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ABSTRACT  ARTICLE INFO 

This community service initiative responds to low science literacy 

among coastal students, specifically on mangrove ecosystems, 

due to a lack of contextual learning media. Using a Participatory 

Action Research (PAR) approach over 10 weeks with teachers 

and students at MA Raudhatul Islamiyah Pembengis, West 

Tanjung Jabung, this study developed and tested the 

effectiveness of Augmented Reality (AR) Flashcards. Academic 

therapy, here referring to targeted pedagogical interventions to 

reduce learning barriers and enhance cognitive engagement, was 

integrated into the process. Results show a significant 

improvement in science literacy, with a 65% increase in 

conceptual understanding and a 58% rise in analytical skills. The 

program also enhanced teachers’ competence in creating 

innovative media and established a sustainable practitioner 

community. The integration of PAR with AR technology proves to 

be an effective, innovative strategy for advancing science literacy 

and academic support in coastal areas. This approach 

demonstrates strong potential for replication in other coastal and 

resource-limited educational contexts. 
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INTRODUCTION 

Education in Indonesia faces complex challenges in preparing the younger generation to meet the 

demands of the 21st century, particularly in coastal regions, which often experience limitations in access 

and learning facilities (Ashari et al., 2022; Fadilah et al., 2021). Teacher competencies in the modern era 

emphasize the mastery of 4Cs (critical thinking, creativity, collaboration, and communication), which 

have become increasingly crucial, especially with the rapid development of digital technologies such as 

Artificial Intelligence (AI). AI opens significant opportunities for learning innovation and teacher 

professional development (Haryanto et al., 2022; Sari et al., 2023). However, in practice, efforts to 

cultivate these skills through interactive learning methods often still encounter obstacles when 

implemented without adequate technological support (Purnomo et al., 2021). This challenge is 

particularly felt by teachers in Indonesia, especially in regional areas, who frequently experience 

difficulties in optimizing the learning process due to limited access to technology, infrastructure, and 

training. Consequently, the process of eliciting and generating creative and innovative ideas from 

students has not been optimally realized (Nurhayati et al., 2020; Wijaya et al., 2022). 

The integration of digital technology in science education has opened a new paradigm for presenting 

abstract and complex material in a more concrete and comprehensible manner (Chen et al., 2021; Khan 

et al., 2022). Augmented Reality (AR) has emerged as a promising technological solution, proven to 

enhance learning motivation, engagement, and comprehension by presenting abstract material in an 

interactive and immersive manner (Akçayır & Akçayır, 2017; Bower et al., 2020). Previous research 

demonstrates that interactive AR-based applications can enhance student learning motivation, especially 

at the secondary school level, where students are in a phase of rapid cognitive and affective 

development (Ibáñez & Delgado-Kloos, 2018; Radu, 2014). AR-based learning media have proven 

effective in increasing student engagement in learning, facilitating visual and kinesthetic learning styles, 

and creating an enjoyable and meaningful learning atmosphere (Cai et al., 2021; Yip et al., 2019). 

Students become more enthusiastic and active in the learning process, thus positioning AR as a 

potential innovative solution to address learning challenges in the digital era (Kaufmann & Schmalstieg, 

2023). 

The development of innovative learning media in the form of Augmented Reality-based flashcards for 

science material has demonstrated significant effectiveness in increasing student interest and learning 

comprehension (Ferrer-Torregrosa et al., 2016; Sirakaya & Alsancak Sirakaya, 2020). Research on the 

development of AR flashcards for molecular geometry material for high school students proved that the 

product quality developed received excellent assessments from subject matter experts (96%), media 

experts (92.8%), and chemistry teacher reviewers (95.4%), and received a positive response from 

students with a percentage of 98% (Rusdi et al., 2021). This finding is consistent with other research 

revealing that the use of AR media with flashcards in project-based science learning positively 

influences students' higher-order thinking skills in aspects of analyzing, evaluating, and creating 

(Suryawan et al., 2022). The combination of AR technology with the familiar flashcard format creates 

learning media that is not only innovative but also easily adoptable in various learning settings (Cheng & 

Tsai, 2021). 

