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Abstract

Background: The continuous assimilation of modern technologies in medical sector has imposed a corresponding evo-
lution in education, with innovations like Digitalization and Artificial Intelligence (Al) gaining increasing importance glob-
ally. Nevertheless, the absence of Al and digital content in the formal curriculum reflects a broader challenge in adapting
medical education to the rapidly evolving field of healthcare technology. The next generations of medical students must
be more likely to incorporate digital and Al-based elements into their practice; therefore, this research seeks to examine
medical students' existing perceptions regarding their role in medical education and practice.

Methods: This review explored how digitalization and Al-based innovations affect medical students' education. Research-
ers searched Scopus, Medline/PubMed, Embase, EconLit, Web of Science, and Google Scholar for articles published
between January 2020-March 2026, using specific inclusions and exclusions.

Results: Many students demonstrate a strong interest in incorporating digital tools and Al-driven innovations into their
learning processes. This has been supported by their belief in the necessity of these technologies for future medical
practitioners. However, while students express considerable enthusiasm, they report sizeable gaps in both overall under-
standing of the technologies involved as well as in their experience using them. The internet and social media identified
by the majority of students as the main source of information regarding Al and digital application technologies. Students’
demographic characteristics, affect how understand, perceive, and engage with Al and digitalization.

Conclusion: The findings underscore the critical need to embed fundamental knowledge concerning digitalization and
Al-driven advancements into medical curricula, aiming to empower practical skills of future medical providers. This in-
tegration must adhere to ethical principles and supported by institutional policies alongside curriculum modifications.
Participation in experiential learning opportunities, like workshops, case studies, and team-based projects, can improve
their ability to apply Al concepts in clinical environments, ultimately fostering greater confidence in handling developing
technologies.

Keywords: Medical students; Atrtificial intelligence; Digitization; Medical education; curricula; Student readiness; knowl-
edge; Perceptions; Teaching/learning strategies
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Introduction

The field of medical knowledge is experiencing rapid growth,
which compels physicians remain up-to-date and proficient
in analysis, communication, and the rapid retrieval of med-
ical information from diverse data sources. The COVID-19
pandemic has underscored the fact that digitalization and
Al-driven tools are transforming the functions of physicians
and greatly affecting medical teaching and learning through
the establishment of metacognitive rich student-centered en-
vironments, requiring adaptation to these distinctly different
healthcare settings compared to traditional teaching meth-
ods. Historically, medical education has depended largely
on didactic methods, mainly through lectures and textbooks,
which promote a passive learning attitude. Practical train-
ing methods have traditionally included cadaver dissections,
clinical rotations under supervision, and direct interaction
with patients for clinical skill development. Nonetheless, de-
spite the effectiveness of the traditional teaching methods,
there are certain challenges that come with them. These
challenges include significant inconsistency of instruction,
persistent challenges of coordinating standards across insti-
tutions, the potential for cognitive overload, and little room
for customized learning for a given individual. Against this
backdrop, integration of digital technologies and advances
in Al marks a notable shift in medical education landscape.
This evolution, marked by the emergence of advanced per-
sonalized learning models and immersive simulation tech-
nologies, is radically reshaping clinical education, presenting
significant possibilities for improving curriculum design and
fostering continuous professional development. With roots in
constructivist and experiential learning theories, these tools
give immediate feedback and assessment, fostering greater
learner engagement. At the same time, they support medi-
cal students in reinforcing knowledge retention by encour-
aging active participation, reflective practice, and applying
knowledge in real-world situations. Therefore, the readiness
of future medical providers to harness and adopt Al and dig-
ital tools, along with the relevant knowledge and skills as
a natural method of service delivery, is crucial for improv-
ing the quality of healthcare services offered. This implies
that, among various other factors, institutions like universi-
ties must gradually guarantee that all stakeholders, includ-
ing undergraduate medical students, obtain the necessary
knowledge, skills, and attributes to utilize effectively these
advanced technologies, by modifying their curricula accord-
ingly [1-4].

