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Abstract
Purpose  This article explores the transformative role of artificial intelligence (AI) in healthcare medical education, 
highlighting the urgent need to integrate AI into medical curricula. It examines the current gaps in AI literacy among 
healthcare professionals, proposes practical teaching strategies, and discusses the ethical considerations essential for 
the responsible implementation of AI.

Methods  An extensive literature review was conducted to identify key challenges and opportunities in 
integrating AI into healthcare education. Case studies, existing curricula, and frameworks were analysed to explore 
effective teaching methodologies, including problem-based learning (PBL), simulations, and ethical embedding. 
Multidisciplinary collaboration among academic institutions, technology companies, and government organisations 
was also examined as a pathway to bridge the gap between AI innovation and practical application.

Results  The findings reveal that while AI is rapidly becoming an integral part of healthcare practice, current medical 
curricula do not adequately prepare students for its adoption. Integrating AI into curricula through PBL, simulations, 
and real-world case studies fosters critical thinking and practical skills. Embedding ethical considerations throughout 
the curriculum addresses data privacy, bias, and accountability issues. Interdisciplinary partnerships and continuous 
professional development are key strategies for enhancing AI education and ensuring alignment with evolving 
healthcare needs.

Conclusion  Reimagining healthcare education to incorporate AI is essential for preparing healthcare professionals to 
navigate an AI-driven future. Embedding AI into curricula, addressing ethical concerns, and fostering collaborations 
between academia, industry, and government can responsibly equip healthcare professionals to harness AI’s 
potential. This paradigm shift is critical for improving patient care, advancing medical innovation, and ensuring the 
ethical integration of AI in healthcare systems.
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training, Ethical AI in medicine
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Introduction
Artificial Intelligence (AI) is transforming healthcare by 
reshaping clinical decision-making, diagnostic imag-
ing, and patient care [1, 2]. Deep learning algorithms, for 
instance, have demonstrated remarkable performance in 
tasks such as image classification, leading to improved 
diagnostic accuracy [3]. In imaging applications, AI con-
tributes to enhanced reconstruction, motion correction, 
and automatic detection of clinical features, as demon-
strated in cardiac computed tomography [4]. AI is also 
reshaping oncology and radiology through applications 
such as tissue phenotyping and integration with next-
generation sequencing [5, 6].

Beyond diagnostics, AI plays an increasingly important 
role in patient monitoring and care delivery. For example, 
AI-enabled implantable sensors and digital health plat-
forms are enabling real-time, remote, and personalised 
health interventions aligned with the Healthcare 5.0 par-
adigm [7, 8]. Applications also extend into mental health 
and chronic disease management, where AI supports 
improved access, triage, and tailored feedback [9, 10].

Despite these innovations, healthcare professionals 
often lack the necessary training to engage critically and 
effectively with AI technologies [2, 11]. This mismatch 
between rapid technological advancement and current 
medical training has generated increasing calls to rethink 
healthcare education [12, 13]. Medical curricula must 
now be adapted not only to familiarise learners with AI 
as a tool, but also to equip them with the competen-
cies to evaluate, interpret, and integrate AI into practice 
responsibly.

This article aims to support this educational transfor-
mation by proposing practical strategies for embedding 
AI into formal medical and healthcare curricula. The 
focus lies on undergraduate, postgraduate, and continu-
ing professional development programmes. Broader 
domains such as patient education, informal learning, 
and public health literacy are outside the scope of this 
analysis. Drawing on a structured review of literature 
and case studies, this paper examines current educational 
gaps, explores innovative teaching methodologies, and 
outlines a competency-based framework to reimagine 
healthcare education for an AI-driven future.

Methods
To explore how AI can be meaningfully integrated into 
healthcare education, we conducted a structured narra-
tive review informed by scoping review principles [14]. 
However we did not strictly adhere to PRISMA guide-
lines. The review synthesised existing literature on the 
integration of AI into healthcare education, with a focus 
on medical curricula, teaching strategies, professional 
competencies, and ethical considerations published 
between 2018 and 2024 across PubMed, Scopus, and 

ERIC, focusing on curricular design, competency mod-
els, pedagogical strategies, and ethical considerations in 
AI education. Key findings were thematically grouped 
and are presented in the subsequent sections of this 
paper, which outline (i) current gaps in AI education, (ii) 
proposed competency frameworks, (iii) implementation 
strategies, (iv) ethical governance, and (v) implications 
for continuous professional development.

Literature was identified through electronic searches 
of PubMed, Scopus, and ERIC (Education Resources 
Information Center). Searches were conducted between 
January 15 and February 10, 2025, and included studies 
published between 2018 and 2024. An update was per-
formed on July 20, 2025 to capture any newly added stud-
ies. Search terms included combinations of:

 	• “artificial intelligence” AND “medical education”.
 	• “AI curriculum” OR “healthcare training” AND 

“ethics” OR “competency”.
 	• “AI literacy” AND “teaching strategy” OR “problem-

based learning” OR “simulation”.
 	• “AI in clinical education” OR “professional 

development”.

Reference lists of included articles were also hand-
searched to identify additional relevant studies.

