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ABSTRACT

Medical education requires systematic strategies to optimize the
incorporation of technology into educational strategies. A prominent
framework for achieving this integration is the Technological
Pedagogical Content Knowledge (TPACK) model. The advent
of Artificial Intelligence (AI) has significantly influenced all
aspects of education, impacting both teachers and students in their
academic endeavors. Integrating Al with TPACK has created a
new approach, the AI-TPACK framework, which is explored in
this study. By incorporating Al-specific knowledge and skills, this
framework enables educators to effectively utilize Al technologies
in their teaching, adapting to their students’ diverse contexts and
needs. The significance of this integrated model is underscored
by various studies that highlight AI’s transformative effects on
teaching and learning methods. A strong TPACK, combined with
Al tools, appears to enhance teaching outcomes and enrich learning
experiences. Furthermore, research demonstrates the crucial role
of Al-driven intelligent tutoring systems in improving student
performance in medical education by providing tailored feedback
and dynamically adjusting educational content to individual
learning needs. This article further investigates the transformative
influence of Al in medical and health sciences education through
the lens of the AI-TPACK framework. It explores how educators
can align technological innovation with pedagogical effectiveness
and content mastery to create meaningful learning experiences.
Additionally, it emphasizes the necessity of AI-TPACK while

addressing its advantages, considerations, and implications.
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Introduction

Accelerated Artificial Intelligence (Al)
progress has revolutionized numerous
disciplines, most notably the education field
(1). In medical and health sciences education,
Al has emerged as a transformative tool that
offers personalized learning experiences,
administrative efficiency, and data-driven
insights, among others. (2-4). As educational
institutions strive to prepare graduates for
the demands of modern medical education
environments, adopting frameworks that
facilitate the seamless integration of technology
into instructional methodologies is imperative.
One such framework is Technological
Pedagogical Content Knowledge (TPACK) (5).

While the TPACK framework has
proven effective for integrating technology
into education, the rise of Al requires an
evolution of this model to tackle emerging
challenges and seize new opportunities. This
perspective article introduces the AI-TPACK
framework (2, 4), an extension of TPACK that
includes Al-specific competencies designed
to help educators leverage Al technologies
for adaptive and personalized learning
environments. By merging Al capabilities
with pedagogical strategies and content
expertise, the AI-TPACK framework aims
to enhance teaching and learning outcomes
while addressing critical challenges such as
resistance to change, ethical considerations,
and equitable access to Al resources.

This article examines the transformative
role of Al in medical and health sciences
education through the perspective of
the AI-TPACK framework. It discusses
how educators can balance technological
innovation with pedagogical effectiveness
and content mastery to create meaningful
learning experiences.

The intersection of TPACK and Al
Advancements in Al technology have
prompted educators to rethink and improve
instructional methods in medical and health
sciences training programs. There is a new
requirement for systems to be employed to
meet students’ and employers’ expectations

within a technology-enhanced environment.
Medical and health programs must be able to
embrace change and implement technologies
that provide a personalized approach to
education in a way that can help prepare
graduates for work in a modern clinical and
health environment. One way to promote
career readiness is for medical and health
programs to adopt a cohesive approach using
the TPACK framework, which integrates
Pedagogical Knowledge (PK), Technological
Knowledge (TK), and Content Knowledge
(CK) (5). This framework is adopted from
Shulman’s Pedagogical Content Knowledge
(PCK) model, which highlights integrating
domain-specific  knowledge alongside
appropriate pedagogical strategies while
implementing technological approaches to
empower students through their learning
process and outcomes (5, 6). TPACK mainly
emphasizes incorporating technological
knowledge as a vital component of facilitating
teaching, particularly in personalization and
enhancing the practicality of teaching and
learning (7).

The TPACK framework provides a
foundational model for understanding
how technology and AI can enhance
teaching practices by identifying three core
components (5, 7):

* Content Knowledge (CK): Mastering
the subject matter and adjusting the content
based on the context and students’ needs
to be more engaging, evidence-based, and
practical.