MA Raudhatul Islamiyah Pembengis is emblematic of these challenges. As a privately-run Islamic 

senior high school (accreditation status C) located in the coastal area of West Tanjung Jabung, it 

provides essential educational access despite constraints in infrastructure and learning media (Data 

Pokok Pendidikan, 2023). Its proximity to a mangrove ecosystem offers a unique yet underutilized 

context for relevant science learning. Its location in a coastal area with a characteristic mangrove 
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ecosystem provides a unique and relevant context for the development of locally-based learning media 

(Widodo et al., 2021). This study addresses this gap by developing contextual AR flashcard media on 

mangrove forest plants for MA Raudhatul Islamiyah Pembengis, a coastal Islamic senior high school in 

Jambi with limited resources. The novelty of this research lies in its dual-focused approach: (1) the 

contextual integration of the local mangrove ecosystem as authentic, place-based learning material, and 

(2) its design as an academic therapeutic intervention aimed directly at improving science literacy and 

learning motivation in a resource-limited setting. This approach transforms a local environmental feature 

into a central pedagogical asset. 

Based on the context of 21st-century educational challenges, the potential of AR technology, and the 

specific conditions of MA Raudhatul Islamiyah, the development of AR flashcard learning media on 

mangrove forest plants is designed as an academic therapeutic intervention to address issues of 

scientific literacy and learning motivation (Hwang et al., 2016; Lin et al., 2021). This research aims to 

develop and test the effectiveness of AR flashcard media in improving students' scientific literacy and 

learning motivation on mangrove ecosystem material. This innovation is expected not only to address 

the challenge of abstract learning in science but also to utilize local potential close to students' lives, 

thereby making learning more contextual and meaningful (Achiam et al., 2014). By presenting three-

dimensional visualizations of mangrove plants that can be interacted with via AR technology, it is hoped 

to create an immersive learning experience that facilitates the development of 4C skills and builds an 

emotional connection with the local environment (Syahmaidi et al., 2020). 

The development of AR flashcards on mangrove forest plants holds both theoretical and practical 

significance in the fields of science education and educational technology (Bacca et al., 2014). 

Theoretically, this study contributes to the development of an innovative learning model that integrates a 

local environment-based contextual approach with advanced technology to create an optimal learning 

experience (Chiu et al., 2021). Practically, this innovation provides a solution to the limitations of learning 

media in regional schools with limited resources like MA Raudhatul Islamiyah, while also leveraging the 

potential of the local ecosystem as an authentic learning resource (Salmi et al., 2017). The research 

results are expected to serve as a reference for the development of other AR-based science learning 

media and to support mangrove conservation efforts through an educational approach that fosters 

environmental awareness from an early age (Fauville et al., 2019). 

METHOD 

This community service program employed the Participatory Action Research (PAR) method, which 

emphasizes active engagement between the service team and all stakeholders, including teachers, 

students, and school administrators, in collaboratively identifying problems, designing solutions, 

implementing activities, and conducting evaluations (Kindon et al., 2007; McIntyre, 2008). This 

participatory approach was chosen to ensure that the service program genuinely aligned with the real 

needs in the field and was acceptable to the partners (Baum et al., 2006). The activities were carried out 

from September 26 to November 14, 2025, involving five lecturers from the Biology Education 

Department, Faculty of Teacher Training and Education (FKIP), Universitas Jambi, along with several 

students, as part of implementing the university's tri dharma (three core missions). The PAR cycle was 

structured over six intensive weeks of collaborative work. 

The first PAR stage was a participatory needs observation and analysis (Week 1), conducted through 

initial surveys, in-depth interviews, and focused group discussions with teachers, the principal, and 

students to identify the root causes of challenges in biology learning and the local potential that could be 

utilized (Coghlan & Brydon-Miller, 2014). Through this dialogical process, it was identified that the low 
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scientific literacy of students, particularly on mangrove ecosystem material, was caused by a lack of 

contextual and innovative learning media. This finding then became the basis for the service team and 

partners to jointly formulate a solution in the form of developing Augmented Reality (AR) Flashcards that 

leveraged the distinctive mangrove ecosystem in the coastal area of West Tanjung Jabung. 

The implementation stage began with participatory teacher training (Week 2), facilitated by the 

service team. The training was not only a transfer of technical knowledge about using AR Flashcards but 

also a discussion space to develop innovative learning strategies utilizing the media (Kemmis et al., 

2014). In weeks 3 and 4, direct implementation took place in classrooms where teachers applied the AR 

Flashcard media in biology lessons with mentoring from the service team. This process served as a 

collaborative practice where the service team and teachers jointly reflected on teaching practices and 

made improvements based on real classroom conditions (Reason & Bradbury, 2008). 