Included sources met the following criteria:

 	• Published in English between 2018 and 2024;
 	• Focused on AI in formal healthcare education 

(undergraduate, graduate, or CPD);
 	• Described empirical results, conceptual frameworks, 

curricular initiatives, or pedagogical strategies.

Articles focused solely on patient education, dealing 
exclusively with the technical aspects of AI (e.g., algo-
rithm development) without educational context and 
opinion pieces without substantive discussion of curri-
cula were excluded.

After initial retrieval 122 articles, the author screened 
abstracts and titles to assess relevance. A final set of 67 
articles was selected for full-text analysis. Thematic 
synthesis was employed to categorise findings into key 
dimensions of AI in healthcare education, including cur-
riculum design, competency models, ethical integration, 
and professional development.

Case studies and real-world examples were extracted 
and integrated into the narrative to illustrate implemen-
tation strategies and measurable outcomes.

In addition to peer-reviewed studies, we also reviewed 
a purposive sample of curriculum descriptions, insti-
tutional AI education programmes, and case-based 
learning initiatives identified in the grey literature and 
academic websites. The reviewed materials included 
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AI-focused modules, interdisciplinary hackathons, and 
simulated clinical learning environments. Altogether, 
we examined 6 distinct educational initiatives spanning 
North America, Europe, and Asia (cf. A new paradigm 
for AI education in healthcare section). These initiatives 
were selected for their innovative use of AI technologies, 
reported learning outcomes, and relevance to profes-
sional healthcare education, as well as the incorporation 
of AI and availability of learning outcome data.

The gap in traditional medical education
Thematic synthesis of the 68 included studies identified 
recurrent themes that frame the ensuing discussion: (i) 
curricular gaps and barriers (overload, limited faculty 
expertise, lack of standard frameworks); (ii) competency 
framing (consumer–translator–developer tiers); (iii) ped-
agogical approaches (PBL, simulation, case-based learn-
ing, design thinking, multimodal/AI-supported learning); 
(iv) institutional readiness (faculty development, cross-
disciplinary delivery, academic–industry–government 
partnerships); (v) ethics and governance (bias/fairness, 

transparency, accountability, data protection); and (vi) 
continuous professional development (lifelong learn-
ing pathways and critical appraisal of AI tools). Table  1 
summarises these themes and their indicative prevalence 
across the literature.

Current medical curricula are not adequately preparing 
future healthcare professionals for the growing integra-
tion of AI into clinical practice. As noted by Li and Qin 
[38], this disconnect has led to a significant deficit in AI 
literacy among healthcare professionals, which in turn 
undermines the adoption and impact of AI innovations 
in patient care. Despite AI’s increasing relevance across 
diagnostic, prognostic, and therapeutic domains, most 
clinicians reported a lack of exposure to AI principles 
during their formal training [17].

This educational gap persists despite mounting aware-
ness of AI’s importance in medicine. Surveys across 
various regions confirm that while medical students rec-
ognise the transformative potential of AI, they often feel 
unprepared to engage with these tools in clinical contexts 
[16, 39, 40]. For instance, in a national Canadian study, 
85% of medical students reported receiving no formal 
training in AI, despite 94% believing AI would play a sig-
nificant role in their future careers [17]. These findings 
suggest a critical misalignment between medical training 
and technological advancements.

Multiple structural and institutional barriers hinder 
the integration of AI education into healthcare train-
ing. Curriculum overload, limited faculty expertise, lack 
of institutional support, and the absence of standardised 
frameworks are among the most commonly cited chal-
lenges [12, 15]. Furthermore, healthcare educators face 
challenges in keeping pace with the rapid evolution of AI 
technologies, which often necessitate continuous content 
updates and collaboration across disciplines [18].

Another significant issue is the lack of validated AI 
competence frameworks tailored for healthcare educa-
tion. As Mikeladze et al. [18] emphasise, most educators 
operate without clear guidelines on what competencies 
to teach, at what depth, and through which pedagogical 
methods. This results in fragmented, ad hoc efforts that 
fail to address the full spectrum of AI-related knowledge 
and skills necessary for clinical practice. Compounding 
this issue is the insufficient focus on the foundational 
quantitative, computational, and data science concepts 
underpinning AI systems. Noack and Reyes [41] argue 
that educational programmes often prioritise user-
friendly tools while neglecting the mathematical and 
statistical underpinnings of AI. This superficial exposure 
limits students’ ability to critically assess the outputs of 
AI models or engage with their development. Blanco-
González et al [42] also highlight the academic challenges 
of integrating AI-assisted outputs, such as LLM-gen-
erated draft text, code suggestions, and model-derived 

Table 1  Themes from the thematic synthesis (2018–2024; 
n = 68 studies)
Theme Brief description Indicative 

prevalence
Illustrative 
references

Curricular 
gaps and 
barriers

Curriculum overload; 
lack of faculty AI 
expertise; absence of 
standardised frame-
works; uneven global 
adoption.

High Ng et al. [12]; 
Charow et al. 
[15]; Grunhut 
et al. [16]; Puc-
chio et al. [17]; 
Mikeladze et al. 
[18].