Medical education to date has typically concentrated on cul-
tivating communication skills pertinent to patient care and
the implementation of systems-based practices following an
initial phase of preclinical lectures. Nevertheless, recent re-
search highlights the effectiveness of Al algorithms across
multiple medical fields, such as ophthalmology, pathology,
dermatology, radiology, and pulmonology. Despite the lack

of evidence endorsing the integration of Al tools and digi-
talization into everyday patient care practices, and notwith-
standing the possibility of a swift proliferation of various
applications, opportunities for students to engage with uni-
versities and medical programs that impart these concepts
are infrequent. Research examining students’ perceptions
toward these technologies related to specific fields is only
now emerging. In some studies, it seems that most students
want to integrate digital tools and intelligent algorithms, along
with their application in clinical settings and their incorpora-
tion into educational programs. On the other hand, a few stu-
dents express a desire to avoid certain medical specialties,
like radiology, due to the belief that Al may pose a threat to
the roles of medical providers. In the majority of them, medi-
cal curricula have not yet systematically integrated education
in relation to Al and digitalization. However, given the grow-
ing involvement of Al-powered tools and digital technologies
in clinical diagnosis, decision-making, and patient care, it is
more than just desirable for medical students to develop ba-
sic skills that will help them navigate changes in the health-
care sector effectively [5-9].

Ultimately, the present study seeks to address a notable de-
ficiency in undergraduate medical students’ understanding,
attitudes and satisfaction towards digitalization and Al-driven
tools, their applications in medical practice, and their views
on the need to integrate these elements into their medical
curriculum. The development of evidence-based medicine
has led to the expectation that physicians should have the
maximum information, but also the appropriate skills and
knowledge to utilize research and scientific methodologies
to enhance medical practice. Integrating Al and digital tech-
nologies into medical curricula can equip students with a ro-
bust understanding of Al and digital principles, applications,
and the associated ethical considerations. The impact of
personal experience with Al and digitalization is correlated
positively to performance and this is recognized worldwide.
Consequently, inadequate preparedness among graduate
students can negatively affect the quality of healthcare and
its outcomes.

Materials and Methods

Aim of the Study

The main aim of this review was to explore the worldwide
opinions (including perceptions, beliefs, attitudes, and pref-
erences) of undergraduate medical students toward Al-
based and other sophisticated digital technologies. The sur-
vey gathered data on students' familiarity and understanding
of digital applications and Al-powered innovations, and how
these can contribute to enhancing their skills, elevating their
readiness and confidence in utilizing these technologies and
ultimately better preparing future physicians with the neces-
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sary expertise. In addition, we aimed to determine whether
variables such as gender, age, or other demographic factors
influence their opinions. Under the mentioned assumptions,
this study explores the following primary Research Ques-
tions (RQs) that constitute its central focus:

RQ1. In what ways does the introduction of digital and
Al-driven technologies into healthcare change the need for
student education in medical schools?

RQ2. What advantages do modern technologies offer in en-
hancing the medical knowledge and practices necessary for
students to be properly prepared in an ever-changing envi-
ronment?

RQ3. What degree should medical schools and faculty con-
sider including Al/digitalization in their medical curricula and
what could be done to improve infrastructure or training?
RQ4. What are the essential elements and concerns that
medical schools should consider regarding modern technol-
ogies in their curricula?

Methods

This review aimed to examine relevant factors such as
awareness, interest, perceived advantages, concerns, atti-
tudes, and training requirements related to advancements in
digital technologies and Al innovations targeting the elderly.
Additionally, it sought to assess how these developments

influence the education and clinical practice of medical stu-
dents. For this reason, a targeted literature review was car-
ried out across multiple academic databases, such as Sco-
pus, Medline/PubMed, Embase, EconLit, Web of Science,
and Google Scholar. Additionally, this review examined how
these developments are shaping medical schools’ curricu-
la. Moreover, emphasis was placed on the innovative usage
of digital and Al-based applications among undergraduate
medical students, alongside the increasing moral and ethi-
cal discussions surrounding the usage of these technologies
as instruments for preparing future medical professionals.
The research was limited and included electronic databases
spanning from January 2020 to March 2026. The search ter-
minology indexed vocabulary and free-text keywords related
to Al, digitalization, and healthcare, was used through the
following Boolean operators and Medical Subject Headings
(MeSH): ("Artificial Intelligence"[Mesh] OR "Al" OR "Digitali-
zation" OR "Machine Learning") AND ("Perception” OR "At-
titudes" OR "Opinions" OR "Views") AND ("Teachers"[Mesh]
OR "Faculty" OR "Educators" OR "Instructor" OR "Tutor"
OR "Professor" OR "Lecturer" OR "Teacher") AND ("Educa-
tion"[Mesh] OR "Medical Education" OR "Health Professions
Education" OR "Health Sciences Education" OR "Medical
Practice" OR "Clinical Practice" OR "Training") AND ("Health
Professions" OR "Health Careers").

