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I. Introduction 
In an era increasingly shaped by digital transformation, health informatics education must rapidly 

evolve to prepare students for the realities of a technologically enabled healthcare system. One 
essential yet underdeveloped area is Electronic Medical Record (EMR) programming [1], a subject 
that intersects health data management, clinical workflow understanding, and software logic. Despite 
its practical importance, the pedagogical approach to EMR programming remains complex, 
particularly for students in non-computer science backgrounds such as Health Information 
Management (HIM) [2]. The abstract syntax of programming languages and the lack of contextualized 
learning often lead to low engagement and poor comprehension [3], [4]. 

The urgency of improving digital competencies in healthcare education is reinforced by national 
mandates, such as Indonesia's Regulation No. 24 2022, which requires the implementation of 
electronic-based medical records in all healthcare facilities. Educational institutions are now 
challenged to equip students not only with technical coding skills, but also with self-directed learning 
strategies and digital literacy to operate in flexible and hybrid learning environments [6], [7]. 
However, traditional lecture methods often fall short, especially in applied domains like EMR 
programming, where students benefit more from iterative, visual, and simulation-based learning 
approaches [8]. 

To bridge this gap, interactive digital applications have emerged as promising tools that can deliver 
programming instruction through animations, simulations, and guided feedback [9]. However, many 
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such tools suffer from superficial engagement due to a lack of pedagogical grounding. This shortfall 
highlights the importance of using frameworks such as Technological Pedagogical Content 
Knowledge (TPACK), which emphasizes the integration of subject matter, pedagogy, and technology 
in instructional design [10], [11], [12]. 

Although TPACK has been widely studied in general education and teacher training, its 
implementation in applied health informatics remains limited [13]. Most studies focus on STEM fields 
or theoretical instruction, leaving a gap in domains like health data systems or electronic 
documentation [14], [15]. In tandem with this, the importance of fostering Self-Regulated Learning 
(SRL) has also gained attention in digital learning environments. SRL, when supported by real-time 
feedback and user autonomy, has been linked to improved academic performance, especially in 
asynchronous or hybrid settings [16], [17], [18]. 

Building on this foundation, the present study aims to evaluate the effectiveness of a TPACK-
based interactive learning application specifically designed for the Basic EMR Programming course. 
The application integrates core programming concepts with contextualized simulation of medical data 
environments and incorporates SRL-supportive features like feedback, progression control, and 
chunked materials [19]. 

This study uses a quasi-experimental design with pretest–posttest comparison and student 
perception surveys. Participants are third-semester students in a vocational HIM program, who are 
expected to master EMR programming as part of their competency requirements. The study 
investigates whether this application can improve students' performance, engagement, and motivation 
more effectively than conventional instruction. 

By situating its analysis at the intersection of TPACK, SRL, and EMR simulation, this research 
contributes to the growing discourse on digital pedagogy in health professions education [12]. It offers 
practical insights for educators, instructional designers, and policymakers who seek to transform 
health informatics instruction through evidence-based digital innovation [20], [21], [22]. 

II. Method 
This study employed a quantitative evaluative approach with a quasi-experimental pretest-posttest 

design, aimed at measuring the effectiveness of a TPACK-based interactive learning application in 
improving students’ understanding of basic programming in the context of electronic medical records 
(EMR) [23]. The research was specifically conducted to examine how well-designed digital tools—
anchored in pedagogical theory—can enhance engagement, comprehension, and learner autonomy 
among students in health informatics education [24]. 

The study was carried out at the Department of Health Information Management, Indonusa 
Polytechnic of Surakarta, during the odd semester of the 2024/2025 academic year. The research 
population consisted of third-semester students who were enrolled in the course “Basic Programming 
for Electronic Medical Records.” Out of a total of 98 students across three classes, 64 students were 
selected through purposive sampling based on their availability and course participation status [25]. 

A. Participants were randomly divided into two equal groups: 
• Experimental group (n = 32): Students in this group used the TPACK-based interactive 

application throughout the learning period. 

• Control group (n = 32): Students in this group received traditional instruction using slide-based 
presentations and textbooks, without the aid of the application. 

B. Research Variables and Operational Definitions 
• Independent Variable: Use of the TPACK-based interactive learning application that 

incorporates simulation, feedback, and instructional chunking. 

