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Artificial Intelligence in Medical Education
Tıp Eğitiminde Yapay Zeka

The concept of artificial intelligence (AI) encompasses systems capable of exhibiting intelligent behaviors such as perception, 
reasoning, learning, and communication, and performing tasks traditionally requiring human cognition. In contemporary practice, AI 
paradigms are increasingly employed across various domains, most notably in the automotive, finance, economics, healthcare, and 
education sectors. Within the context of medical education, the integration of AI-based systems, often referred to as “teacher bots,” has 
emerged as a noteworthy innovation. These systems serve as content providers, feedback generators, and instructional modulators, 
enhancing the educational process. AI modules have found particular relevance in widely adopted instructional strategies such 
as Problem-Based Learning (PBL) and Objective Structured Clinical Examinations (OSCEs) in undergraduate medical education. In 
both PBL and OSCE settings, AI technologies effectively support clinical decision-making, the generation of virtual patient cases, 
real-time feedback delivery, and the simulation of patient interactions. The incorporation of deep learning (DL) techniques and 
artificial neural networks (ANNs) into AI platforms has further enabled the execution of more complex and nuanced tasks. In 
postgraduate medical training, especially in visually intensive specialties such as radiology, dermatology, and pathology, AI has 
facilitated the development of machine learning models for diagnostic verification, the generation of synthetic patient imagery, and 
the instruction of key diagnostic features, independent of real patient data. These applications have been successfully implemented 
and demonstrate significant educational potential. This study aims to present selected examples of AI applications currently utilized 
in medical education. Furthermore, it will explore the challenges encountered, or likely to be encountered, in the implementation of 
AI, as well as the potential contributions AI may offer to the future of medical training.
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Yapay zeka (YZ) kavramı, algı, akıl yürütme, öğrenme veya iletişim becerileri gibi zeki davranışlar sergileyebilen ve insani görevleri 
yerine getirme yetisine sahip sistemleri tanımlar. Günümüzde YZ paradigmaları en çok otomotiv, finans, ekonomi, tıp ve eğitim 
alanlarında kullanılmaktadır. Tıp eğitiminde, “teacher bots” olarak tanımlanan; eğitim sürecine içerik sağlayıcı, geribildirim veren 
ve eğitimi modüle edici özellikleri olan sistemlerin yaygınlaşması önemli bir yenilik olarak kabul edilmektedir. Mezuniyet öncesi 
tıp eğitiminde yaygın olarak kullanılan probleme dayalı öğrenme (PBL) ve nesnel yapılandırılmış klinik sınavlar (OSCE)’da da YZ 
modülleri kullanıma girmiştir. PBL eğitimleri ve OSCE sınavlarında klinik karar verme, sanal vaka oluşturma, anında geribildirim 
ve simüle hasta desteği etkili ve verimli bir şekilde YZ tarafından sağlanmaktadır. Derin öğrenme (DL) ve yapay sinir ağlarının 
(ANN) YZ modüllerine entegre edilmesiyle daha komplike görevlerin gerçekleştirilmesi mümkün olmuştur. Özellikle mezuniyet 
sonrası uzmanlık eğitiminde; radyoloji, dermatoloji ve patoloji gibi görsel figürlerin ve tanımlamaların değerli olduğu branşlarda, 
klinik tanıyı doğrulamaya yönelik makine öğrenmesi, yapay hasta görüntülerinin oluşturulması ve bazı spesifik tanıların olmazsa 
olmaz anahtar figürlerinin hasta görüntüsü olmaksızın yapay olarak eğitim alanlara öğretilmesi gibi didaktik çalışmalar yapılmış 
ve başarıyla uygulanmıştır. Çalışmamızda tıp eğitiminde kullanılan bazı YZ çalışmalarından örnekler sunulacaktır. Bunun yanı sıra 
YZ’nin uygulamasında yaşanan veya yaşanabilecek güçlükler ve ileride tıp eğitimine sağlayabileceği katkılar üzerinde durulacaktır.
Anahtar Kelimeler: Yapay zeka, tıp eğitimi, mezuniyet öncesi tıp eğitimi
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Introduction

Although artificial intelligence (AI) has gradually become 
integrated into our lives over the years, it is still not a concept 
widely understood or commonly used by many people. 
With the emergence of deep learning and artificial neural 
networks (ANNs), the significance of these technologies has 
steadily increased. AI refers to machines capable of exhibiting 
intelligent behavior such as perception, reasoning, learning, 
or communication, and performing human-like tasks (1). AI 
paradigms target various problem areas such as perception, 
reasoning, knowledge, planning, and communication. Today, 
AI applications are intensively utilized in fields such as 
automotive, finance, economics, medicine, and education. 
The use of AI in the medical field continues to grow rapidly 
(1). One notable advancement is that machines can achieve 
diagnostic success rates in radiology comparable to, or 
even exceeding, expert consultants (2). In addition to AI’s 
widely publicized role in radiological diagnosis, it is also 
being employed as a tool for the optimal management 
of chronic diseases such as cancer and persistent mental 
health disorders (2).