Competency 
framing

Three-tier learner pro-
files (consumer, transla-
tor, developer) guiding 
depth and assessment.

High Ng et al. [12]; 
Laupichler et al. 
[19]; Russell et 
al. [20].

Pedagogical 
approaches

PBL, simulation, case-
based learning, design 
thinking; AI-supported 
tutoring for self-direct-
ed learning.

High Benedict [21]; 
Benedict [22]; 
Hmelo-Silver 
[23]; Cain and 
Rajan [24]; Hui 
et al. [25]; Lin 
and Chang [26].

Institutional 
readiness

Faculty development, 
interprofessional 
co-teaching, global net-
works, partnerships.

Moderate–
High

Mah et al. [27]; 
Garas et al. [28]; 
Liaw et al. [29].

Ethics and 
governance

Bias/fairness, explain-
ability, accountability, 
privacy/data gover-
nance; embedding eth-
ics longitudinally.

High Amini et al. 
[30]; Ferrara 
[31]; Russell et 
al. [20]; Lysaght 
et al. [32]; Mur-
doch [33].

Continuous 
professional 
develop-
ment (CPD)

Personalised/adaptive 
learning; critical ap-
praisal; alignment with 
clinical realities.

Moderate Lin et al. [34]; 
Rubin [35]; Zu-
hair et al. [36]; 
Lee et al. [37].
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figures, into scholarly work, noting that such materials 
typically require substantial human curation and revision 
to meet scientific standards.

AI education also remains unevenly distributed across 
geographic regions, institutional types, and medical 
specialities. While leading academic centres in Europe, 
North America, and Asia have launched AI modules and 
interdisciplinary initiatives, many institutions, particu-
larly in low- and middle-income countries, still lack the 
infrastructure or policy support to do so [15, 43]. This 
exacerbates existing disparities in training quality and 
workforce preparedness.

Recommendations to close this gap include adopting 
a tiered competency model, which categorises learners 
as AI “consumers,” “translators,” or “developers” based 
on the expected level of interaction with AI technolo-
gies [12]. This approach allows for differentiated learn-
ing pathways tailored to learners’ professional roles 
and prior knowledge. Early integration of AI into the 
core curriculum, ideally at the undergraduate level, has 
also been advocated [44], with AI being framed as an 
essential component of modern evidence-based medi-
cine [16].

However, implementing such changes requires sub-
stantial curricular reform and faculty development. Edu-
cators require support in designing interdisciplinary, 
competency-based training modules that bridge medical 
knowledge and AI proficiency. Moreover, without insti-
tutional commitment and investment in AI infrastruc-
ture, both human and technological, these efforts risk 
remaining isolated or unsustainable.

In sum, the persistent disconnect between current 
healthcare education and the realities of AI-driven 
clinical environments demands urgent and systemic 
attention. Addressing this gap is not merely a technical 
challenge but a curricular and organisational imperative. 
As AI continues to reshape healthcare delivery, the abil-
ity of medical professionals to engage meaningfully with 
these technologies will increasingly define the quality, 
equity, and effectiveness of care.

A new paradigm for AI education in healthcare
To prepare healthcare professionals for the emerging 
realities of AI-enhanced clinical practice, a fundamental 
shift in medical education is required. This new paradigm 
must move beyond sporadic exposure to digital tools and 
instead offer structured, longitudinal, and competency-
based training that reflects the complexity of AI applica-
tions in healthcare [11, 12].

Rethinking competency: the consumer–translator–
developer model
A widely cited framework proposes a three-tier classi-
fication of AI engagement for healthcare professionals: 
consumers, translators, and developers [12, 19]. Table  2 
outlines the core learning objectives and assessment 
strategies associated with the three-tier AI competency 
framework proposed by Ng et al. [12] for differentiated 
integration of AI into healthcare education. This model 
supports differentiated learning trajectories that are 
aligned with the specific responsibilities and needs of 
various professional profiles:

 	• Consumers (e.g., general practitioners, nurses) 
should be equipped to interpret AI outputs 
critically, understand model limitations, and apply 
AI-generated insights to patient care.

 	• Translators (e.g., clinical informaticians, physician–
data science liaisons) act as intermediaries between 
developers and clinicians, helping integrate AI tools 
into workflows while ensuring clinical relevance.

 	• Developers (e.g., clinician scientists with 
programming expertise) require technical training 
to design, evaluate, and validate AI models using 
healthcare data.