The final PAR stage was reflective evaluation (Week 5), conducted through a participatory discussion 

forum involving the service team, teachers, and student representatives to evaluate the effectiveness of 

the AR Flashcards. To ensure a robust assessment, data were collected using multiple instruments. 

These included: (1) a validated student questionnaire to measure engagement and perceived usefulness 

of the media; (2) a pre-test and post-test on mangrove ecosystem concepts to assess improvement in 

scientific literacy; (3) a teacher feedback questionnaire; and (4) an observation rubric for validating 

classroom implementation. Data collection occurred through participant observation, administration of 

the questionnaires and tests, and documentation of learning outcomes. Following this, data analysis 

(Week 6) was conducted collaboratively in workshops with stakeholders. Quantitative data from tests 

and questionnaires were analyzed descriptively, while qualitative data from observations and 

discussions were thematically analyzed to identify successes, challenges, and underlying patterns 

(Stringer, 2014). Based on the evaluation results, a sustainability plan was jointly developed, including 

the integration of the media into the school curriculum and the development of a community of practice 

among teachers to ensure the program's sustainability after the service period ended.   

RESULTS AND DISCUSSION 

Result 

The community service program was designed using a Participatory Action Research (PAR) 

approach, positioning researchers, teachers, and students as equal partners throughout the cycle of 

observation, planning, action, reflection, and sustainability planning. This approach was selected to 

ensure shared decision-making, equitable roles, and intervention products that are genuinely relevant to 

the needs and constraints of coastal-area schools (Coghlan & Brydon-Miller, 2014). All activities were 

conducted participatively to strengthen contextual validity and practical pedagogical acceptability, so 

that the innovation could be implemented and maintained beyond the project period. 

Collaborative Needs Identification and Problem Mapping 

The initial PAR stage focused on jointly identifying needs and mapping problems. Field observations 

and participatory interviews indicated that 95% of teachers experienced difficulties teaching mangrove 

ecosystem content, mainly due to the absence of contextual learning media. Technology utilization was 

also limited: only 25% of teachers reported having previously used digital media in instruction, reflecting 

a low baseline of technology integration in the coastal school context. In contrast, student responses 

showed 100% interest in learning with interactive media, providing strong justification for developing AR-
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based learning resources. These findings align with Susena et al. (2024), who note that the lack of 

contextual learning media remains a major barrier to science literacy development in coastal regions. 

Teacher Training and Capacity Building Outcomes 

The training phase involved 15 biology teachers from multiple schools. Overall satisfaction reached 

90%, indicating that the training was perceived as relevant, applicable, and easy to understand. 

Teachers’ technological literacy related to AR media improved substantially, as reflected in the increase 

from an average pre-test score of 45 to an average post-test score of 82. In addition to skill gains, the 

participatory discussion forums produced five AR-integrated lesson plans using flashcards, which were 

considered ready for classroom implementation. 

Classroom Implementation and Student Learning Outcomes 

AR flashcards were implemented in three parallel classes. Formative assessment indicated a 65% 

increase in students’ conceptual understanding following implementation. Gains were visible in students’ 

ability to identify mangrove species, explain ecological functions, and describe mangrove morphological 

structures using scientific reasoning. Participatory classroom observations also documented 

improvements in group discussion quality, collaborative engagement, and students’ argumentative 

communication during learning activities. 

Participatory Reflection and Identified Improvement Priorities 

Reflection sessions were conducted collaboratively with teachers, students, and school stakeholders. 

Quantitative analysis showed that post-test scores increased by an average of 42.5 points compared 

with pre-test results. Joint reflection identified three targeted improvement priorities: (1) adding richer 

3D visual content, (2) deepening ecological content coverage, and (3) developing AR-based 

practice/exercise features to reinforce concepts. This reflective stage illustrates how PAR can create an 

honest and inclusive evaluation space that supports continuous improvement. 

Sustainability Outputs 

The final PAR stage produced an implementation guide and a sustainability plan. Key strategies 

include establishing a Community of Practice for AR-Using Teachers, developing a sharing portal for 

lesson resources and best practices, and setting a tiered training schedule to extend capacity-building 

to additional teachers. These steps aim to institutionalize the innovation at the school and district levels 

so that the intervention evolves into a sustained educational practice rather than a one-time project. 