Identification of studies via databases and registers
=
= Records removed before
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Figure 1. PRISMA-style flow diagram depicting study identification, screening, eligibility, and inclusion process.
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This literature review was conducted in accordance with
the reporting standards described by Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA
2020) guidelines. In this context, the researchers involved
five main steps where the researchers: 1) identified relevant
studies, 2) screened these studies, 3) extracted and collat-
ed the data, 4) synthesized the gathered information, and
5) presented the results, as illustrated in Figure 1. A total of
1,532 studies were initially identified. The research team's
information specialist exported these records to Zotero and
removed duplicates, yielding a total of 734 unique articles.
An additional pilot test was then conducted before the titles,
abstracts and keywords were rated independently by two
researchers against support for study objectives with a fo-
cus on English-language studies that could provide widely
applicable insights. Using this approach, 167 articles were
identified after screening following the exclusion of 567 ar-
ticles. The same reviewers subsequently performed a more
in-depth review of the full texts to determine whether they
met our eligibility criteria with respect to the study aims. At
this stage, 98 eligible articles were selected for in-depth eval-
uation and at least five more were excluded after full text as-
sessment. In total, 93 articles were included in the qualitative
synthesis [10].

Results

The research articles considered in this study, are drawn from
different regions like North America, Asia, Europe, the Middle
East, and Australia; they indicate the growing trend of eval-
uating the way undergraduate medical students understand
the effects of digitalization and Al-driven innovations on their
education and future career development. Analyzing stu-
dents’ perspectives is crucial for ensuring that the application
of modern technologies align with the objectives of medical
academic performance, while also directing the development
of programmes that enhance educational outcomes, and ad-
equately meet student needs. Although research-focused
studies thus far have yielded significant insights regarding
the various applications of digitalization and Al integration, it
is crucial to also take into account the human element.

Perspectives on innovative Technologies in medical cur-
ricula

Beyond its role as a technical tool, Al also possesses
far-reaching implications that are significant, since some
aspects affect the physician-patient interaction. Understand-
ably, the role of undergraduate medical students and their
training is recognized as essential and particularly for the up-
coming exploitation and enhancement of digitalization and
Al-embedded platforms, in meeting the continuously chang-
ing requirements of modern medical practice outcomes. Al-
ready, universities located in wealthy countries have begun
to integrate Al-supported applications, simulations and digi-

tal courses into their medical curricula, mostly on an optional
rather than a mandatory basis. However, medical schools in
less affluent regions often struggle with a lack of essential
infrastructure.

Optimism vs. Skepticism

Undergraduates’ perspectives regarding digitalization and
Al-enhanced tools in the context of educational and practical
experiences highlighted several positive trends. In general,
students view Al positively, with over 75% expressing the be-
lief that the integration of these modern technologies would
have a positive effect on the education of future medical prac-
titioners, their employability and would benefit their careers,
through the usage of virtual reality (VR), simulations and
personalized learning. It is different from traditional learning
tools like textbooks and lectures, which frequently promote
passive knowledge acquisition. Along the same lines, numer-
ous qualitative studies have showed that more than 80% of
undergraduates demonstrated a favorable attitude towards
Al and digitalization, holding the belief that these emerging
innovations not only encourages active learning, but will
also be decisive for improving the development of clinical
practice, diagnostic accuracy and decision-making. In recent
reports, students describe Al as a collaborator rather than
arival. On the contrary, there is a skepticism towards the ad-
equacy of existing infrastructure to support the incorporation
of Al and digital resources into the curriculum of the field of
medicine, especially in developing countries. This skepticism
includes critical limitations and considerations pertaining to
infrastructural barriers, faculty and institutional readiness,
ethics and data privacy, alongside a widespread lack of trust
in Al's technologies. Several studies anticipated reduced
patient-provider interaction and worries about the possible
dehumanization of medical care. Likewise, prominent issues
remain towards the possible replacement of specific medi-
cal specialties by digital and Al-powered applications in the
near future. Likewise, additional research raises concerns
that Al may limit the expression of “clinical judgment” and
“practical skills” by undergraduate students. In conclusion, it
becomes clear that the existing literature provides a variety
of different evidence according students' understanding of
digital and Al-driven innovations in relation to their academic
background [11-20].