Pedagogical strategies and curriculum integration
Moving from theory to practice, various institutions 
have developed AI-integrated curricula that illustrate 
feasible and scalable approaches to teaching AI in medi-
cal settings. The following examples from Europe, North 

Table 2  AI competency profiles in healthcare education
Category Learning objectives Suggested assessment methods
Consumer • Identify clinical tasks appropriate for AI assistance • Multiple-choice questions (MCQs)

• Interpret AI-generated risk scores or predictions • OSCE station with AI tool interpretation
• Recognise limitations and biases in AI outputs • Structured reflection

Translator • Critically evaluate the clinical relevance of AI models • Case-based discussions
• Communicate AI results to patients or interdisciplinary teams • Role-play or communication OSCE
• Propose workflows for integrating AI • Reflective portfolios

Developer • Implement basic predictive models using healthcare data • Project-based assignments
• Validate models against clinical metrics • Code walkthroughs
• Explain algorithmic design choices • Oral examination of model logic
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America, and Asia, illustrate diverse formats, institu-
tional contexts, and pedagogical strategies:

 	• Stanford Medicine’s AI Clinical Coach (AI 
CliC), which uses AI to support metacognitive 
development through reflective clinical reasoning1

 	• The Charit’e “AI in Medicine” elective2, which 
incorporates ethical and technical content into 
clinical modules;

 	• The NUS Healthcare AI Expo & Datathon, which 
promotes interdisciplinary collaboration through 
hands-on prototype development3;

 	• The AiM-PC curriculum by the Society of Teachers 
of Family Medicine, which offers modular, CME-
accredited training for primary care professionals4;

 	• Stanford Online’s AI in Healthcare Certificate, a 
professional development course covering practical 
tools, clinical use cases, and implementation 
strategies5.

 	• Guangdong Medical University’s AI Medical School, 
launched in 2025, is China’s first dedicated artificial 
intelligence medical school, aiming to cultivate 
AI-literate healthcare professionals through a fully 
integrated virtual–real learning environment6.

A promising strategy is to integrate AI content longitudi-
nally across the medical curriculum, rather than isolating 
it in elective modules or standalone courses. Embedding 
AI concepts into preclinical and clinical subjects, such as 
radiology, pathology, pharmacology, and public health, 
enables learners to encounter AI in real-world contexts 
[16, 44]. For instance, students may be asked to critically 
assess AI-generated risk scores during case-based learn-
ing exercises or consider AI-supported imaging tools in 
diagnostic simulations [45].

This integrated approach allows students to engage 
with AI as both a tool and a subject of analysis, building 
their capacity to interpret, evaluate, and apply AI out-
puts responsibly. The aim is not to transform all medical 
students into AI developers, but to ensure they acquire 
sufficient literacy to collaborate with technical teams, 
advocate for patient interests, and identify the clinical 
implications of emerging technologies.

1 ​h​t​t​p​​s​:​/​​/​m​e​d​​.​s​​t​a​n​​f​o​r​​d​.​e​d​​u​/​​e​d​t​​e​c​h​​/​p​o​r​​t​f​​o​l​i​​o​/​a​​i​-​c​l​​i​n​​i​c​a​l​-​c​o​a​c​h​.​h​t​m​l, accessed 
July 18, 2025.
2 ​h​t​t​p​​s​:​/​​/​v​o​l​​k​a​​m​e​r​​l​a​b​​.​o​r​g​​/​e​​d​u​c​​a​t​i​​o​n​/​a​​i​-​​i​n​-​m​e​d​i​c​i​n​e, accessed July 18, 2025.
3 ​h​t​t​p​​s​:​/​​/​m​e​d​​i​c​​i​n​e​​.​n​u​​s​.​e​d​​u​.​​s​g​/​​d​b​m​​i​/​e​v​​e​n​​t​s​/​​s​i​n​​g​a​p​o​​r​e​​-​h​e​​a​l​t​​h​c​a​r​​e​-​​a​i​-​d​a​t​a​t​h​o​
n​-​e​x​p​o, accessed July 18, 2025.
4 ​h​t​t​p​​s​:​/​​/​s​t​f​​m​.​​o​r​g​​/​t​e​​a​c​h​i​​n​g​​r​e​s​​o​u​r​​c​e​s​/​​c​u​​r​r​i​​c​u​l​​u​m​/​a​​i​m​​-​p​c​/​a​i​m​l​_​c​u​r​r​i​c​u​l​u​m, 
accessed July 18, 2025.
5 ​h​t​t​p​​s​:​/​​/​o​n​l​​i​n​​e​.​s​​t​a​n​​f​o​r​d​​.​e​​d​u​/​​p​r​o​​g​r​a​m​​s​/​​a​r​t​​i​f​i​​c​i​a​l​​-​i​​n​t​e​​l​l​i​​g​e​n​c​​e​-​​h​e​a​l​t​h​c​a​r​e, 
accessed July 18, 2025.
6 ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​c​h​i​​n​a​d​a​​i​l​​y​​.​c​​​o​m​​.​​c​​n​​/​a​/​​2​0​​2​​5​0​​​7​/​0​​2​/​W​​S​6​​8​6​4​​8​3​3​f​​a​3​1​​0​0​​0​e​9​a​5​7​3​​9​a​
6​2​.​h​t​m​l, accessed July 18, 2025.

Multimodal learning and educational technology
Pedagogical innovation is central to this paradigm shift. 
A mix of active learning methods, including problem-
based learning (PBL), simulations, design thinking, and 
case-based analysis, has demonstrated strong potential to 
foster critical thinking, adaptability, and interprofessional 
collaboration [22, 23, 46].