In education, notable applications of AI include 
“teacher bots,” which are teaching assistants responsible 
for delivering content, providing feedback, and monitoring 
educational progress. This growing use in education holds 
the potential to offer individualized support to students 
and identify knowledge gaps. In this way, educators can 
be relieved from routine tasks and offer more effective 
support to students, thereby enhancing the personalized 
and adaptive teaching process. Students also gain time 
to develop unique and individualized learning techniques. 
This aligns with a rising trend in medical education that 
emphasizes student autonomy in customizing their 
learning experience to best suit their comprehension (3,4). 
Medical education is a lifelong learning process spanning 
undergraduate, graduate, residency, and postgraduate 
stages, which includes “continuing medical education” (5). 
This process involves not only interactions with physicians 
but also with other healthcare professionals, including 
nurses and allied health personnel. Currently, there are a 
limited number of studies reviewing or discussing the 
existing applications of AI in medical education (6,7). The 
aim of this study is to comprehensively review the current 
academic literature on the use of AI in medical education. 
The study addresses the following questions:

• How is AI currently being used in medical education?
• What are the key challenges in implementing AI in 

medical education?
• How might the relationship between AI and medical 

education evolve in the future?

Medical Education and AI

The integration of AI and ANNs into the evaluation 
of medical students’ curricula represents a significant 
advancement. One article discussed the use of AI, ANN and 
support vector machines (SVM) for assessing the curriculum 
of medical students. Chen et al. (8) described the advantage 
of ANN and SVM over logistic regression in the data analysis: 
they are more adept models for solving nonlinear problems 
and establishing relationships between variables.

The use of AI in evaluating medical education curricula 
is highly valuable, as it provides a comprehensive overview 
of program effectiveness and student satisfaction. Accurate 
evaluation is essential for assessing various educational 
components, ranging from entire curricula to the efficiency 
of small-group instruction, through diverse methodologies 
commonly referred to as program evaluation in medical 
education (8).

In curriculum development, the collection of digital 
data and the analysis of printed and visual materials are 
of great importance. While AI performs well in collecting 
digital data, it has not yet reached sufficient maturity 
in analyzing visual materials. Nonetheless, AI has found 
extensive use in curriculum evaluation in medical schools 
across Canada and the United Kingdom (9,10). AI has also 
been utilized in student assessments to identify knowledge 
gaps following examinations and to determine whether 
learning objectives and assessment strategies are aligned 
(11). Additionally, AI tools that provide feedback as a critical 
component for fostering lasting learning strongly support 
educational processes. Studies indicate that, particularly at 
the postgraduate level, many residents report receiving little 
feedback and feeling unsupported in this area, whereas AI-
based tools offering instant, formative feedback have shown 
promising results (11,12).

However, certain observations exist regarding the nature 
of feedback. Effective feedback should be performance-
focused and structured to support the attainment of learning 
objectives. While AI is capable of providing immediate and 
prompt feedback, its feedback pool is limited to existing 
data, and it lacks depth in experiential and emotional 
inference (13,14).

AI has also proven effective in Problem-Based Learning 
(PBL) and Objective Structured Clinical Examinations (OSCE), 
both of which have been shown to offer more effective 
and efficient training compared to traditional methods 
(15,16). The use of AI is expanding in OSCEs and similar 
exams to ensure exam security, evaluate programs based 
on exam outcomes, and align exam results with learning 
objectives. AI is also playing a growing role in designing 
new educational programs (17,18).
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System models developed using virtual reality (VR) 
simulation programs such as Touch, Lahystotrain, and 
EchoComJ, in combination with intelligent tutoring systems, 
have reinforced the use of AI in surgical specialties. These 
systems provide the benefits of both immersive virtual 
environments and smart instructional systems. Immersive, 
interactive, and safe VR settings are particularly effective in 
eliminating the risks associated with lengthy, strenuous, and 
potentially unsafe training scenarios for learners (19).

In healthcare, generative AI (GenAI) tools are 
increasingly being utilized in clinical settings, particularly 
in areas such as clinical documentation and physician–
patient communication. These tools have shown promise 
in addressing inefficiencies in electronic health records, 
challenges with big data, and healthcare worker burnout 
(20-22).

Within the context of medical education, GenAI offers 
several potential advantages, including facilitating 
personalized learning experiences, simulating real-
life scenarios and patient interactions, and enhancing 
communication skills training (23). However, these benefits 
also carry significant risks, such as concerns regarding the 
reliability of AI-generated content and threats to academic 
integrity (24,25).

