pattern
recognition, abstraction, and algorithms. Those who possess these skills
are highly adept at designing solutions that can be executed by humans or
computers, making them highly relevant in today's era, particularly when
integrating with AI. New students can integrate with AL"

(Fieldnote 84).

Integrating learning with an emphasis on Al requires students to first
understand the concept of computational thinking. This facilitates the process of
understanding logical flows and algorithms, thus facilitating competency acquisition.
Computational thinking-based learning can be applied to various subjects, such as
mathematics, and has been proven to impact student learning in the K-12 context (Ye
et al.,, 2023). Teachers can also develop effective learning processes by integrating
computational thinking into their learning processes (Listiaji & Molnér, 2025).
Therefore, in integrating Al in education through the concept of computational
thinking, it is necessary to have a clear framework, comprehensiveness and
regulations from stakeholders to be more appropriate in the learning process, so that
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later practical guidelines can be issued in the learning process (Aydogdu, 2024; Chick,
2025; Weng et al., 2024).

Supporting and Inhibiting Factors

The primary supporting factor is teachers' personal initiative and professional
communication support through MGMP (Subject Teachers' Council) groups.
Information about training and AI developments is disseminated through these
professional networks, demonstrating the role of communities of practice in
supporting technology adoption as explained in situated learning theory. The
established teaching community is highly helpful of the educational process and
facilitates the exchange of competencies among educators, assuring equal compliance
to learning standards. This community engagement is reinforced by the participation
of stakeholders from government, industry, and universities, each of them contribute
to the improvement of knowledge and educational materials for students. The
established teacher community can significantly impact the trajectory of learning, as
well as the school's vision and mission; therefore, the community's existence is
essential for solving the various challenges experienced by educators. The community
exercises a substantial impact including: the formulation of a collective vision and
transparency, the presence and lack of themes within the shared vision, the
relationship of tradition and creativity, the enduring character of educational
development, and the vision's participation in regular school activities (Karlsson et al.,
2025; Toikka & Tarnanen, 2024). The MGMP has an essential role, involving active
participation, as it facilitates collaboration among teachers in enhancing pedagogical
practices. This encompasses the development and implementation of teaching
programs, the creation and application of instructional materials, the adoption of
teaching methodologies, the evaluation of student learning processes and outcomes,
the optimization of the learning environment, classroom management, and other
educational activities (Bachtiar & Nirmala, 2023; Sumiyani, 2023).

The Indonesian Ministry of Primary and Secondary Education (Kemdikdasmen
of Indonesia) recently implemented a policy mandating the implementation of
Informatics and Coding & Artificial Intelligence courses (KKA) in schools. However,
Al implementation faces obstacles including limited digital infrastructure in some
schools, lack of formal Al usage guidelines, and variations in teachers' digital
competence. Several teachers still rely on personal initiative without adequate
institutional support. This aligns with previous research findings on technology
adoption barriers in Indonesian schools (Ng et al., 2023).

Prospects and obstacles of informatics learning and KKA to improve competency
for students

Research findings provide important insights for KKA (Kurikulum Keterampilan
Al/ Al Skills Curriculum) policy implementation. Teachers' positive perceptions of Al
indicate potential implementation success, but ethical and pedagogical concerns
suggest the need for comprehensive guidance strategies. Teachers require not only
technical training but also practical and contextual ethical guidelines. Developing Al-
based communities of practice in schools becomes key to implementation
sustainability. Teachers with positive experiences can mentor colleagues, creating a
multiplier effect in technology adoption. This aligns with bottom-up approaches
emphasizing the role of teacher agency in educational transformation. This approach
is effective for improving and cooperating in the collaborative definition of
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competencies, enabling educators to more easily acquire new knowledge. In this
bottom-up approach to practice renewal, outcomes are not preordained but generated
by the participants as they formulate comprehensive solutions to the tensions (Hyrkko
& Kajamaa, 2025). Despite the presence of robust hierarchical systems in school
administration, a trusting management community and collaborative efforts that
facilitate bottom-up feedback and opportunities for individual learning can foster
good change and sustain professional agency (Lau et al., 2025).

Currently, technological advancement is fast and automation has been
extensively implemented across all sectors, including industry and education. The
situation demands government action to enhance the educational system, particularly
through the integration of informatics, coding, and artificial intelligence (AI)
coursework (Iswara Sanantagraha et al., 2025; Kholifah et al., 2024; Mutohhari et al.,
2025). However, the current issue is the lack of informatics educators and courses
related to artificial intelligence subjects (Rasimin et al., 2024). Consequently, the
solution involves teachers either retraining or transitioning from other disciplines
(Rahmi et al., 2025). This situation necessitates assessment by stakeholders and
demands a thorough engagement of educators possessing informatics proficiency
capable of implementing Al and coding in education.