Benefits Recognized

Undergraduate medical students recognize the high poten-
tial of digital technologies based on Artificial Intelligence to
enhance access to medical information and practices, espe-
cially their ability to aggregate, filter and summarize exten-
sive observational data, formulate diagnoses and ultimately
contribute with greater confidence to decisions. Similarly,
they consider that the use of simulated patients and intel-
ligent mannequins can reproduce complex human patho-
physiology by reacting adaptively to clinical interventions,
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thus contributing to the familiarization of students in difficult
emergency situations. Furthermore, all students involved ex-
pressed their gratitude for the timesaving benefits provided
by Al. All these capabilities are critical for advancing medical
research, improving decision-making processes, optimizing
medical advice, and increasing the accuracy and efficien-
cy of diagnostic methods in clinical settings. They also help
with imaging analysis, laboratory diagnosis, documentation,
workflow optimization, and speeding up various administra-
tive tasks. Notably, students appear to recognize the ability
of Al-based digital technologies role to improve patient care,
through improved clinical reasoning which is shaping per-
sonalized treatment and enhancing efficiency across various
medical procedures, including patient scheduling, preventive
health strategies, diagnostic accuracy, record management,
and the expedited treatment of rare diseases and genetic
disorders. Moreover, the benefits identified also include the
simplification of medical consultations, especially in rural re-
gions, through remote and 24/7 operation, and reducing hu-
man errors [7,11,21-23].

A review by Dave and Patel (2023) concluded that Al-driven
digital modalities notably enhance and facilitate human ef-
forts than traditional methods, by fostering distance learning,
training, and educational advancement for both students and
educators in locations with a paucity of human capital re-
sources, affecting both the academic and healthcare sector.
In this sense, large language models (LLMs) like ChatGPT
have proven to play a prominent role in the field of medical
education serving as virtual patients and medical instruc-
tors, developing case studies, or even designing personal-
ized learning programs. Similarly, undergraduates who uti-
lized ChatGPT demonstrated superior performance in terms
of user experience, functionality, and content organization
compared to those who chose to rely on traditional search
engines for their needs. Numerous research studies have
brought out the importance of Al-assisted learning through
VR and chatbots, providing students with accurate informa-
tion and the opportunity to repeatedly practice particularly in
complex medical procedures that they find themselves lag-
ging behind. It is an approach that classifies operator skills
with a high degree of sensitivity, helps students strengthen
their clinical reasoning abilities, enhances their engagement
and motivation for learning through real-time feedback, and
automatically detects errors, while minimizing the potential
risk of harm to actual patients [24-27].

Emerging Challenges, Concerns and Fears

Despite its benefits, just like any other technology, the use of
innovations based on digitalization and Al in the context of
student learning poses certain ethical and social concerns,
as well as skepticism regarding the methods of collecting,
storing and utilizing data. Al-augmented tools vary in their
capacity to adjust to natural language, customize content,
and assimilate user feedback. Thus, they serve as comple-

mentary options rather than conclusive answers. Research
has indicated worries that dependence on Al could diminish
critical thinking capabilities, and ongoing reliance on Al-driv-
en tools could lead to a decline in fundamental skills, critical
thinking, and problem-solving abilities. Students voiced ap-
prehensions about confidentiality, privacy, and the opaque
nature of numerous Al systems. Specifically, expressed
doubts regarding the techniques employed for data collec-
tion, storage, and usage. A third of medical students report
being content with the existing standard of data protection
training. Of these, only a small percentage (~20%) of medi-
cal students recommend data protection training, consider-
ing that application developers and medical institutions are
responsible for ensuring high data protection. Concerns re-
garding the lack of transparency and data governance also
included broader issues related to accountability and respon-
sibility for decisions made by Al integration. This situation
complicates students' understanding of the reasoning behind
specific answers and to identify methods for correcting their
errors, with participants questioning about what will happen
and what responsibilities will be assigned to them when er-
rors are made while utilizing Al as a reference. It appears
that the assessment of the effectiveness of Al-driven digital
applications and their accuracy in making critical decisions
presents significant communication challenges, which stem
to a large extent from the knowledge gap that exists between
medical professionals and engineers who design Al systems
[18,19,21,27-37].