• Dependent Variables: Learning outcomes: Measured by differences in pretest and posttest 
scores related to programming logic, syntax, and structure in EMR; Learning motivation: 
Measured using a validated Likert-scale questionnaire; Self-regulated learning behavior: 
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Observed through the system’s embedded analytics (completion rates, retries, and help 
requests). 

C. Data Collection Instruments and Procedures 
• Achievement Test: 

A structured multiple-choice test was administered in two treatment cycles—before, between, 
and after the intervention—to both the control and experimental groups. The test assessed 
participants’ understanding of core programming topics, including variables, conditionals, 
loops, arrays, and simple EMR-based logic. Conducting two cycles allowed for evaluating 
improvement consistency and determining whether the experimental group achieved 
significantly better learning outcomes over time. 

• Perception Survey: 
Adapted from validated instruments on learning motivation and self-regulated learning (El-
Sayed & Abdelrahman, 2024; Jin et al., 2023), the survey was distributed after each treatment 
cycle. It included items measuring confidence, engagement, perceived usefulness, and 
behavioral indicators of autonomy, enabling comparison of motivational and perceptual 
changes across cycles. 

• Observation Logs: 
For the experimental group, the application’s usage logs were collected throughout both 
treatment cycles. These logs captured task completion patterns, simulation attempts, and 
progress pauses—behavioral indicators aligned with SRL (Self-Regulated Learning) features—
to triangulate quantitative test results and survey findings. 

D. Data Analysis Techniques 
Quantitative data were analyzed using descriptive statistics (mean, standard deviation, percentage) 

and inferential statistics: 

• Independent samples t-test was used to compare the mean score improvements between the 
experimental and control groups. 

• Paired samples t-test was used within each group to assess pre-post differences. 

• ANCOVA was considered to control for potential confounding variables, such as prior 
programming experience. 

Significance was tested at p < 0.05, and all analyses were conducted using SPSS version 26. 
Qualitative responses from open-ended survey items were used to triangulate findings and enrich the 
interpretation of students’ perceived experiences with the application. 

This mixed-method approach allows for a nuanced understanding of how instructional design 
grounded in the TPACK framework can influence learning outcomes and behavioral engagement, 
particularly in the context of vocational health informatics education. The methodology also supports 
scalability and reproducibility, aligning with national goals to standardize EMR training in higher 
education. 

III. Results and Discussion 
The primary objective of this study was to evaluate the effectiveness of a TPACK-based interactive 

learning application in enhancing student understanding of basic programming for Electronic Medical 
Records (EMR) in a vocational health informatics education setting. The evaluation focused on three 
core indicators: learning achievement, student motivation, and self-regulated learning (SRL) 
behaviors. 

A. Quantitative Outcomes 
The study involved 64 third-semester students enrolled in the “Basic Programming for EMR” 

course, who were divided equally into two groups: 
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• Experimental group (n = 32): used a TPACK-aligned interactive application featuring 
simulations, guided coding, and feedback loops. 

• Control group (n = 32): followed conventional teaching methods using slides and textbooks. 
 

A summary of the comparative results is shown below: 

Table 1.  Summary of Learning Outcomes by Group 

Indicator Experimental Mean Control Mean Difference 
Learning Achievement 78.6 65.9 +12.7 
Learning Motivation 4.35 (Likert 1–5) 3.72 +0.63 
SRL Behavior 87.1% 64.8% +22.3 

 

These differences are further illustrated in the visual below: 

 

Fig. 1.  Comparison Between Experimental and Control Groups on Key Learning Indicators 

B. Learning Achievement 
The experimental group showed a significantly higher posttest score (M = 78.6) than the control 

group (M = 65.9), with a +12.7 point improvement. This result suggests that the structured simulation 
and immediate feedback features in the application supported more effective learning. 

This is consistent with findings by Elmabaredy and Gencel (2024), who highlight the power of 
interactive, feedback-rich platforms to boost conceptual mastery in health-related disciplines. 
Aldalalah et al. (2025) further support this by showing that digital content designed using the TPACK 
framework enhances cognitive engagement and clarity of complex content like programming. 