The MGMP TJKT provides an essential forum for educators, providing training
for teachers from that specific field of study. Nonetheless, the problem encountered
is the deficiency of educational resources required for teacher training, prompting
administrators to engage with the ICT sector and academic institutions. The MGMP
TJKT collaboration with the Axioo Class Program (ACP), a corporate social
responsibility program by Axioo in conjunction with the Information Systems and
Technology Education Study Program at Universitas Pendidikan Indonesia, aims to
enhance informatics competence. Collaboration among stakeholders (schools,
industry, and universities) is essential for implementing the link and match approach
and establishing sustainable competencies (Wahjusaputri et al., 2024). The link and
match idea is highly suitable for ensuring the sustainability of competencies and
eliminating disparities between educational institutions and industry (Lalanne, 2025).
Hence, graduates will possess real-time competencies aligned with market and
industry demands.

CONCLUSION

This research provides in-depth insights into vocational educators' thoughts and
experiences regarding the integration of artificial intelligence in Indonesian secondary
education contexts. The findings suggest a complicated situation in which teachers
demonstrate optimistic attitudes towards Al as an instructional tool, while
concurrently articulate significant apprehensions over its ethical ramifications and its
misapplications. The research highlights three key dimensions of educators'
perspectives. At first, educators acknowledge significant advantages of Al
integration, especially in improving technical learning experiences and promoting
innovative educational endeavors. Al applications range from fundamental
information retrieval to intricate programming support, showcasing versatility across
several domains. The integration of Al and computational thinking in the learning
process must also prioritize the appropriate pattern aspects and requires clear
guidance from stakeholders so that it can be implemented in the learning process.
Secondly, ethical and pedagogical issues arise as significant obstacles, encompassing
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abuses of academic integrity, threats of student dependency, insufficient prompt
engineering skills, and the potential dehumanization of learning experiences. Third,
educators demonstrate significant adaptability by formulating advanced guiding
systems that utilize Al as a verification and support mechanism while maintaining
human agency in educational decision-making. The study indicates that effective Al
integration necessitates more than the enhancement of technical skills. Educators
require extensive training that includes ethical principles, teaching methodologies,
and practical application directives. Professional learning communities, especially via
MGMP networks, function as essential support systems for knowledge exchange and
collaborative problem-solving in Al implementation procedures.

The implications for the implementation of the AI Skills Curriculum (KKA)
policy include the need for comprehensive strategies that tackle infrastructure
deficiencies, establish official usage protocols, and accommodate diverse levels of
instructor digital proficiency. The bottom-up method utilizing teacher agency and
peer mentoring is a viable model for educational reform.

RECOMMENDATION

Future research should explore the long-term effects of Al integration on student
learning outcomes and assess scalable professional development frameworks for
enhancing teacher Al literacy. Moreover, comparison analyses across various regional
contexts could yield profound insights into the contextual factors affecting Al uptake
in Indonesian vocational education environments. This study improves the existing
literature on Al in education by presenting culturally contextualized viewpoints from
Indonesian vocational educators, thereby offering pragmatic insights for
policymakers, educators, and researchers aiming for effective technology integration
in developing educational environments.

Acknowledgments

This article is a part of a research and Community service project funded by Directorate of Research
and Community Service (DPPM) Universitas Pendidikan Indonesia in 2025. Grateful is expressed to
Universitas Pendidikan Indonesia, Majelis Guru Mata Pelajaran (MGMP) TJKT Jawa Barat, Majelis
Pendidikan Dasar Menengah PDM Purwakarta, Axioo Class Program, Intel Skill for Innovation (SFI),
IT in Education Research Group, Center of Advanced Technology for Sustainable Education, and all
the other organisations involved in the completion of this research.

Funding Information

This research was funded by Funds for the Annual Work and Budget Plan Assignment of the
Universitas Pendidikan Indonesia Fiscal Year 2025, as stipulated by the Rector’s Decree number
443 /UN40/PT.01.02/2025 about the Recipients of the Research and Community Service Grants.