* Pedagogical Knowledge (PK):
Implementing practical approaches to
transform teaching methods via multimodal
approaches for enhancing personalization,
flexibility, and engagement.

* Technological Knowledge (TK):
Understanding and implementing the right
technologies based on the context and their
educational applications for creating an
adaptive learning environment.

The interplay between CK, PK, and TK is
essential for providing cohesive learning and
teaching approaches in medical and health
sciences education. For instance, educators
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with strong content knowledge (a high CK)
may struggle to convey this effectively without
suitable pedagogical strategies. On the other
hand, a technologically savvy educator (a
high TK) may not incorporate technology
effectively without a deep understanding of
the subject matter. The TPACK framework
encourages educators to balance these
components holistically and integrate them,
ensuring that technology is used to enhance
the overall learning experience rather than
detract from it (5). With advancing technology,
including Al applications, the traditional
TPACK framework requires adopters to
address emerging educational demands
to ensure an up-to-date and integrated
interaction between CK, PK, and TK.

The Transformative Role of Al in Medical
and Health Sciences Education

Technology has dramatically impacted
education in the past decade, and this has
been accelerating with the widespread
adoption of Al. This phenomenon can be
seen as a historical milestone in medical
and health sciences education, effectively
dividing it into pre- and post-Al eras (8).
As Al is evolving, it is essential to have a
structured plan in place for its integration
into medical and health sciences education
and to enhance the readiness of educators and
students. Incorporating Al into educational
frameworks is a transformative shift rather
than merely a trend, with great potential for
teaching and learning paradigms. As educators
navigate this new landscape, understanding
TPACK becomes essential in successfully
implementing content knowledge, pedagogical
strategies, and technology. However, this
approach must evolve to accommodate Al’s
unique challenges and opportunities. This
evolution is encapsulated in the emerging
framework of AI-TPACK, which aims to
integrate Al technologies into the educational
process for an effective, personalized, and
adaptive approach.

Al is profoundly redesigning the
educational landscape by empowering
both educators and learners. Al facilitates
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personalized learning experiences and
provides data-driven insights into student
performance (9). It allows analyzing a
large amount of information about learning
processes to examine students’ learning
patterns, preferences, and performance
data. This will assist in tailoring educational
content and approaches based on the specific
context of students and their needs, enabling
each learner to progress at their own pace
and create a meaningful direction in their
personal and professional development. For
instance, implementing intelligent tutoring
systems can offer real-time feedback and
modify instructional strategies based on
students’ learning paths (10).

Beyond its role in enhancing learning
experiences, Al also provides substantial
assistance from the administrative workload
educators face. By leveraging Al to automate
tasks, including marking/grading, scheduling,
and attendance tracking, educators can
focus on other priorities, such as providing
high-quality and engaging delivery and
investing in more innovative approaches
to teaching (11). In addition, AI’s capacity
to analyze extensive datasets provides
educators with valuable data-driven insights
regarding students’ learning journey and
performance. These data-driven approaches
assist with identifying at-risk students early
on and implementing timely interventions
to make informed decisions and create a
more proactive and responsive educational
environment (12).

Integrating Al into educational practices
highlights the need to develop an AI-TPACK
framework. This framework extends the
traditional TPACK model by incorporating
Al-specific knowledge and competencies,
enabling educators to  strategically
incorporate Al tools into their instructional
methods while addressing their students’
unique contexts and learning requirements.
Multiple studies confirm the importance of
the integrated model of artificial intelligence
and TPACK. A survey conducted by Ning and
colleagues (2024) underscores the significant
impact of Al on teaching and learning
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methods, necessitating a reexamination of the
relationships among technology, pedagogy,
and content knowledge. (2). Additionally,
research conducted by Oved and colleagues
underscores the importance of professional
development programs to enhance teachers’
TPACK, which, in turn, facilitates the
adoption of Al in educational environments.
Their findings indicate that integrating Al
tools, supported by strong TPACK, can lead
to better teaching outcomes and enriched
student learning experiences (3). The study
conducted by Mir and colleagues showed
how Al-driven intelligent tutoring systems
improved student performance in medical
education by providing personalized feedback
and adaptive learning paths (8). Similarly,
Naseer and colleagues (2024) highlighted
the use of deep learning techniques to create
personalized learning pathways, significantly
enhancing engagement and learning outcomes
for students in higher education (9).