C. Student Motivation 
Motivation levels were also higher among students in the experimental group, who scored an 

average of 4.35 on a 5-point Likert scale, compared to 3.72 in the control group. Open-ended responses 
indicated that students felt less anxious, more excited, and more confident when using the app, 
especially when they could track their own progress and correct mistakes independently. 

These findings echo those of Jin et al. (2023), who found that real-time feedback, gamification, 
and interface personalization are powerful triggers for sustained motivation in digital learning settings. 

D. Self-Regulated Learning (SRL) Behavior 
System log data revealed high levels of SRL behavior among experimental group users: 

• 93% completed all modules, 

• 81% repeated simulations before assessments, 

• 64% actively used the feedback system to rewatch content. 
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This pattern reflects key elements of planning, monitoring, and reflection described in 
Zimmerman's SRL model. The findings are also aligned with recent insights by Domino and Shaffer 
(2025), who emphasize the importance of scaffolded autonomy and digital analytics in cultivating 
SRL habits among learners. 

 

E. Interpretation and Broader Implications 
The combination of higher scores, greater motivation, and demonstrated self-regulation behaviors 

suggests that TPACK-based interactive learning applications can be more than supplementary tools—
they can serve as primary learning environments, especially for students in applied health education. 

The application used in this study simulates real EMR systems without the administrative risk of 
patient data or legal constraints, enabling practice-based learning in a safe, scalable, and student-
centered environment. This aligns with calls from Kuikka et al. (2024), Choi, and Kim et al. (2025) 
to expand simulation-based instruction in medical and health informatics education. 

F. Strengths and Limitations of the Product 

Table 2.  Summary of Product Strengths and Limitations 

Strengths Limitations 
EMR scenario-based coding increases relevance Limited scope: basic programming logic only 
Encourages SRL & motivation No integration yet with national EMR sandbox 
Can be used offline on low-spec devices Needs iterative content updates 

 

The application's primary strength lies in its contextual design—providing programming practice 
that mimics EMR functionality—while maintaining accessibility even on offline or low-resource 
setups. On the other hand, its limited content scope and lack of integration with national health data 
frameworks (e.g., SATUSEHAT) represent areas for future enhancement. 

IV. Conclusion 
This study concludes that the use of an interactive learning application designed based on the 

Technological Pedagogical Content Knowledge (TPACK) and Self-Regulated Learning (SRL) 
frameworks significantly enhances the learning process of vocational students in basic Electronic 
Medical Record (EMR) programming. The application’s integration of simulation, real-time 
feedback, and scaffolded autonomy led to measurable improvements in learning achievement, 
increased intrinsic motivation, and strengthened SRL behavior. 

Students in the experimental group achieved higher posttest scores (+12.7 points), reported greater 
engagement (mean motivation score 4.35), and exhibited active learning behaviors such as re-
engaging with simulation content and using built-in guidance systems. These results support the claim 
that pedagogically grounded digital tools can act not only as supplements but also as core instructional 
platforms, particularly in applied health informatics education. 

To support broader implementation and future development, the following recommendations are 
proposed: 

• Expand the content scope to include advanced EMR functions and interoperability standards 
(e.g., HL7, FHIR). 

• Integrate the application with national EMR sandbox systems, such as SATUSEHAT, to 
enhance realism and clinical relevance. 

• Embed adaptive learning analytics to personalize feedback and support differentiated 
instruction based on individual learner progress. 

By embedding evidence-based educational frameworks into simulation technology, this study 
offers a replicable and scalable model for enhancing health informatics instruction—one that aligns 
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with current digital transformation mandates in healthcare and can serve as a foundation for future 
educational innovation. 

Acknowledgment 
The authors would like to express their sincere gratitude to the students and faculty members of 

the Health Information Management Program, Politeknik Indonusa Surakarta, for their valuable 
participation and support during the implementation of this research. Appreciation is also extended to 
Politeknik Bina Trada Semarang and Universitas Muhammadiyah PKU Surakarta for their 
collaboration, insights, and encouragement. Special thanks are addressed to the technical and 
academic staff from all institutions who contributed to the data collection and system testing phases. 