Author Contributions Statement

Name of Author C M So Va Fo 1 R D O E Vi Su P Fu
Nuur Wachid AM v v v v v v v
Ayu Permata Sari v v v v v v v v v 4
Muhammad Akda F v v v v v v v v v v
Reisa Aulia S v v v v o v v Vv

Moh Nor Azhari A v v v v v v

Mark Jhon R P v v v v

C : Conceptualization I : Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration
Va: Validation O : Writing - Original Draft Fu : Funding acquisition
Fo : Formal analysis E : Writing - Review & Editing

Jurnal Penelitian dan Pengkajian limu Pendidikan: e-Saintika, March 2026 Vol. 10, No. 1

| 10



Maijid et al. Vocational Teachers’ Insights on Artificial .........

Conflict of Interest Statement

The authors declare no conflict of interest and The funders had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to
publish the results.

Informed Consent
We have obtained informed consent from all individuals included in this study.

Data Availability
The data that support the findings of this study are available from the corresponding author upon
reasonable request.

REFERENCES

Adel, N. (2024). The impact of digital literacy and technology adoption on financial
inclusion in Africa, Asia, and Latin America. Heliyon, 10(24), e40951.
https:/ /doi.org/10.1016/j.heliyon.2024.e40951

Arifah, I., Dwi Kuncorowati, Suprapti, & Narimo. (2025). Integration of Artificial
Intelligence Technology in Indonesian Language Teaching: Innovative Solutions
in the Digital Era. Journal of Practice Learning and Educational Development, 5(1), 1-
5. https:/ /doi.org/10.58737/jpled.v5i1.405

Aydogdu, S. (2024). Computational Thinking Integration by Design-Based Learning
Perspective Implementation Example of Al In Integrating Computational Thinking
Through Design-Based Learning (pp. 63-81). Springer Nature Singapore.
https:/ /doi.org/10.1007 /978-981-96-0853-9_5

Bachtiar, B., & Nirmala, S. D. (2023). Exploring the Role of Professional Learning
Community on Teachera€™s Instructional Fits: A Voice of Indonesian Teachers.
Journal of Innovation in Educational and Cultural Research, 4(3), 511-522.
https:/ /doi.org/10.46843 /jiecr.v4i3.709

Badan Pusat Statistik Kabupaten Purwakarta. (2025). Jumlah Guru Menurut Tingkat
Pendidikan di Kecamatan Purwakarta Kabupaten Purwakarta. BPS Purwakarta.
https:/ /data.purwakartakab.go.id / dataset/detail/qY2PFawN

Caswita, C., & Kristivan, I. (2022). Increasing Teachers” Competence In Applying
Multi Learning Methods Through In House Training Activities at SDN
Sukamulya, Tasikmalaya City. Inovasi-Jurnal Diklat Keagamaan, 16(2), 99-106.
https:/ /doi.org/10.52048 / inovasi.v16i2.331

Chick, J. C. (2025). AI-Enhanced Computational Thinking: A Comprehensive Review
of Ethical Frameworks and Pedagogical Integration for Equitable Higher
Education. Education Sciences, 15(11), 1515.
https:/ /doi.org/10.3390/educscil5111515

Choon Hui Neo, Jee Khai Wong, Voon Chiet Chai, Yaw Long Chua, & Yeh Huann
Hoh. (2021). Computational Thinking in Solving Engineering Problems - A
Conceptual Model. Asian Journal of Assessment in Teaching and Learning, 11(2), 24~
31.

Cresswell, J. W., & Poth, C. N. (2018). Qualitative inquiry & research design: choosing
among five approaches (Fourth edition). SAGE Publications.

Deepa, V., Sujatha, R., & Mohan, ]J. (2022). Unsung voices of technology in school
education-findings using the constructivist grounded theory approach. Smart
Learning Environments, 9(1), 1. https:/ /doi.org/10.1186/s40561-021-00182-7

Jurnal Penelitian dan Pengkajian limu Pendidikan: e-Saintika, March 2026 Vol. 10, No. 1

| 11



Maijid et al. Vocational Teachers’ Insights on Artificial .........