Various ethical and regulatory considerations are rated by
medical students as of utmost importance. The inability of
Al-based applications to perpetuate biases in algorithms, the
lack of transparency, and its failure to replace fine-grained
human judgment. As such, the need to develop bias detec-
tion mechanisms to identify and correct inequalities in de-
cision-making regarding Al, while regular assessments by
various health professionals are considered to be able to
contribute to improving clinical judgment and decision-mak-
ing processes. Striking this equilibrium holds particular im-
portance, especially within data-intensive disciplines such as
radiology. An excessive dependence on artificial intelligence
in these contexts could potentially lead to several adverse
outcomes, including a decline in cognitive abilities among
future physicians, a reduction in authentic learning experi-
ences, instances of academic misconduct, and an impaired
process of knowledge acquisition. Another important aspect
pertains to the protection and security of private information
and sensitive data, since any application of Al involves huge
amounts of data that could inadvertently have confidential
information related to students or patients. In light of this,
the usage of Al for educational purposes must be done while
adhering to strict legislative criteria, such as those provided
by the General Data Protection Regulation (GDPR) or the
Health Insurance Portability and Accountability Act (HIPAA).
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Equally, the appropriate usage of Al by students poses an-
other set of issues. Of particular concern is the risk that stu-
dents possibly submitting artificially generated papers as
their own, which could compromise not only the integrity of
the education process but also the development of critical
thinking skills in students. The solution to such issues in-
volves the development of ethical guidelines by academic
institutions, the introduction of strict policies, and the forma-
tion of an environment where the ethical utilization of techno-
logical resources will be encouraged. Furthermore, it should
be noted that recent studies have shown that less than 20%
of Al training courses offered within the UK incorporate any
sort of data protection assessment. When it comes to in-
teractions with patients, the majority of students (ranging
from 40% to 50%) are concerned about the possibility of Al
eroding essential elements such as empathy and respect
required for establishing effective communication between
doctors and their patients. As for the existing literature on the
matter, most studies emphasize the concern that the use of
Al in diagnosing diseases and prescribing medications may
contribute to dehumanizing the process of treating patients
[5,18,19,21,29,30,34,38-46].

Specialty Impact

The awareness of the effects of Al-driven digital technologies
varies widely among medical specialties. It is often argued
that robots will not replace providers, as the core of medicine
lies in the physicians-patients close relationship. Neverthe-
less, a significant number of students are considering the
potential for Al to emerge as a formidable competitor, par-
ticularly in fields such as pathology, ophthalmology, radiol-
ogy, and dermatology, as well as other fields where Al has
demonstrated superior performance compared to the most
skilled professionals. In this regard, many students predicted
that Al will become an integral part of their professional in the
next 10 to 20 years; particularly, those specialties that involve
repetitive and predictable tasks are the most vulnerable to
automation. Specifically, in a study conducted in Australia,
students identified radiology (~73%), pathology (~58%), and
medical administration (~45%) as specialties most likely to
be affected by Al, while psychiatric counselling (~60%), pal-
liative care (~50%), and obstetrics and gynecology (~40%)
were recognized as the fields least likely to be impacted by
Al. It is normal for students to exhibit anxiety and apprehen-
sion regarding the potential of Al to supplant clinicians or dis-
place their employment; such sentiments may even shape
students' career decisions. About one-third of students indi-
cated that the progression of Al in healthcare will affect their
future specialty selection. These results underscore the ne-
cessity for strategies aimed at addressing the current work-
force's concerns, as well as the importance of retraining and
redefining roles to enable healthcare professionals to adjust
to Al-enhanced workflows [21,29,30,34,36,47-49].