For example, PBL supported by AI-enhanced vir-
tual patients has been found to increase engagement 
and learning retention among pharmacy and medical 
students [21]. In simulation-based studies, AI-driven 
diagnostic tools have enhanced clinical reasoning and 
decision-making skills [22, 47]. These results suggest 
that combining AI content with experiential learning 
enhances both conceptual understanding and real-world 
readiness.

Design thinking, which involves iterative problem-
solving through the phases of inspiration, ideation, and 
implementation, has also proven effective in developing 
AI competencies. Lin and Chang [26] demonstrated that 
STEAM-based design thinking instruction enhanced 
both creativity and AI conceptualisation among Euro-
pean university students. Similarly, the HPI Design 
Thinking Studio in Digital Health offers a 22-day inter-
disciplinary programme where students, clinicians, and 
engineers co-develop AI-based healthcare solutions 
grounded in patient needs.

AI also enables personalised and adaptive learning. 
Large language models, such as ChatGPT, can serve as 
virtual tutors, facilitating self-directed learning and pro-
viding context-specific feedback [24, 25]. These tools can 
support students in reviewing material, generating clini-
cal scenarios, or exploring decision trees, thus reinforc-
ing both domain knowledge and digital fluency [48].

Institutional readiness and faculty development
Embedding AI into medical education also requires insti-
tutional investment in infrastructure, faculty training, 
and curriculum reform. Many educators currently lack 
expertise in AI concepts, pedagogy, or tool evaluation 
[18]. Faculty development programmes must address this 
gap by equipping instructors with the skills to teach AI 
fundamentals and collaborate across disciplines [27].

Collaborative networks, within and between institu-
tions, are crucial for pooling resources, sharing best 
practices, and maintaining curricular relevance. Studies 
suggest that open, geographically distributed academic 
networks foster more innovation than closed, localised 
ones [28]. Hackathons, co-taught modules, and interna-
tional exchange programmes can accelerate knowledge 
transfer and pedagogical experimentation.

Moreover, integrating AI education into existing com-
petency frameworks ensures alignment with accredita-
tion standards and national benchmarks. The inclusion of 

https://med.stanford.edu/edtech/portfolio/ai-clinical-coach.html
https://volkamerlab.org/education/ai-in-medicine
https://medicine.nus.edu.sg/dbmi/events/singapore-healthcare-ai-datathon-expo
https://medicine.nus.edu.sg/dbmi/events/singapore-healthcare-ai-datathon-expo
https://stfm.org/teachingresources/curriculum/aim-pc/aiml_curriculum
https://online.stanford.edu/programs/artificial-intelligence-healthcare
https://www.chinadaily.com.cn/a/202507/02/WS6864833fa31000e9a5739a62.html
https://www.chinadaily.com.cn/a/202507/02/WS6864833fa31000e9a5739a62.html
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AI within evidence-based medicine (EBM), clinical rea-
soning, or digital health competencies helps normalise its 
presence and reinforce its legitimacy within core training 
structures [20, 29].

These strategies, ranging from curriculum integration 
and interdisciplinary team teaching to experiential learn-
ing, represent key levers for embedding AI education into 
healthcare training. Figure 1 illustrates these core peda-
gogical pillars, synthesising the foundational elements of 
a reimagined AI-ready curriculum.

Practical approaches to AI education
A multifaceted teaching approach combining active and 
passive learning strategies, such as PBL and simulations 
and integrating also AI as educational tool (e.g., Chat-
GPT as a virtual tutor [24, 25], AI-driven diagnostic 
algorithms used in PBL case studies [45, 47]), fosters an 
effective learning environment for healthcare students 
[21]. As AI continues to advance, integrating AI-based 
technologies, such as chatbots, into these educational 
strategies may further enhance student motivation and 
learning outcomes, mainly when supported by instruc-
tors [49].

PBL has proven highly effective in healthcare educa-
tion by enhancing student learning and problem-solving 
skills. In a study by Benedict [21], students participat-
ing in AI-enhanced virtual patients reported higher 
engagement and knowledge retention scores compared 
to traditional case-based sessions. Similarly, Dubovi 
[22] demonstrated that students trained using AI-based 
simulation modules achieved significantly higher clini-
cal reasoning scores in post-intervention assessments. It 
enables students to learn course content by solving real-
world problems, fostering flexible knowledge acquisition, 
self-directed learning, collaboration skills, critical think-
ing, and intrinsic motivation [23]. In nursing education, 
PBL has demonstrated significant positive effects on 

teamwork, problem-solving, and critical thinking skills, 
which are vital for healthcare professionals [46].

Simulations, especially when combined with PBL, 
provide a safe and controlled environment where stu-
dents can apply theoretical knowledge to practical sce-
narios. Online computer-based simulations have become 
increasingly prevalent in nursing education, improving 
students’ clinical reasoning skills [22]. Integrating high-
quality learning objects such as interactive web pages 
and video-based reflections has increased student satis-
faction, exam performance, and self-efficacy in nursing 
tasks [50]. Additionally, the use of AI-powered applica-
tions in language learning has shown promise, with stu-
dents expressing positive perceptions of their utility in 
educational contexts [51]. Indeed, in today’s increasingly 
globalised medical education landscape, many students 
train away from their home countries and conduct their 
studies in English, even if it is not their native language. It 
makes professional English proficiency essential for clini-
cal communication and academic success. Consequently, 
AI-driven language-learning tools retain relevance within 
the integration of AI curricula, particularly in support-
ing English as a Foreign Language (EFL) learners in 
healthcare contexts. For instance, a 2024 study found 
that AI-powered EFL platforms enhanced pronuncia-
tion, vocabulary retention, and metacognitive strategies 
among users by providing adaptive, real-time feedback 
and fostering self-regulated learning [52].