Dempere, J., Modugu, K., Hesham, A., & Ramasamy, L. K. (2023). The impact of
ChatGPT  on  higher  education.  Frontiers  in  Education, 8.
https:/ /doi.org/10.3389/feduc.2023.1206936

Gabsi, A. E. H. (2024). Integrating artificial intelligence in industry 4.0: insights,
challenges, and future prospects-a literature review. Amnnals of Operations
Research. https:/ /doi.org/10.1007 /s10479-024-06012-6

Hamid, M. A., Aditama, D., Permata, E., Kholifah, N., Nurtanto, M., & Abdul Majid,
N. W. (2022). Simulating the Covid-19 epidemic event and its prevention
measures using python programming. Indonesian Journal of Electrical Engineering
and Computer Science, 26(1), 278. https://doi.org/10.11591/ijeecs.v26.i1.pp278-
288

Hemmer, P., Schemmer, M. Kiuhl, N., Vossing, M., & Satzger, G. (2025).
Complementarity in human-Al collaboration: concept, sources, and evidence.
European Journal of Information Systems, 1-24.
https:/ /doi.org/10.1080/0960085X.2025.2475962

Herath Pathirannehelage, S., Shrestha, Y. R., & von Krogh, G. (2025). Design principles
for artificial intelligence-augmented decision making: An action design research
study. European  Journal of Information  Systems, 34(2), 207-229.
https:/ /doi.org/10.1080/0960085X.2024.2330402

Herlandy, P. B., Al Amien, J., Pahmi, P., & Satria, A. (2019). A Virtual Laboratory
Application for Vocational Productive Learning Using Augmented Reality.
Jurnal Pendidikan Teknologi Dan Kejuruan, 25(2), 194-203.
https:/ /doi.org/10.21831/jptk.v25i2.26504

Herlandy, P. B., Sholihat, N., Pahmi, P., Majid, N. W. A., Azman, M. N. A,, & Ulwan,
A. N. (2024). Developing a Digital Module for Integrating Islamic and
Muhammadiyah Values with Pancasila in Vocational Education: A Sadiman
Method Approach. Indonesian Journal on Learning and Advanced Education, 6(2),
183-195.

Holstein, K., & Aleven, V. (2022). Designing for human-Al complementarity in K-12
education. AI Magazine, 43(2), 239-248. https:/ /doi.org/10.1002/aaai.12058
Hyrkko, S., & Kajamaa, A. (2025). Teachers’ transformative agency in a Change
Laboratory in a Finnish elementary school. Teaching and Teacher Education, 159,

105011. https:/ /doi.org/10.1016/j.tate.2025.105011

Iswara Sanantagraha, A., Leslie Hendric Spits Warnars, H., Prabowo, H., Sfenrianto,
S., & Puspitaloka Mahadewi, E. (2025). Al Ethics Implementation In Indonesia
Hospitals: Challenges Or Opportunities. International Journal of Science,
Technology & Management, 6(3), 478-485.
https:/ /doi.org/10.46729/ijstm.v6i3.1217

Karlsson, P. S., Shafti, F., & Duffy, K. (2025). The house of the business school: A
pragmatic approach to conceptualising learning community. The International
Journal of Management Education, 23(2), 101141.
https:/ /doi.org/10.1016/j.ijjme.2025.101141

Kavak, O. T., Giindiiz, S., Vural, C., & Enver, N. (2024). Artificial intelligence based
diagnosis of sulcus: assesment of videostroboscopy via deep learning. European
Archives of Oto-Rhino-Laryngology, 281(11), 6083-6091.
https:/ /doi.org/10.1007 / s00405-024-08801-y

Kholifah, N., Nurtanto, M., Mutohhari, F., Majid, N. W. A., & Fawaid, M. (2024). The
Role of Digital Technology Competency and Psychological Capital in Vocational

Jurnal Penelitian dan Pengkajian limu Pendidikan: e-Saintika, March 2026 Vol. 10, No. 1

| 12



Maijid et al. Vocational Teachers’ Insights on Artificial .........

Education Students: The Mediating Role of Entrepreneurial Self-Efficacy. Journal
of Technical Education and Training, 16(3).
https:/ /doi.org/10.30880/jtet.2024.16.03.017

Kristianto, A. (2021). Implementasi Axioo Class Program Berdasarkan Relevansi
Incheon Declaration Dalam Memajukan Pendidikan SMK di Indonesia. Global
Political Studies Journal, 5(2), 106-125.
https:/ /doi.org/10.34010/ gpsjournal.v5i2.5953

Lalanne, M. (2025). Social networks and job referrals in recruitment. Labour Economics,
97,102761. https:/ /doi.org/10.1016/j.labeco.2025.102761

Lampropoulos, G., & Papadakis, S. (2025). The Educational Value of Artificial
Intelligence and Social Robots. In G. Lampropoulos & S. Papadakis (Eds.), Social
Robots in Education: How to Effectively Introduce Social Robots into Classrooms (SCI,
Vol. 1194, pp. 3-15). Springer. https:/ /doi.org/10.1007 /978-3-031-82915-4_1