Al literacy and Educators” Readiness

To maximize Al’s potential benefits,
educators must adopt a comprehensive
approach that includes systematic planning
and infrastructure development. This involves
modernizing teacher training programs
to emphasize Al literacy and combining
technical proficiency with pedagogical
knowledge to ensure the effective integration
of Al tools into classroom instruction (13).

Educators must acquire a thorough
understanding of Al technologies, including
both their capabilities and limitations. Al
knowledge is the foundation for making
informed decisions about integrating Al tools
as a complementary approach to teaching
practices (14). In addition, the AI-TPACK
framework highlights the potential for a
sustainable collaborative educator-Al synergy
in education, redefining the roles in education
(15). This mutual collaboration between
educators and Al capitalizes on the strengths
of both human and machine intelligence to
optimize personalized learning experiences
and educational outcomes and long-term
impact (9).

As Al advances accelerate, significant
attention is required to consider ethical
matters. A systematic approach must be
established to enhance educators’ awareness
of various ethical issues related to Al,
including data privacy, algorithmic biases,
students’ use of Al platforms, and the impact
of Al-driven decisions on student outcomes
(4). Educators should be empowered through
systematic training to promote responsible
and equitable use of Al in educational settings
by addressing ethical concerns proactively.
This includes ensuring transparency in Al-
driven decision-making and protecting the
data privacy of both educators and students.

Challenges in Implementing AI-TPACK

Despite the potential benefits of Al-
TPACK, various challenges still hinder
the full implementation of this framework
to achieve optimal impact. Many of the
educators may face difficulties integrating
Al into their teaching practices. A significant
hurdle to adopting AI-TPACK is resistance
to change. Educators often rely on traditional
teaching methods, which can hinder the
adoption of new technologies. This resistance
is usually due to a lack of understanding
and awareness of Al’s benefits or simply a
fear of the unknown. Two complementary
interventions can be used to improve this
resistance. Firstly, gaining early buy-in
from educators significantly facilitates the
implementation of AI-TPACK. Secondly,
providing ongoing professional development
programs is paramount to enhance the
necessary support, training, and resources
to build their confidence in understanding
and applying Al tools (16).

The second issue is the ambiguity and
unpredictability surrounding AI-TPACK.
Unlike the well-defined components of
TPACK, this framework is still evolving,
making it difficult for partners, including
educators, to identify the knowledge and
skills required for optimal integration. More
empirical research is necessary to clarify
the relationships between Al and TPACK
and develop valid and reliable measures for
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their applications and effectiveness based
on the context (2). The engaged partners,
particularly students and educators, often
do not have sufficient knowledge and equal
access to Al-supporting services to fully
use its applications (16). To address these
challenges, ongoing empirical research is
crucial to examine the practical applications
of AI-TPACK in various educational contexts.
This can provide valuable insights into its
effectiveness and identify best practices for
implementing Al technologies for an optimal
outcome (16).

While AI-TPACK’s potential in education
is promising, significant challenges must be
addressed to fully leverage its advantages.
Implementing AI-TPACK raises critical
ethical issues, particularly regarding data
privacy and security. Using sensitive
information from teachers and students to
train Al models presents risks of data breaches
and misuse (17). Another major concern is the
risk of over-reliance on AI-TPACK, which
could diminish essential traditional skills
among teachers and students, such as critical
thinking and problem-solving (18).