Graduate medical education (GME) shares many 
characteristics with both undergraduate medical education 
and other forms of health education. Research has shown 
that adult learners achieve better learning outcomes when 
motivated and autonomous, particularly when using AI-
assisted learning methods focused on practical applications 
(26).

Historically, medical education has equated time 
spent in educational environments with learning success. 
However, in recent years, a shift toward competency-based 
medical education (CBME), which prioritizes the acquisition 
of specific competencies over time spent, has gained 
renewed attention (27,28). CBME forms the foundation of 
the Accreditation Council for GME’s (ACGMEs) accreditation 
model. ACGME programs use “Milestones,” a system designed 
to assess and enhance educational progress based on 
competency-based learning (29).

After receiving foundational training in medical sciences 
and basic clinical skills, residents spend little time in 
traditional classrooms. Most learning occurs in real clinical 
environments as part of a healthcare team. One of the core 
principles of GME, “graduated responsibility,” allows learners 
to develop increasing levels of autonomy, ultimately 
achieving readiness for independent practice.

Moreover, residents are expected to become “physician–
scholars.” Participants in ACGME-accredited GME programs 
engage in academic activities such as research, scholarly 

writing, quality improvement initiatives, and curriculum 
development (30). AI modules, when aligned with defined 
competencies and regularly updated, provide outcome-
based assessment opportunities in line with educational 
objectives (10-12).

In both undergraduate and postgraduate medical 
education, AI is also used for objective assessment of 
students’ work, including the evaluation of their portfolios 
and dossiers. The key benefit of this system is the ability to 
provide instant feedback and quickly correct errors through 
machine learning-based operations (31).

Numerous publications have explored the potential of 
GenAI in the context of residency training. For example, VR-
based simulations of children with rare genetic conditions 
have been used in pediatric residency training instead 
of live patient interactions (32). Large language models 
(LLMs) have also been effectively used to enhance clinical 
decision-making skills during pediatric education (33,34). 
In surgical training, AI models are employed in case-
based learning focused on ethical dilemmas and in the 
evaluation of various surgical scenarios (35,36). In studies 
where LLMs simulate patient conversations for specific 
anesthesia procedures, AI modules have demonstrated 
near-realistic accuracy in modeling patient reactions and 
behaviors (37).

One of the earliest examples of innovative AI-based 
teaching methods involved enhancing emergency 
physicians’ communication skills, particularly in delivering 
bad news. This model simulated patient responses and 
dialogue during the disclosure of difficult diagnoses such 
as cancer (38).

Challenges in the Application of AI in Medical Education
When introducing a new model or method in medical 

education, the most critical factor is clearly demonstrating 
the benefit it provides. To evaluate this, two key aspects 
must be considered: how easily can the system’s 
effectiveness be assessed? What are the difficulties and 
limitations in measuring the system? Studies have shown 
that the most reliable approach involves comparisons with 
traditional teaching methods. In evaluating both the model 
and its educational effectiveness, pre-test and post-test 
results should be examined, and it must be ensured that 
the baseline knowledge levels of comparison groups are 
approximately equal before any educational intervention 
is introduced (39). There are numerous studies showing 
that AI modules outperform or underperform human-based 
models depending on the context.

GenAI models have been found to be significantly more 
effective than traditional methods in various applications. 
They are actively used in clinical decision support, medical 
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education, clinical documentation, research assistance, 
and as communication tools (40). Even though models like 
ChatGPT have not been trained on specialized medical 
datasets, they have demonstrated near-passing or passing 
performance on all three stages of the United States Medical 
Licensing Examination (41). In some medical exams using 
LLMs, LLMs have achieved performance comparable to that 
of final-year medical students (42-45).

In one study involving AI-assisted diagnostic simulators, 
a statistically significant 22% improvement in diagnostic 
accuracy was reported compared to traditional methods. 
However, in another study, a web- and multimedia-based AI 
educational model showed an 8% improvement in student 
success, although this was not found to be statistically 
significant (46,47). The broad specialization within the field 
of medicine limits the applicability of any single AI model, 
which in turn narrows the research sample needed for 
reliable measurement. Other notable challenges include a 
shortage of experts who can design curricula compatible 
with machine learning and the temporal, spatial, and 
interpersonal difficulties in fostering collaboration between 
physicians and engineers. Developing AI models necessitates 
a multidisciplinary team comprising data scientists (to 
collect and process large datasets), medical professionals 
(to validate clinical applicability), and, ideally, biomedical 
engineers with dual expertise in both domains (46,47).