Lau, J., Vdhdsantanen, K., & Collin, K. (2025). The change and continuity of teachers’
professional agency: a two-year longitudinal study in the case of Hong Kong.
Asia Pacific Journal of Education, 45(4), 1230-1245.
https://doi.org/10.1080/02188791.2023.2283368

Listiaji, P., & Molnar, G. (2025). Integrating computational thinking into teacher
education: A systematic literature review. International Journal of Educational
Research, 133, 102682. https:/ /doi.org/10.1016/j.ijer.2025.102682

Liu, J., Aziku, M., Qiang, F., & Zhang, B. (2024). Leveraging professional learning
communities in linking digital professional development and instructional
integration: evidence from 16,072 STEM teachers. International Journal of STEM
Education, 11(1), 56. https:/ /doi.org/10.1186/s40594-024-00513-3

Long, D., & Magerko, B. (2020). What is Al Literacy? Competencies and Design
Considerations. Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems, 1-16. https:/ /doi.org/10.1145/3313831.3376727

Majid, N. W. A., Abukhair, A., Alfathin, A., Ummah, A. H., & Wardani, R. (2021).
Optimalisasi Pembelajaran Efektif di Rumah Saat Pandemi Covid-19 Kepada
Warga Persyarikatan Muhammadiyah Kabupaten Purwakarta. Indonesian
Journal of Community Services in Engineering & Education, 1(1), 1-7.

Majid, N. W. A,, Rafli, M., Nurjannah, N., Apriyanti, P., Iskandar, S., Nuraeni, F., Putri,
H. E., Herlandy, P. B.,, & Azman, M. N. A. (2023). Effectiveness of Using
Assemblr Edu Learning Media to Help Student Learning at School. Jurnal
Penelitian Pendidikan IPA, 9(11), 9243-9249.
https:/ /doi.org/10.29303 /jppipa.v9i11.5388

Miles, M. B.,, Huberman, A. M., & Saldafia, J. (2014). Qualitative data analysis: A methods
sourcebook (3rd ed.). SAGE Publications, Inc.

Mutohhari, F., Sudira, P., Pardjono, ., Suyitno, ., Warju, W., Isnantyo, F. D., & Majid,
N. W. A. (2025). Generic green skills: maturity level of vocational education
teachers and students in Indonesia. International Journal of Evaluation and Research
in Education, 14(1). https:/ /doi.org/10.11591/ijere.v14i1.29191

Ng, D. T.K,, Leung, J. K. L., Su, J.,, Ng, R. C. W., & Chu, S. K. W. (2023). Teachers” Al
digital competencies and twenty-first century skills in the post-pandemic world.
Educational ~ Technology  Research  and  Development,  71(1), 137-161.
https:/ /doi.org/10.1007 / s11423-023-10203-6

OECD. (2025a).  Education at a  Glance 2025. OECD  Publishing.
https:/ /doi.org/10.1787/1c0d9c79-en

Jurnal Penelitian dan Pengkajian limu Pendidikan: e-Saintika, March 2026 Vol. 10, No. 1

| 13



Maijid et al. Vocational Teachers’ Insights on Artificial .........

OECD. (2025b). Survey of Adult Skills 2023 Technical Report. OECD Publishing.
https:/ /doi.org/10.1787 /80d9f692-en

Polat, E. (2025). Artificial intelligence literacy, lifelong learning, and fear of innovation:
Identification of profiles and relationships. Education and Information
Technologies. https:/ /doi.org/10.1007 /s10639-025-13548-y

Rahmi, W., Azis, H., Nasar, 1., & Setiawi, A. (2025). Challenges and Solutions in the
Development of Educational Technology in Indonesia. Proceedings of the 4th
International Conference on Education, Humanities, Health and Agriculture, ICEHHA
2024, 13-14 December 2024, Ruteng, East Nusa Tenggara, Indonesia.
https:/ /doi.org/10.4108/ eai.13-12-2024.2355548

Rasimin, Semma, A. B., Zakiyuddin, Ali, M., & Helmy, M. 1. (2024). Multi-dimensional
challenges in the Indonesian social science information technology-based
learning: A  systematic literature review. Heliyon, 10(7), €28706.
https:/ /doi.org/10.1016/j.heliyon.2024.e28706

Roy, R., Azman, M. N. A., Kob, C. G. C,, Shah, A., Majid, N. W. A., & Fajrie, N. (2023).
Learning application development (android) on topics mechanical design for the
form 2 subject of design and technology. Proceeding of the 7th International
Conference on Green Design and Manufacture, 040035.
https:/ /doi.org/10.1063/5.0149270