Conclusion

Integrating Al into TPACK frameworks
signifies a transformative change in teaching
and learning. The AI-TPACK framework,
which extends the conventional TPACK
model by including Al-specific knowledge
and competencies, is essential for educators to
leverage Al technologies effectively. Although
Al offers abundant benefits, including
personalized learning and administrative
efficiency, systematic challenges still need
to be overcome, including resistance to
change, ambiguity surrounding AI-TPACK
components, and unequal access to Al
resources.

For a smooth implementation of the Al-
TPACK framework, systematic planning is
required, from gaining partners’ buy-in at the
early stages of the change to training and a
supportive system for all the partners, ensuring
equal access to Al facilities. By tackling these
challenges, all partners involved can leverage
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AT’s full potential to create a more responsive
and effective learning environment. Educators
play a crucial role in successfully integrating
Al, adapting and innovating to ensure that
technology complements rather than replaces
them.

Considering that Al is here to stay and is
continuing to evolve, an adaptable approach
is essential to maintaining pace with
advancements in educational technology.
Moreover, collaboration among educators,
researchers, and technology developers is vital
to shaping the future of Al in education. The
journey toward integrating Al in education is
just beginning, and with continued research
and collaboration, the possibilities are endless.

Although Al provides many advantages,
excessive dependence on these technologies
might impede students’ growth in critical
thinking and interpersonal skills. Additionally,
paying attention to user data protection, data
security, and preventing machine bias in data
retrieval and analysis are essential issues in
the application of Al. Therefore, addressing
ethical concerns, ensuring data privacy,
and avoiding overreliance on Al are crucial
steps to maximize its potential without
compromising traditional educational values.

Abbreviations

Al: Artificial Intelligence

CK: Content Knowledge

PK: Pedagogical Knowledge

TK: Technological Knowledge

TPACK: Technological Pedagogical Content
Knowledge

Acknowledgments
Not applicable.

Authors” Contribution

ZK wrote the initial draft of the article.
NS and CM enhanced the critical argument
and contributed to editing and revising it. All
the authors reviewed and approved the final
version.

Conflict of Interest
The authors declare no competing



AI-TPACK in Medical Education

Karimian Z et al.

interests. Zahra Karimian, as a member of the
Editorial Board, was not involved at any stage
in managing this manuscript. The Editorial
Board has brought together independent
experts to assess this paper without her
awareness.

Funding/Support
No funding or support was received from
any organization.

Availability of Data and Materials
This perspective article does not report
data generation or analysis.

References

1 Masters K. Artificial intelligence in medical
education. Med Teach. 2019;41(9):976-
980. doi: 10.1080/0142159X.2019.1595557.
PubMed PMID: 31007106.

2 Ning Y, Zhang C, Xu B, Zhou Y, Wijaya
TT. Teachers’” AI-TPACK: Exploring
the relationship between knowledge
elements. Sustainability. 2024;16(3):978.
doi: 10.3390/su16030978.

3 Oved O, Alt D. Teachers’ technological
pedagogical content knowledge (TPACK)
as a precursor to their perceived adopting
of educational Al tools for teaching
purposes. Education and Information
Technologies. 2025 Jan 25:1-27. doi:
10.1007/s10639-025-13371-5.

4 Celik I. Towards Intelligent-TPACK:
An empirical study on teachers’
professional knowledge to ethically
integrate artificial intelligence (Al)-based
tools into education. Comput Human
Behav. 2023;138:107468. doi: 10.1016/j.
chb.2022.107468.

5 Mishra P, Koehler MJ. Technological
pedagogical content knowledge: a
framework for teacher knowledge. Teach
Coll Rec. 2006;108(6):1017-1054. doi:
10.1111/5.1467-9620.2006.00684.x.

6 Shulman L. Those Who Understand:
Knowledge Growth in Teaching[J].
Educational Research, 1986, 15(2):4-14.
Available from: https:/www.wcu.edu/
webfiles/pdfs/shulman.pdf.

