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Abstract: This study aims to develop and examine the effectiveness of an Al-digital competency enhancement
program for geography teachers, grounded in the TPACK-DBL (Technological Pedagogical Content Knowledge—
Design-Based Learning) framework. To this end, the eight principles of TPACK-DBL were refined in alignment with
the context of geography education and applied to a professional development program in which high school
geography teachers designed and implemented interactive geospatial teaching-learning web applications using R,

Quarto, and Shiny. Analysis of teacher surveys and qualitative data revealed that the participants experienced growth
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in their practical TPACK, shifting from a tool-selection approach to proactively designing and developing web

applications suited to specific instructional goals. However, many teachers encountered difficulties related to

programming and data processing, and these challenges were mitigated by the support of graduate teaching

assistants, whose technical expertise and pedagogical understanding played a crucial role in the program’s success.

Furthermore, classroom demonstrations with students indicated that the web-app-based inquiry activities fostered

engagement, motivation, and interaction, suggesting that digital tools can transform geography learning into a more

inquiry-oriented experience. These findings imply that Al-digital professional development should move beyond

tool training toward digital product design based on TPACK-DBL principles. The study also highlights the need for

institutionalized university-school partnerships and the development of adaptable instructional web app modules as

sustainable strategies for teacher professional learning.

Key words: TPACK-DBL, Al-digital competence, geography education, interactive teaching-learning web apps,

university-school collaboration
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