Rusiana, Nuraeningsih, Sulistyowati, T., Syafei, M., Romadlon, F. N., Nucahyo, A. D.,
Agulan, L. P, Thongmark, N., Anna, S., Kurt-Taspmar, H., & Milad, A. A. (2024).
Book Clubs as a Pedagogical Tool for Developing Critical Thinking: Evidence
from an English Education Program in Indonesia. Indonesian Journal on Learning
and Advanced Education (IJOLAE), 350-364.
https:/ /doi.org/10.23917 /ijolae.v6i3.23663

Sharma, A., Rautela, R., Kumar, S., & Thakur, L. (2023). The Double-Edged Sword of
Al and Industrial Revolution 4.0. In Sustainable Technology for Society 5.0 (pp. 183-
196). CRC Press. https:/ /doi.org/10.1201/9781003365525-15

Sumiyani, S. (2023). The Impact of Teacher’s Involvement in MGMP on the Teachers’
Performance. PPSDP International Journal of Education, 2(2), 444-448.
https:/ /doi.org/10.59175/ pijed.v2i2.146

Toikka, T., & Tarnanen, M. (2024). A shared vision for a school: developing a learning
community. Educational Research, 66(3), 295-311.
https:/ /doi.org/10.1080/00131881.2024.2361412

Ugras, H., Ugras, M., Papadakis, S., & Kalogiannakis, M. (2024). ChatGPT-Supported
Education in Primary Schools: The Potential of ChatGPT for Sustainable
Practices. Sustainability, 16(22), 9855. https:/ /doi.org/10.3390/su16229855

Ugras, H., Ugras, M., Papadakis, S., & Kalogiannakis, M. (2025). Innovative Early
Childhood STEM Education with ChatGPT: Teacher Perspectives. Technology,
Knowledge and Learning, 30(2), 809-831. https://doi.org/10.1007/s10758-024-
09804-8

Wahjusaputri, S.,, Rahmanto, M. A., Suciani, S., & Kustantini, S. (2024).
Implementation of the 8+i link and match vocational school program. Journal of
Education and Learning (EduLearn), 18(1), 72-78.
https:/ /doi.org/10.11591/edulearn.v18i1.20829

Weng, X, Ye, H,, Dai, Y., & Ng, O. (2024). Integrating Artificial Intelligence and
Computational Thinking in Educational Contexts: A Systematic Review of
Instructional Design and Student Learning Outcomes. Journal of Educational

Jurnal Penelitian dan Pengkajian limu Pendidikan: e-Saintika, March 2026 Vol. 10, No. 1

| 14



Maijid et al. Vocational Teachers’ Insights on Artificial .........

Computing Research, 62(6), 1420-1450.
https:/ /doi.org/10.1177 /07356331241248686

Ye, H,, Liang, B., Ng, O.-L., & Chai, C. S. (2023). Integration of computational thinking
in K-12 mathematics education: a systematic review on CT-based mathematics
instruction and student learning. International Journal of STEM Education, 10(1), 3.
https:/ /doi.org/10.1186/s40594-023-00396-w

Yin, R. K. (2018). Case study research and applications: design and methods (6th Edition).
SAGE Publications, Inc.

Yu, C, Yan, ]J., & Cai, N. (2024). ChatGPT in higher education: factors influencing
ChatGPT user satisfaction and continued use intention. Frontiers in Education, 9.
https:/ /doi.org/10.3389/feduc.2024.1354929

Zhang, C., Schiefd], J., P168], L., Hofmann, F., & Gldser-Zikuda, M. (2023). Acceptance
of artificial intelligence among pre-service teachers: a multigroup analysis.
International Journal of Educational Technology in Higher Education, 20(1), 49.
https:/ /doi.org/10.1186/s41239-023-00420-7

Zhao, L., Li, W., & Zhang, H. (2022). Career Adaptability as a Strategy to Improve
Sustainable Employment: A Proactive Personality Perspective. Sustainability,
14(19), 12889. https:/ /doi.org/10.3390/su141912889

Zhao, T., Ye, L., Hu, Z., & Lian, X. (2024). Exploring the impact of positive reappraisal
on self-regulated learning in MOOCs: The mediating roles of control and value
appraisals and positive emotion. Computers in Human Behavior, 152, 108070.

https://doi.org/10.1016/j.chb.2023.108070

Jurnal Penelitian dan Pengkajian limu Pendidikan: e-Saintika, March 2026 Vol. 10, No. 1

| 15