Real-world case studies play a pivotal role in contex-
tualising AI applications in healthcare, offering valuable 
insights into the practical implementation and impact 
of these technologies. Educators and policymakers can 
identify critical success factors and challenges by exam-
ining successful AI implementations and shaping strat-
egies for future adoption [53]. One effective method 
involves categorising case studies based on key factors 
such as policy setting, technological implementation, 

Fig. 1  Core pedagogical elements for integrating AI into healthcare education: interdisciplinary collaboration, competency-based design, curriculum 
integration, and innovative teaching strategies. These pillars reflect the practical foundations for building an AI-literate healthcare workforce
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and measurement of medical and economic impact. This 
structured framework highlights essential elements, such 
as privacy-focused technology infrastructure and quanti-
fiable impact metrics, which are crucial for assessing the 
real-world value of AI technologies [53].

Despite the demonstrated efficacy of AI in healthcare 
research, a significant gap remains between theoretical 
advancements and their practical applications in preven-
tive, diagnostic, and therapeutic contexts [53]. Bridging 
this gap requires systematically analysing real-world case 
studies to derive actionable insights into best practices, 
challenges, and success factors for AI implementation. 
Such studies can inform policy development, technologi-
cal design, and impact assessment strategies, ultimately 
translating scientific innovation into real-world health-
care improvements [53, 54].

The practical integration of AI into healthcare educa-
tion requires a balanced approach that combines estab-
lished pedagogical strategies with innovative AI-driven 
solutions. By leveraging techniques such as PBL, simu-
lations, and real-world case studies alongside emerging 
AI technologies, educational institutions can provide 
healthcare students with a dynamic and engaging learn-
ing experience. This approach enhances technical and 
problem-solving skills, ensuring that students are pre-
pared to navigate the ethical and practical challenges 
of implementing AI in clinical practice. Collaboration 
among educators, AI experts, and policymakers is essen-
tial to create a responsible and practical framework for 
AI education, ultimately bridging the gap between inno-
vation and practical application.

The role of AI in continuous professional 
development
Artificial intelligence (AI) has the potential to transform 
healthcare by reshaping how clinicians are trained to 
diagnose, treat, and manage care using advanced digital 
tools. Beyond formal education, AI is also playing a piv-
otal role in lifelong learning and continuous professional 
development (CPD), enabling adaptive, data-informed 
training tailored to the evolving needs and contexts of 
healthcare professionals.

One of AI’s most significant contributions to CPD is its 
capacity to deliver personalised learning experiences tai-
lored to individual clinicians’ learning styles, preferences, 
and knowledge gaps [34]. By analysing performance data 
and learning patterns, AI systems can optimise content 
delivery, enhancing learning outcomes and ensuring edu-
cational interventions are both efficient and impactful. 
Ultimately, this personalisation supports higher-quality 
care delivery to patients.

AI-enabled platforms also offer data-driven insights 
into professionals’ performance, engagement levels, and 
even emotional states, enabling educators to adapt their 

teaching strategies and deliver targeted support [34]. 
Such continuous feedback mechanisms enable clinicians 
to identify areas for improvement and stay current with 
the latest advancements and best practices.

In specialised areas such as diabetes education, AI 
technologies facilitate tailored educational interventions 
that address individual characteristics and needs [55]. 
This customised approach supports healthcare profes-
sionals in managing complex, chronic conditions. It con-
tributes to improved patient outcomes and quality of life. 
Similarly, the application of AI tools in mental health 
care and neurobiological research, fields where AI adop-
tion has been limited thus far, holds promise in alleviat-
ing workforce shortages while enhancing diagnostic and 
treatment capabilities [37, 56].

Nevertheless, the assistive role of AI is not guaran-
teed and may be compromised under financial or work-
force constraints. For example, start-ups such as Sword 
Health7 reportedly aim to increase clinician caseloads 
from approximately 200–300 to 700 patients per pro-
vider through AI-driven automation for messaging and 
triage. Hinge Health8 claims to have reduced clinician 
therapy time by up to 95% by leveraging AI and com-
puter vision. While such automation may increase access 
and lower costs, it also risks clinician deskilling, reduced 
patient interaction, and prioritisation of throughput over 
care quality. These concerns underscore the necessity for 
robust institutional policies, effective regulatory over-
sight, and professional standards to ensure that AI con-
tinues to augment, rather than replace, clinical practice.

To remain proficient in an AI-enabled clinical land-
scape, healthcare professionals should (1) assess the clini-
cal need for AI tools in their own practice, (2) conduct 
formal evaluations of such tools before adoption, and (3) 
use AI as a support mechanism, not a substitute for pro-
fessional judgement [35].