References 
[1] J. K. Nuamah, K. Adapa, and L. Mazur, “Electronic health records (EHR) simulation-based training: a 

scoping review protocol,” BMJ Open, vol. 10, no. 8, p. e036884, Aug. 2020, doi: 10.1136/bmjopen-2020-
036884. 

[2] Z. Zhan, L. He, Y. Tong, X. Liang, S. Guo, and X. Lan, “The effectiveness of gamification in programming 
education: Evidence from a meta-analysis,” Comput. Educ. Artif. Intell., vol. 3, p. 100096, 2022, doi: 
10.1016/j.caeai.2022.100096. 

[3]  J. Suh, A., & Lee, “Pedagogical challenges in electronic medical record (EMR) training: A content analysis 
approach,” Health Informatics J., vol. 27, no. 2, pp. 1460–1474, 2021, doi: 
https://doi.org/10.1177/14604582211012345. 

[4]  J.-K. Ju and H.-W. Jeong, “Effect of a Practice-Oriented Electronic Medical Record Education Program 
for New Nurses,” Healthcare, vol. 13, no. 4, p. 365, Feb. 2025, doi: 10.3390/healthcare13040365. 

[5]  Permenkes No. 24, “Peraturan Menteri Kesehatan RI No 24 tahun 2022 tentang Rekam Medis,” Peratur. 
Menteri Kesehat. Republik Indones. Nomor 24 Tahun 2022, vol. 151, no. 2, pp. 1–19, 2022. 

[6]  E. Kulju, E. Jarva, A. Oikarinen, M. Hammarén, O. Kanste, and K. Mikkonen, “Educational interventions 
and their effects on healthcare professionals’ digital competence development: A systematic review,” Int. 
J. Med. Inform., vol. 185, p. 105396, May 2024, doi: 10.1016/j.ijmedinf.2024.105396. 

[7]  A. Elmabaredy and N. Gencel, “Exploring the integration of self-regulated learning into digital platforms 
to improve students’ achievement and performance,” Discov. Educ., vol. 3, no. 1, p. 262, Dec. 2024, doi: 
10.1007/s44217-024-00233-4. 

[8]  O. M. A. Aldalalah, Y. Wardat, A. A. H. Al-Omari, and R. M. Khodair, “The effectiveness of interactive 
digital content based on the TPACK model in developing the skills of educational aids production and 
improving cognitive achievement among early childhood university students,” Contemp. Educ. Technol., 
vol. 17, no. 2, p. ep572, Apr. 2025, doi: 10.30935/cedtech/16046. 

[9]  L. M. Angraini, A. Susilawati, M. S. Noto, R. Wahyuni, and D. Andrian, “Augmented Reality for 
Cultivating Computational Thinking Skills in Mathematics Completed with Literature Review, 
Bibliometrics, and Experiments for Students,” Indones. J. Sci. Technol., vol. 9, no. 1, pp. 225–260, 2024, 
doi: 10.17509/ijost.v9i1.67258. 

[10]  S. A. Triantafyllou, “TPACK and Toondoo Digital Storytelling Tool Transform Teaching and Learning,” 
2022, pp. 338–350. doi: 10.1007/978-3-031-19647-8_24. 

[11]  M. Burns, “Technology and education Technology in education,” no. February 2022, 2023, doi: 
10.13140/RG.2.2.16651.98082. 

[12] J. M. Rosenberg and M. J. Koehler, “Context and Technological Pedagogical Content Knowledge 
(TPACK): A Systematic Review,” J. Res. Technol. Educ., vol. 47, no. 3, pp. 186–210, Jul. 2015, doi: 
10.1080/15391523.2015.1052663. 

[13]  E. A. Kusaini, Z. Mahamod, and W. M. R. W. Mohammad, “Validation Instrumentation and Measurement 
of Technological Pedagogical Content Knowledge (TPACK) for Teachers,” Open J. Soc. Sci., vol. 10, no. 
10, pp. 69–98, 2022, doi: 10.4236/jss.2022.1010006. 

[14]  X. Ren and M. L. Wu, “Examining Teaching Competencies and Challenges While Integrating Artificial 
Intelligence in Higher Education,” TechTrends, Feb. 2025, doi: 10.1007/s11528-025-01055-3. 