Some studies also emphasize the ethical challenges 
associated with developing and deploying AI models. These 
include concerns about preserving patient privacy during 
data collection and safeguarding user data confidentiality 
(46,47).

Although AI has gained considerable traction in medical 
diagnosis, clinical reasoning remains inherently complex. 
Clinical reasoning involves deep learning, deductive 
thinking, and substantial emotional input, which makes 
it unrealistic, at least for now, to expect AI to match the 
diagnostic capabilities of highly experienced clinicians. 
However, with robust implementation of machine learning 
and deep learning frameworks, and with active support 
from domain experts, AI’s diagnostic capabilities can be 
significantly enhanced (48,49).

Several authors have discussed the potential of GenAI as 
a supportive tool in academic writing and research processes 
(50-55). This technology can be particularly helpful for non-
native English speakers in improving writing skills and 
translating foreign language content. Many studies have 
highlighted the usefulness of GenAI in literature reviews 
and summarization tasks (56-59). However, these models 
have also been noted to exhibit a phenomenon known as 
“hallucination,” where they fabricate references or present 
non-existent information.

This issue was clearly demonstrated in an editorial 
from Medical Teacher that exposed fabricated citations in a 
manuscript submitted for publication (60).

Such incidents and similar studies have drawn attention 
to unethical practices, such as presenting AI-generated 
content as human-authored work. They have emphasized 
the importance of maintaining awareness and adhering 
strictly to principles of academic integrity when using these 
tools (55-59).

Some publications have also warned of the potential 
negative impact of GenAI on learning. Overreliance on this 
technology may hinder the development of learners’ critical 
thinking and complex problem-solving skills (56,57,59,61).

The widespread adoption of AI also poses challenges 
to the validity of current assessment and evaluation 
methods, necessitating adaptations in assessment 
strategies (62,63). Moreover, an excessive focus on AI-driven 
learning opportunities may impair human interaction and 
communication skills, fundamental components of medical 
education (51,64). Relying on AI as a primary source of 
knowledge could lead to the dissemination of inaccurate 
medical information. Therefore, the integration of AI into 
learning processes must be carried out in a balanced and 
well-regulated manner.

Future Directions

Research indicates a critical need for evidence-based 
studies that clearly demonstrate the superiority of AI over 
traditional methods. Future investigations should focus on 
evaluating the effectiveness of AI in medical education. 
To accurately assess the success of AI systems relative to 
conventional approaches, extensive and time-intensive 
research remains necessary across various medical 
subspecialties.

As medical curricula become increasingly digital and 
collaboration between data scientists and healthcare 
professionals intensifies, the use of AI systems is expected 
to expand. Consequently, data protection is emerging as an 
important area of inquiry. Specifically, there is a growing 
need for studies that explore how to enhance data security 
and bolster user trust in AI applications.

With the continuous advancement of technology, 
the potential applications of AI in medical education 
are expected to increase. One such development is the 
integration of AI with immersive technologies such as VR 
and augmented reality. These combinations promise to 
revolutionize educational experiences through simulation-
based learning environments.

It is widely acknowledged that GenAI will have a broad 
societal impact and will be increasingly integrated into daily 
life. GenAI holds the potential to transform multiple sectors, 
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including healthcare and education. Already, these systems 
are being used for document summarization, translation, 
conversation, language support, and image generation. 
In the near future, they are expected to expand their 
capabilities to include emotion analysis and multilingual 
interaction.

As AI becomes more embedded in healthcare delivery 
processes, its integration into medical education is seen 
as both inevitable and transformative. This convergence 
has sparked intense debate regarding the potential roles, 
advantages, and limitations of AI in medical training.

Integrating such a transformative technology into 
existing educational systems requires a careful, evidence-
based approach. Medical education experts must not only 
understand the technical capabilities and limitations of 
GenAI but also develop forward-looking strategies to guide 
its educational applications.

The articles reviewed in this study further emphasize 
the urgent need for research. Most current publications are 
speculative in nature or consist of opinion pieces. There 
is a significant gap in research that directly implements 
and evaluates this technology in student populations. To 
generate meaningful and applicable outcomes, future 
studies must be guided by carefully formulated research 
questions. Enhancing students’ AI literacy, evaluating the 
impact of AI on assessment processes, identifying technical 
and ethical risks, and investigating the dynamics of human–
AI interaction will all be essential steps.

Conclusion

Particularly when using AI-based technologies, providing 
students with face-to-face patient management experience 
is crucial. The use of AI-based applications, their role in 
medical education, and their advantages, disadvantages, 
and limitations is discussed. The active use of AI in medical 
education provides an innovative approach to student-
centered learning. The integration of AI into education 
will enable the effective use of innovative technologies in 
future clinical practice, both in undergraduate education 
and in lifelong learning.
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