Engagement in AI-focused CPD across domains such 
as diagnostics, prognostics, and hospital operations is 
also vital [36]. Furthermore, active involvement in AI 
research and development can ensure that technologies 
evolve in alignment with clinical realities.

AI is reshaping healthcare through innovation in diag-
nosis, treatment recommendations, and patient engage-
ment [57]. To fully harness these benefits, clinicians must 
not only develop fluency with AI tools but also learn to 
assess their relevance, limitations, and context-specific 
value [35]. Given that AI development is still primarily 
led by computer scientists, engineers, and entrepreneurs, 
with limited input from healthcare practitioners, particu-
larly in radiology, greater clinical engagement is essential 

7 http://www.swordhealth.com
8 http://www.hingehealth.com

http://www.swordhealth.com
http://www.hingehealth.com
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to ensure that implementation is both safe and clinically 
meaningful [35].

AI-powered clinical decision support tools exemplify 
how AI can enhance professional judgement by stream-
lining information synthesis and supporting more accu-
rate diagnoses and treatment planning. However, to 
ensure their responsible use, healthcare professionals 
must receive targeted training that addresses the ethi-
cal, social, and technical dimensions of these systems 
[20, 32, 58]. It includes understanding the implications 
of fairness, transparency, and patient autonomy, compe-
tencies that are critical for integrating AI tools effectively 
into clinical workflows [20]. Moreover, as AI technolo-
gies continue to evolve, their role is best conceived as 
augmentative rather than substitutive. Properly imple-
mented, AI has the potential to relieve clinicians from 
routine administrative tasks, thereby allowing more time 
for compassionate, patient-centred care [59]. Yet, realis-
ing this potential depends on careful alignment between 
technological design and professional development strat-
egies that foreground ethical considerations such as pri-
vacy, bias mitigation, and explainability [37] (cf. Ethics 
and governance section).

In summary, AI presents transformative opportunities 
for CPD in healthcare. When supported by ethical safe-
guards and collaborative frameworks, AI can enhance 
clinical knowledge, promote informed decision-making, 
and ultimately advance medical care.

Ethics and governance
The integration of artificial intelligence into healthcare 
education and clinical practice introduces complex ethi-
cal and governance challenges that must be addressed 
to ensure responsible use. As AI systems increasingly 
influence diagnostic pathways, treatment decisions, and 
workflow design, healthcare professionals must possess a 
foundational understanding of their ethical implications 
[20, 58].

Core ethical dimensions
Four major ethical dimensions must be considered in the 
context of AI in healthcare:

 	• Bias and Fairness: AI systems trained on non-
representative or biased datasets risk perpetuating 
or amplifying existing disparities in healthcare access 
and outcomes. Bias can enter at various stages such 
as data collection, algorithm development, model 
validation, and deployment [31, 60]. Fairness-aware 
design and routine bias audits are necessary, and 
clinicians must be trained to assess AI outputs 
for potential inequities critically. Vulnerable 
populations, such as older adults, are particularly 
at risk of harm when AI-based decisions fail to take 

into account individual values, cultural contexts, 
or communication barriers. If left unchecked, 
algorithmic bias may compound health inequities or 
erode trust. However, there is evidence that well-
designed AI tools can also enhance understanding 
and shared decision-making by providing clear, 
personalised insights, thereby increasing patient trust 
in care pathways [61, 62].

 	• Transparency and Explainability: Many AI systems 
operate as opaque “black boxes,” hindering 
clinical trust and regulatory approval. Healthcare 
professionals must be able to interpret and explain 
AI-generated recommendations, particularly in high-
stakes settings. Explainable AI (XAI) is an expanding 
field that aims to make algorithmic decisions 
interpretable. Training clinicians to critique rather 
than unquestioningly accept AI outputs is crucial for 
preserving professional autonomy [3, 63].

 	• Accountability and Liability: When AI systems lead 
to error or harm, the question of legal responsibility, 
whether attributed to developers, clinicians, 
or institutions, remains unresolved in many 
jurisdictions. Medical education should prepare 
learners to engage with complex scenarios involving 
shared accountability and legal ambiguity, enabling 
them to manage risk proactively [32, 60].

 	• Privacy and Data Governance: The large-scale 
collection of personal health data required to train 
AI systems raises essential concerns regarding 
consent, data minimisation, third-party use, 
and cybersecurity. While the European General 
Data Protection Regulation (GDPR) offers a legal 
foundation for data governance, ethical AI education 
must also emphasise the principled understanding of 
privacy, digital rights, and data ownership [30, 33].

Embedding ethics into AI education
Ethics should not be confined to isolated modules within 
the curriculum. Instead, ethical considerations must 
be integrated both vertically and horizontally across AI 
education. This approach helps learners develop applied 
ethical reasoning and understand the balance between 
technological innovation and clinical responsibility.

Key strategies include:

 	• Interdisciplinary Team Teaching: Involving educators 
from medicine, ethics, law, computer science, and 
the social sciences to reflect the interdisciplinary 
collaboration required in real-world AI development 
and governance [64].