10

11

12

13

14

Maghsoudi M. Factors Determining
the Technological Pedagogical Content
Knowledge (TPACK) of the Iranian
Preservice English Teachers. Issues in
Language Teaching. 2023;12(2):1-30. doi:
10.22054/i1t.2023.72069.754

Mir MM, Mir GM, Raina NT, Mir SM,
Mir SM, Miskeen E, Alharthi MH,
Alamri MMS. Application of Artificial
Intelligence in Medical Education:
Current Scenario and Future Perspectives.
J Adv Med Educ Prof. 2023;11(3):133-140.
doi: 10.30476/JAMP.2023.98655.1803.
PubMed PMID: 37469385; PubMed
Central PMCID: PMC10352669.

Naseer F, Khan MN, Tahir M, Addas A,
Aejaz SMH. Integrating deep learning
techniques for personalized learning
pathways in higher education. Heliyon.
2024;10(11):e32628. doi: 10.1016/;.
heliyon.2024.e32628. PubMed PMID:
38961899; PubMed Central PMCID:
PMC11219980.

Johnson L, Becker A, Estrada SV,
Freeman A. The NMC Horizon Report:
2015 Higher Education Edition. Austin,
Texas: The New Media Consortium; 2015.
Cho T, Miller BJ. Using artificial
intelligence to improve administrative
process in Medicaid. Health Aff Sch.
2024;2(2):qxae008. doi: 10.1093/haschl/
gxae008. PubMed PMID: 38756552;
PubMed Central PMCID: PMC10986276.
Yelne S, Chaudhary M, Dod K, Sayyad A,
Sharma R. Harnessing the Power of Al:
A Comprehensive Review of Its Impact
and Challenges in Nursing Science and
Healthcare. Cureus. 2023;15(11):e49252.
doi: 10.7759/cureus.49252. PubMed
PMID: 38143615, PubMed Central
PMCID: PMC10744168.

Funa AA, Gabay RA. Policy guidelines and
recommendations on Al use in teaching
and learning: A meta-synthesis study. Soc
Sci Humanit Open. 2025;11:101221. doi:
10.1016/j.ssah0.2024.101221.

Dogan S, Nalbantoglu UY, Celik I,
Agacli Dogan N. Artificial intelligence
professional development: a systematic

Interdiscip J Virtual Learn Med Sci 2025, Vol. 16, No. 1



Karimian Z et al.

AI-TPACK in Medical Education

15

16

review of TPACK, designs, and effects
for teacher learning. Professional
Development in Education. 2025;51(1):1-
28. doi:10.1080/19415257.2025.24544577.
Adipat S. Developing Technological
Pedagogical Content Knowledge (TPACK)
through Technology-Enhanced Content
and Language-Integrated Learning
(T-CLIL) Instruction. Educ Inf Technol
(Dordr). 2021;26(5):6461-6477. doi:
10.1007/s10639-021-10648-3. PubMed
PMID: 34220281; PubMed Central
PMCID: PMC8234760.

Keshavarzi MH, Ramezani G, Shafian
S. Challenges and Opportunities
of Artificial Intelligence (AI) in

Interdiscip J Virtual Learn Med Sci 2025, Vol. 16, No. 1

17

18

Teaching-Learning Process. Strides Dev
Med Educ. 2025;22(1):1-2. doi: 10.22062/
sdme.2024.200449.1457

Wach K, Duong CD, Ejdys J, Kazlauskaité
R, Korzynski P, Mazurek G, Paliszkiewicz
J, Ziemba E. The dark side of generative
artificial intelligence: A critical analysis
of controversies and risks of ChatGPT.
Entrepreneurial Business and Economics
Review. 2023;11(2):7-30. doi:10.15678/
EBER.2023.110201.

Yu H, Guo Y. Generative artificial
intelligence empowers educational reform:
current status, issues, and prospects.
Front. Educ. 2023;8:1183162. doi: 10.3389/
feduc.2023.1183162.