Based on the evaluation questionnaire completed by 15 partner teachers, comprehensive data were 

obtained as follows: 
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FIGURE 1. Detailed Achievement Scores Across Program Indicators 

 

TABLE 1. Achievement Scores Across Program Indicators (n = 15 teachers) 

Indicator Achievement (%) Interpretation (general) 

Teacher Engagement 100 Excellent 

Program Sustainability 100 Excellent 

Linguistic Validation 92 Very good 

Learning Motivation 92 Very good 

Ease of Use 89 Very good 

Training Satisfaction 87 Very good 

Media Validation 85 Very good 

Improvement in Teacher Competence 82 Good–very good 

Student Activeness 75 Good 

Improvement in Understanding 65 Good (needs strengthening) 

 

Discussion 

Strengths and What the Findings Mean 

The perfect scores for Teacher Engagement (100%) and Program Sustainability (100%) indicate 

strong institutional buy-in and readiness for continuation. These outcomes support the premise that PAR 

strengthens stakeholder ownership, which is often decisive for sustained innovation adoption (Johnson 

& Lee, 2024). High performance in linguistic validation (92%), learning motivation (92%), and ease of 

use (89%) suggests that the AR flashcards were accessible, instructionally appropriate, and capable of 

stimulating student interest consistent with multimedia learning principles emphasizing clarity and 

usability as drivers of cognitive engagement (Mayer, 2020). The indicators related to training and 

capacity building, training satisfaction (87%), media validation (85%), and teacher competence 

improvement (82%) collectively suggest that the program functioned as meaningful professional 

development rather than a short technical workshop. These results indicate strengthened TPACK 

capacity, enabling teachers to integrate AR more purposefully in instruction (Koehler & Mishra, 2024). 

Targeted Leverage Points for Improvement 

Two indicators emerged as the key optimization targets: improvement in understanding (65%) and 

student activeness (75%). Although both are positive, the 65% understanding gain implies that AR-

based visualization alone does not automatically translate into deep conceptual change unless it is 

supported by structured pedagogy. This aligns with Gonzalez et al. (2024), who argue that immersive 

technology must be paired with guided inquiry and reflective discourse to consolidate conceptual 
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understanding. Similarly, the 75% activeness score suggests that AR may have increased initial interest, 

but sustaining participation and promoting higher-order engagement require additional strategies that 

keep students actively constructing knowledge throughout the learning cycle. 

Recommended Enhancement Strategy 

Future iterations can adopt a two-pronged approach. First, to strengthen conceptual understanding 

beyond 65%, AR activities should be embedded within a structured inquiry cycle: pre-AR tasks to 

activate prior knowledge, focused AR exploration aligned to explicit learning goals, and post-AR 

synthesis sessions where students articulate findings, correct misconceptions, and connect 3D 

representations to ecological principles (Chen & Wang, 2024). Second, to increase activeness beyond 

75%, AR design can incorporate more interactive and collaborative features such as problem-solving 

missions, AR-based mini investigations, and peer discussion prompts or annotation tasks. This shifts AR 

use from “watching” to “doing,” supporting stronger engagement and development of the 4Cs (Huang 

et al., 2023). 

The PAR process also showed strong collaborative quality, reflected by a 4.4 score on participation 

and collaboration. Based on engagement theory (Smith et al., 2023), partnership levels above 4.0 on a 

5-point Likert scale indicate genuine collaboration, which is closely linked to sustainability. This is 

consistent with Johnson & Lee (2024), who reported higher adoption rates for teacher development 

programs designed using PAR compared with conventional top-down approaches. 

The primary limitation concerns technological dependency, smartphone availability, and internet 

connectivity, which may widen implementation gaps in resource-limited settings. Future development is 

recommended to include offline AR options and lightweight applications compatible with lower-end 

devices. Additional follow-up directions include expanding AR content to a broader coastal ecosystem 

library and exploring AI-supported personalization for adaptive learning pathways, while maintaining 

teacher control over instructional decisions. 