 	• Case-Based Discussions: Using scenarios that 
simulate ethical dilemmas, such as algorithmic triage, 
data use, or AI-driven decision-making, to promote 
critical reflection and moral reasoning.
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 	• Reflective Assignments and Portfolios: Encouraging 
students to document their interactions with AI 
tools, both in simulations and clinical environments, 
helps build ethical awareness and professional 
accountability.

 	• Familiarity with Regulatory Frameworks: Students 
should be introduced to key legal instruments, 
including the GDPR, the EU AI Act, and health-
specific data protection regulations. These 
frameworks serve as essential anchors for discussing 
accountability, transparency, and trust in AI [30, 65].

Faculty development and institutional support
Effective integration of AI ethics also requires invest-
ment in faculty training. Many healthcare educators lack 
formal expertise in AI technologies and digital ethics. 
Institutions should offer professional development pro-
grammes covering:

 	• Core AI principles and limitations;
 	• Ethical design and evaluation of AI tools;
 	• Data protection regulations and compliance;
 	• Inclusive and bias-conscious pedagogical strategies.

Beyond training, institutions should establish gover-
nance mechanisms to ensure responsible use of AI within 
education. Tools such as ChatGPT or adaptive learning 

systems must be assessed not only for educational value 
but also for their risks concerning data collection, 
autonomy, and equity [66, 67]. This requires transpar-
ent procurement practices, oversight committees with 
multidisciplinary representation, and institution-wide 
innovation policies grounded in professional values and a 
commitment to public trust.

In conclusion, ethical engagement with AI is not an 
optional skill - it is foundational. Embedding ethics and 
governance throughout medical curricula, investing in 
faculty capacity, and implementing institutional safe-
guards are essential steps towards cultivating health-
care professionals who are both technologically fluent 
and morally grounded. Only then can the promise of AI 
enhance, rather than undermine, the human element at 
the core of medical practice.

Conclusion: a roadmap to reimagining healthcare 
education
AI is transforming clinical practice, yet medical educa-
tion has not kept pace. As this manuscript has shown, 
embedding AI into healthcare education requires not 
only curricular reform but also ethical preparedness, 
institutional collaboration, and tailored professional 
development [12, 16, 17].

To guide this transformation, Fig.  2 presents a con-
ceptual framework structured around four foundational 

Fig. 2  Strategic framework for integrating AI into healthcare education, comprising four pillars: curriculum integration, cross-sector collaboration, ethical 
and regulatory preparedness, and professional development
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pillars, each supported by targeted implementation 
strategies:

Strategic Roadmap for Action
 

1.	 Integrate AI into Curricula

 	• Embed AI content longitudinally into existing 
subjects, especially clinical reasoning and 
evidence-based medicine [16, 44].

 	• Use PBL, simulations, and case-based methods to 
contextualise AI concepts [21, 22].

2.	 Enhance Academic-Industry-Government 
Collaboration

 	• Foster curriculum co-design with public and 
private stakeholders [43].

 	• Promote interdisciplinary teaching teams and 
global hackathon models [28].

3.	 Address Ethical and Regulatory Concerns

 	• Teach algorithmic bias, explainability, data 
governance, and accountability frameworks [30, 
31].

 	• Familiarise students with GDPR, the EU AI Act, 
and national ethics guidelines [32, 33].

4.	 Prepare AI-Literate Professionals

 	• Adopt a three-tier model that distinguishes 
between consumers, translators, and developers 
[12].

 	• Establish pathways for lifelong learning and CPD 
in AI tools and critical evaluation [34].

Table  3 outlines how this model can be operationalised 
within healthcare education, detailing the competencies, 
assessment methods, and delivery formats tailored to 
each learner profile.

By following this roadmap, institutions can prepare 
healthcare professionals to critically engage with AI tech-
nologies while upholding patient-centred values and pro-
fessional responsibility.

To advance the field, several research questions war-
rant further investigation:

 	• What is the optimal timing and sequence for 
integrating AI competencies into medical curricula?

 	• Which assessment tools most effectively measure 
both technical and ethical AI competence in 
healthcare trainees?

 	• How can faculty development programs best support 
interdisciplinary AI instruction across medicine, 
computer science, and ethics?

Answering these questions is essential to operationalising 
this framework and ensuring AI integration in healthcare 
education is evidence-informed, ethically grounded, and 
globally scalable.
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Delivery 
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students, 
generalists

Interpret 
AI outputs, 
recognise limita-
tions, apply 
responsibly

MCQs, 
OSCEs, 
structured 
reflections

Embed-
ded into 
clinical 
case 
studies 
and PBL

Translator Clinical leaders, 
informaticians

Communicate 
model outputs, 
evaluate 
relevance, guide 
implementation

Role plays, 
peer 
feedback, 
imple-
mentation 
plans

CPD 
modules, 
interdis-
ciplinary 
simula-
tion work-
shops

Developer Research-ori-
ented clinicians, 
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Build and vali-
date AI models 
using healthcare 
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Capstone 
projects, 
code re-
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examina-
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summer 
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based 
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