Awareness of Technological Advancements

Moderate but Superficial Knowledge

While aware of the existence of Digitalization, robotics, tele-
medicine, and a wide array of Al tools and techniques like
machine learning (ML), deep learning (DL), natural language
processing (NLP), many students have a limited understand-
ing of their practical, technical, or ethical applications. Most
findings indicate that that students possess a fundamental
comprehension of digital and Al components; however, they
need a more profound grasp of their application in the medi-
cal field, as they do not have sufficient knowledge and skills
to engage with these innovations. In particular, research has
shown that 30% of students and 50% of educators were ac-
quainted with Al-powered tools, while around 40% of educa-
tors and 20% of students did not have a basic understanding
of Al, with over 60% indicating that they had not undergone
formal training in this area. The vast majority of undergradu-
ates believe that integrating Al and digitalization into medical
education is essential. In addition, many emphasized the ne-
cessity of comprehensive educational and training programs
for medical providers, ensuring that they are well-prepared
for an Al-integrated future and enchase their ability to devel-
op solutions that seamlessly fit into with existing systems.
Undergraduates expressed a strong interest in acquiring
knowledge about Al and digital components, with the aim
to remain informed about the latest developments in cut-
ting-edge technologies. This interest stems from their belief
that physicians who are familiar with these advanced tech-
nologies may outpace those who do not utilize them in this
highly competitive environment. Research shows that a lack
of exposure to Al can lead undergraduate medical students
to feel anxious, feel inferior to their peers who have received
Al-related training, and further influence their future career
paths [42,50-52].

Sources of Knowledge

A high percentage of medical undergraduates reported that
their main sources for learning opportunities about Al and
digitalization were informal and not included in their medi-
cal curricula. They learned through extracurricular activities
(e.g., talks, webinars, lectures, presentations), participating
in international conferences, reading published articles, hav-
ing discussions with colleagues, while the most common ac-
tivity was interacting with social media. Nevertheless, these
sources generally provide a clear overview of a topic, but of-
ten do not provide sufficient detail to fully understand the key
concepts. Despite undergraduates’ awareness, only a small
percentage, usually ranging from 11 to 25%, have participat-
ed in university courses or external workshops focused on
training in robotics, Al or digital elements in medicine. This
low participation in formal courses inevitably leads to a notice-
able discrepancy between theoretical knowledge and practi-
cal application within the field of Al. This also demonstrating
a concern about what individuals understand and what they
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can actually apply in their professional activities. Similarly,
the fact that many future providers are independently ap-
plying Al-driven tools on their own, without formal guidance,
shows the immediate necessity of establishing measures
to evaluate current usage and develop proper curriculums
[9,11,15,36,55-57].

Knowledge Gaps and Learner Autonomy

A major obstacle to the integration of Al-driven digital technol-
ogies from a cognitive perspective is the prioritization placed
by students on medical subjects, which is justified by their
already overburdened curricula. In addition, studies reveal
that students struggle to accurately define or differentiate Al
terms such as ML, DL, LLM, and NN. In addition, more than
two-thirds of medical students express a necessity for train-
ing in digital communication, data skills, data management,
ethical principles and clinical reasoning. It seems that a lack
of Al and digital literacy contributes significantly to this issue,
as undergraduate students often demonstrate weaknesses
in basic skills correlated to computer science, mathematics,
and programming. This gap may be due to several factors,
such as insufficient practical training or reliance on conven-
tional educational methods that focus on theory rather than
practical application. However, based on constructivist and
experiential learning theories, Al-based digital tools like vir-
tual simulations and adaptive learning platforms encourage
active, student- centered learning, enabling undergraduates
in acquiring knowledge through practical application and
participation in real-world environments. These newly de-
veloped learning methodologies align with digital pedagogy
frameworks that focus on flexible, personalized, and contex-
tual learning experiences. Likewise, virtual and augmented
reality technologies provide undergraduates with immersive
experiences in interactive settings, consequently enhancing
learner engagement and the effectiveness of education. The
research demonstrates that the key strength of Al-driven
technology lies in its ability to facilitate personalized learn-
ing experiences, which are critical for independent learning.
Therefore, adopting innovative educational approaches may
aid in closing the knowledge gaps that remain, through the
use of preferred learning methods including workshops, col-
laborative tasks, scientific conferences, and extracurricular
activities. These methods would be easier to integrate into a
comprehensive medical curriculum and would likely be more
enjoyable [14-16,34,54,55,58-61].