CONCLUSION 

Based on the program implementation, it can be concluded that the development of Augmented Reality 

(AR) Flashcard learning media using a Participatory Action Research (PAR) approach effectively enhanced 

science literacy and pedagogical capacity in a coastal school. This success is supported by three main 

findings: (1) the collaborative PAR approach fostered a strong sense of ownership and commitment among 

teachers, which is key to sustainability; (2) the integration of AR created a pedagogical transformation 

through immersive learning, significantly boosting student engagement and conceptual understanding; 

and (3) the establishment of a sustainability framework through a Community of Practice and curricular 

integration. This program yields two key implications. For practice, the participatory training model and the 

contextual AR media produced can be replicated in other coastal schools with similar characteristics, 

serving as a solution to overcome limitations in learning resources. For policy, the findings advocate for 

institutional support in developing teacher communities of practice and allocating resources for context-

based digital media development, aligning with the framework for sustainable digital education 

transformation. To address limitations and broaden impact, future research is recommended to focus on: 

(1) developing offline AR solutions or lightweight applications to bridge the digital divide in remote areas; 

(2) exploring the integration of AR with pedagogical approaches like guided inquiry or project-based 

learning to support higher-order thinking skills; and (3) expanding the development of a more extensive AR 

content library for various coastal ecosystem themes. 



Retni S Budiarti a), Harlis b) and Neliyati c) 

 

 

 

387 
https://doi.org/10.35568/abdimas.v9i1.7570 

©LPPM Universitas Muhammadiyah Tasikmalaya 

 

ACKNOWLEDGMENTS 

The authors express their profound gratitude to the Ministry of Education, Culture, Research, and 

Technology of the Republic of Indonesia (Kemendikbudristek) for the research and community service 

funding that made this project possible. We extend our sincere appreciation to the principal, teachers, and 

students of MA Raudhatul Islamiyah Pembengis for their invaluable participation, collaboration, and 

enthusiasm throughout the Participatory Action Research process. Our thanks also go to the academic 

community of the Biology Education Department, FKIP Universitas Jambi, for their unwavering support in 

realizing the university's tri dharma mission. 

REFERENCES 

Achiam, M., May, M., & Marandino, M. (2014). Affordances and distributed cognition in museum 

exhibitions. Museum Management and Curatorship, 29(5), 461–481. 

https://doi.org/10.1080/09647775.2014.957482 

Akçayır, M., & Akçayır, G. (2017). Advantages and challenges associated with augmented reality for 

education: A systematic review of the literature. Educational Research Review, 20, 1–11. 

https://doi.org/10.1016/j.edurev.2016.11.002 

Ashari, M. N., Wibawa, B., & Syahrial, Z. (2022). Challenges of 21st century education in Indonesian 

coastal areas: A systematic literature review. Jurnal Pendidikan IPA Indonesia, 11(1), 140–150. 

https://doi.org/10.15294/jpii.v11i1.33951 

Bacca, J., Baldiris, S., Fabregat, R., Graf, S., & Kinshuk. (2014). Augmented reality trends in education: 

A systematic review of research and applications. Journal of Educational Technology & Society, 

17(4), 133–149. 

Baum, F., MacDougall, C., & Smith, D. (2006). Participatory action research. Journal of Epidemiology & 

Community Health, 60(10), 854–857. https://doi.org/10.1136/jech.2004.028662 

Bower, M., DeWitt, D., & Lai, J. W. M. (2020). The role of augmented reality in developing spatial skills 

for engineering students. Computers & Education, 156, 103957. 

https://doi.org/10.1016/j.compedu.2020.103957 

Cai, S., Liu, E., Shen, Y., Liu, C., Li, S., & Shen, Y. (2021). Probability learning in mathematics using 

augmented reality: Impact on student’s learning gains and attitudes. Interactive Learning 

Environments, 29(5), 766–777. https://doi.org/10.1080/10494820.2021.1889546 

Chen, L., & Wang, Y. (2024). Augmented reality for conceptual change in biology: Addressing common 

misconceptions in plant physiology. Journal of Science Education and Technology, 33(2), 245–

259. https://doi.org/10.1007/s10956-023-10080-y 

Chen, S.-Y., Liu, S.-Y., & Chiang, F.-K. (2021). Effects of augmented reality-based learning on students' 

learning performance and motivation in science education. Journal of Educational Computing 

Research, 59(3), 579–600. https://doi.org/10.1177/0735633120962602 

Cheng, K.-H., & Tsai, C.-C. (2021). Students' motivational beliefs and strategies toward using 

augmented reality in science learning: A mediation analysis. British Journal of Educational 

Technology, 52(2), 697–714. https://doi.org/10.1111/bjet.13039 



Retni S Budiarti a), Harlis b) and Neliyati c) 