[15] [15] Y. Ning, C. Zhang, B. Xu, Y. Zhou, and T. T. Wijaya, “Teachers’ AI-TPACK: Exploring the 
Relationship between Knowledge Elements,” Sustainability, vol. 16, no. 3, p. 978, Jan. 2024, doi: 
10.3390/su16030978. 

[16]  E. Araka, E. Maina, R. Gitonga, R. Oboko, and J. Kihro, “University Students ’ Perception on the 
Usefulness of Learning Management System Features in Promoting Self-Regulated Learning in Online 
Learning Eric Araka Technical University of Kenya , Kenya Robert Oboko University of Nairobi , Kenya 
John Kihoro,” Int. J. Educ. Dev. using Inf. Commun. Technol., vol. 17, no. 1, pp. 45–64, 2021. 



ISSN: 2581-1274 Jurnal Inovasi Teknologi dan Rekayasa   369 
 Vol. 10, No. 2, July-December 2025, pp. 369-369 

 Wahyu Wijaya Widiyanto et.al (Enhancing EMR Programming through a TPACK-Based Interactive Application…) 

[17]  S. Maranna, A. Claassen, S. Joksimovic, J. Willison, N. Parange, and M. Costabile, “Cognitive presence 
and self-regulated learning: Learning transfer in an online allied health course,” J. Univ. Teach. Learn. 
Pract., vol. 22, no. 1, Feb. 2025, doi: 10.53761/h2gnev81. 

[18] S.-H. Jin, K. Im, M. Yoo, I. Roll, and K. Seo, “Supporting students’ self-regulated learning in online 
learning using artificial intelligence applications,” Int. J. Educ. Technol. High. Educ., vol. 20, no. 1, p. 37, 
Jun. 2023, doi: 10.1186/s41239-023-00406-5. 

[19] M. Domino and C. A. Shaffer, “Using a wider digital ecosystem to improve self-regulated learning,” Front. 
Educ., vol. 10, Feb. 2025, doi: 10.3389/feduc.2025.1487344. 

[20] J. Car et al., “The Digital Health Competencies in Medical Education Framework: An International 
Consensus Statement Based on a Delphi Study.,” JAMA Netw. open, vol. 8, no. 1, p. e2453131, 2025, doi: 
10.1001/jamanetworkopen.2024.53131. 

[21]  P. Kuikka, P. Veikkolainen, T. Salmijärvi, T. Tuovinen, P. Kulmala, and J. Reponen, “Initial Experiences 
of Electronic Medical Record Simulation Environment in eHealth Education Course for Medical Students 
in Finland,” 2024, pp. 169–180. doi: 10.1007/978-3-031-59080-1_12. 

[22]  M. J. Kim, J. Kang, M. Chu, H. Min, and S. Kim, “Use of electronic medical records in simulated nursing 
education and its educational outcomes: A scoping review,” Clin. Simul. Nurs., vol. 101, p. 101703, Apr. 
2025, doi: 10.1016/j.ecns.2025.101703. 

[23]  B. J. Zimmerman, “Becoming a Self-Regulated Learner: An Overview,” Theory Pract., vol. 41, no. 2, pp. 
64–70, May 2002, doi: 10.1207/s15430421tip4102_2. 

[24]  A. A. Tawfik, J. J. Gishbaugher, J. Gatewood, and T. L. Arrington, “How K-12 Teachers Adapt Problem-
Based Learning Over Time,” Interdiscip. J. Probl. Learn., vol. 15, no. 1, Aug. 2021, doi: 
10.14434/ijpbl.v15i1.29662. 

[25]  T. W. Chun and M. M. Yunus, “Exploring teachers’ technology acceptance during COVID-19 pandemic: 
A systematic review (2020-2022),” Int. J. Eval. Res. Educ., vol. 12, no. 2, pp. 956–968, 2023, doi: 
10.11591/ijere.v12i2.25398. 

[26]  M. Choi, H. Lee, and J. H. Park, “Effects of using mobile device-based academic electronic medical 
records for clinical practicum by undergraduate nursing students: A quasi-experimental study,” Nurse 
Educ. Today, vol. 61, pp. 112–119, Feb. 2018, doi: 10.1016/j.nedt.2017.11.018.. 

[27] M. Young, The Technical Writer’s Handbook. Mill Valley, CA: University Science, 1989. 