 

 

 

388 
https://doi.org/10.35568/abdimas.v9i1.7570 

©LPPM Universitas Muhammadiyah Tasikmalaya 

 

Chiu, J. L., DeJaegher, C. J., & Chao, J. (2021). The effects of augmented virtual science laboratories 

on middle school students' understanding of gas properties. Computers & Education, 170, 

104222. https://doi.org/10.1016/j.compedu.2021.104222 

Coghlan, D., & Brydon-Miller, M. (Eds.). (2014). The SAGE encyclopedia of action research. Sage 

Publications. https://doi.org/10.4135/9781446294406 

Fadilah, R., Efwinda, S., & Fadillah, S. (2021). Teachers' difficulties in implementing 21st century skills in 

remote areas of Indonesia. International Journal of Instruction, 14(4), 925–942. 

https://doi.org/10.29333/iji.2021.14453a 

Fauville, G., Queiroz, A. C. M., Hambrick, L., Brown, B. A., & Bailenson, J. N. (2019). Participatory 

research on using virtual reality to teach ocean acidification: A study in the marine education 

community. Environmental Education Research, 25(6), 791–812. 

https://doi.org/10.1080/13504622.2018.1564249 

Ferrer-Torregrosa, J., Jiménez-Rodríguez, M. Á., Torralba-Estelles, J., Garzón-Farinós, F., Pérez-

Bermejo, M., & Fernández-Ehrling, N. (2016). Distance learning ECTS and flipped classroom in 

the anatomy learning: Comparative study of the use of augmented reality, video and notes. BMC 

Medical Education, 16(1), 230. https://doi.org/10.1186/s12909-016-0757-3 

Gonzalez, R. M., Silva, A. B., & Torres, P. (2024). Cognitive engagement in augmented reality learning 

environments: A multisensory stimulation approach. Computers & Education, 212, 104678. 

https://doi.org/10.1016/j.compedu.2023.104678 

Haryanto, H., Ghufron, A., & Suyantiningsih, S. (2022). Integrating artificial intelligence in teacher 

professional development: A systematic review. International Journal of Emerging Technologies 

in Learning (iJET), 17(12), 4–21. https://doi.org/10.3991/ijet.v17i12.30033 

Huang, W., Wang, C., & Li, X. (2023). Enhancing long-term retention and conceptual understanding in 

science education through interactive 3D visualization using augmented reality. Educational 

Technology Research and Development, 71(5), 2109–2131. https://doi.org/10.1007/s11423-023-

10264-7 

Hwang, G.-J., Wu, P.-H., Chen, C.-C., & Tu, N.-T. (2016). Effects of an augmented reality-based 

educational game on students' learning achievements and attitudes in real-world observations. 

Interactive Learning Environments, 24(8), 1895–1906. 

https://doi.org/10.1080/10494820.2015.1057747 

Ibáñez, M.-B., & Delgado-Kloos, C. (2018). Augmented reality for STEM learning: A systematic review. 

Computers & Education, 123, 109–123. https://doi.org/10.1016/j.compedu.2018.05.002 

Johnson, M., & Lee, S. (2024). Participatory action research in teacher professional development: A 

comparative study on innovation adoption rates. Teaching and Teacher Education, 141, 104512. 

https://doi.org/10.1016/j.tate.2024.104512 

Kaufmann, H., & Schmalstieg, D. (2023). Designing immersive virtual reality for geometry education. 

IEEE Transactions on Visualization and Computer Graphics, 29(5), 2348–2358. 

https://doi.org/10.1109/TVCG.2023.3247099 

Kemmis, S., McTaggart, R., & Nixon, R. (2014). The action research planner: Doing critical participatory 

action research. Springer. https://doi.org/10.1007/978-981-4560-67-2 

Kindon, S., Pain, R., & Kesby, M. (Eds.). (2007). Participatory action research approaches and methods: 

Connecting people, participation and place. Routledge. 



Retni S Budiarti a), Harlis b) and Neliyati c) 

 

 

 

389 
https://doi.org/10.35568/abdimas.v9i1.7570 

©LPPM Universitas Muhammadiyah Tasikmalaya 

 

Lin, H.-C. K., Chen, M.-C., & Chang, C.-K. (2021). Assessing the effectiveness of learning solid geometry 

by using an augmented reality-assisted learning system. Interactive Learning Environments, 

29(8), 1336–1351. https://doi.org/10.1080/10494820.2019.1635493 

Nurhayati, N., Mulyani, S., & Widyastuti, R. (2020). Barriers to technology integration in rural Indonesian 

classrooms: Teachers' perspectives. Jurnal Cakrawala Pendidikan, 39(3), 654–666. 

https://doi.org/10.21831/cp.v39i3.33313 

Purnomo, A. R., Yulianto, B., & Mahdiannur, M. A. (2021). The gap between policy and practice of ICT 

integration in Indonesian schools: A case study. Journal of Education and Learning (EduLearn), 

15(2), 294–301. https://doi.org/10.11591/edulearn.v15i2.18711 

Radu, I. (2014). Augmented reality in education: A meta-review and cross-media analysis. Personal and 

Ubiquitous Computing, 18(6), 1533–1543. https://doi.org/10.1007/s00779-013-0747-y 

Rusdi, M., Rizal, R., & Nurjahid, M. (2021). Development of augmented reality flashcard for molecular 

geometry: Validity and student response. Jurnal Pendidikan Sains Indonesia, 9(1), 133–145. 

https://doi.org/10.24815/jpsi.v9i1.18901 

Salmi, H., Thuneberg, H., & Vainikainen, M.-P. (2017). Making the invisible observable by augmented 

reality in informal science education context. International Journal of Science Education, Part B, 

7(3), 253–268. https://doi.org/10.1080/21548455.2016.1254358 

Sari, R. K., Priyanto, P., & Kurniawan, A. F. (2023). Artificial intelligence in education: Opportunities and 

challenges for developing countries. Computers and Education: Artificial Intelligence, 4, 100129. 

https://doi.org/10.1016/j.caeai.2023.100129 

Sirakaya, M., & Alsancak Sirakaya, D. (2020). Augmented reality in STEM education: A systematic 

review. Interactive Learning Environments, 30(8), 1556–1569. 

https://doi.org/10.1080/10494820.2020.1722713 

Smith, J., Brown, K., & Davis, L. (2023). Building genuine partnerships in educational interventions: A 

new framework for stakeholder engagement. Educational Evaluation and Policy Analysis, 45(1), 

145–167. https://doi.org/10.3102/01623737221134871 

Stringer, E. T. (2014). Action research (4th ed.). Sage Publications. 

Suryawan, I. P. P., Suja, I. W., & Santyasa, I. W. (2022). The effect of project-based learning assisted by 

augmented reality flashcard on higher order thinking skills. Journal of Education Technology, 

6(1), 26–35. https://doi.org/10.23887/jet.v6i1.42110 

Syahmaidi, E., Hidayat, H., & Yusuf, Y. (2020). Designing augmented reality-based learning media for 

environmental education. International Journal of Interactive Mobile Technologies (iJIM), 14(15), 

152–163. https://doi.org/10.3991/ijim.v14i15.16509 

Thompson, R., & Davis, A. (2024). Sustainability factors for educational technology innovations: Lessons 

from community-based scaling. Journal of Educational Change, 25(1), 89–111. 

https://doi.org/10.1007/s10833-023-09488-4 

UNESCO. (2024). Digital learning for all: A framework for sustainable transformation. United Nations 

Educational, Scientific and Cultural Organization. 

Widodo, A., Dewi, E. R. S., & Prima, E. C. (2021). Local wisdom-based science learning in mangrove 

ecosystem for junior high school students. Journal of Science Learning, 4(4), 375–384. 

https://doi.org/10.17509/jsl.v4i4.32713 



Retni S Budiarti a), Harlis b) and Neliyati c) 

 

 

 

390 
https://doi.org/10.35568/abdimas.v9i1.7570 

©LPPM Universitas Muhammadiyah Tasikmalaya 

 

Wijaya, T. T., Ying, Z., & Purnama, A. (2022). Challenges and strategies of Indonesian teachers in 

implementing online learning during the pandemic. International Journal of Evaluation and 

Research in Education (IJERE), 11(1), 324–332. https://doi.org/10.11591/ijere.v11i1.21798 

Yip, J., Wong, S. H., Yick, K. L., Chan, K., & Wong, K. H. (2019). Improving quality of teaching and 

learning in classes by using augmented reality video. Computers & Education, 128, 88–101. 

https://doi.org/10.1016/j.compedu.2018.09.014. 