Medical Students Disciplines Differences

Approximately one-third of undergraduate medical students
expressed neutrality or dissatisfaction with traditional teach-
ing approaches. The majority of students emphasized that
methods overemphasized theoretical knowledge, there-
by overlooking the benefits of practical clinical experience.
Regardless of their preferred career path, students who
self-identified as "tech-savvy" showed significantly higher

readiness and positive attitudes toward diagnostic accuracy,
regardless of whether their curriculum included formal train-
ing in Al-based technologies. Existing literature shows that
Al-driven applications in medical education improve the feed-
back process, which is crucial for the continuous learning of
trainees and for maintaining the provision of quality care. In
terms of the analysis of exam questions, students studying
clinical medicine exhibited a markedly greater inclination to-
wards the use of automation and Al compared to their coun-
terparts in medical engineering. Clinical laboratory tests are
also essential for providing necessary information required
for the diagnosis, treatment, and monitoring of diseases. This
aspect is fundamental to modern healthcare, which continu-
ally integrating new technologies to improve the precision of
clinical judgments and ensure patient safety. In the realm of
information retrieval, undergraduate students specializing in
rehabilitation therapy exhibited a markedly lower demand for
usage compared to their peers in basic and clinical medicine.
The above findings accentuate that even though Al helps in
understanding and preparing trainees for learning materials
or prepared more effectively in clinical rotations, it is import-
ant to recognize that should not be considered a full replace-
ment for human thinking and reasoning. Studies reveal that
Al lacks the ability to incorporate extraneous or contextual
information along with sensory and non-verbal signals, and
critically, it tends to undermine some human qualities that
are essential in medical practice [45,49,58,61-65].

Preparedness and Training in Medical Education

Lack of Formal Training

The rigorous nature of medical curricula leaves little oppor-
tunity for the integration of new topics without causing stu-
dents to feel overwhelmed. It is widely recognized that med-
ical students face increasingly demanding curricula and are
more vulnerable to stress than their peers in other academic
fields. Moreover, the absence of mandatory courses in medi-
cal schools, combined with the insufficient experience or un-
trained faculty members, hinder the rapid adoption of inno-
vative educational approaches and teaching methodologies.
Based on the above, it is justified that a significant number
of undergraduate students report that they have not received
formal training or have not participated in specific academic
courses based to Al-driven digital health technologies during
their studies. While many undergraduates stated that they
have self-educated through informal means, such as online
research or the use of social media platforms. Likewise, a
consistent observation in this research was the strong stu-
dent demand for direction from faculty about the effective uti-
lization of Al for educational purposes. It is worth noting that
nearly 75% of undergraduate students report that their medi-
cal training has not adequately equipped them to deal with Al
and digital applications; consequently, they feel unprepared
to tackle the challenges presented by these technologies in
the healthcare ecosystem [5,6,14-16,21,31,57,66-70].
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Demand for Curriculum Integration

Undergraduate students, regardless of their field of study,
agreed that medical schools represent the most appropriate
environment to obtain the appropriate knowledge about dig-
ital and Al-driven technologies relevant to healthcare. It is
found that there is a significant demand from students for
the incorporation of more structured opportunities in medi-
cal schools, particularly in those specialties that require im-
proved practical skills and increased preparedness. In many
quantitative and qualitative exploratory studies conducted, it
is revealed that a significant percentage of students recom-
mended the revision of the medical curriculum. Importantly,
even those students who were against the development of
Al in medical fields recognized the necessity of providing
Al-focused training to undergraduate students. Moreover,
students further supported the adoption of a balanced strate-
gy that combines theoretical knowledge, practical implemen-
tation, and research o experiences. Al is seen as a transfor-
mative factor in medical education, particularly through the
application of sophisticated visualization techniques, such as
3D models and animations, which act as engaging and ef-
fective educational tools. The findings also implies that Al-re-
lated subjects that captured the interest of students across
all academic years included radiology and digital imaging,
predictive models for diseases, as well as personalized
health data and device monitoring. These topics were also
perceived as the most significant challenges influencing the
medical field. Nevertheless, students expressed their prefer-
ence for engaging with Al as an elective course, rather than a
mandatory one, with 65% preferring the former and 35% the
latter [6,9,14-16,29,57,68,70-74].

Preparedness Level

Future medical service providers are required to have the
ability to objectively evaluate the application of Al-powered
systems, take into account the differences between algo-
rithms designed for medical purposes, improve their under-
standing of data extractions from, and consequently become
informed users. Undergraduate medical students generally
demonstrated a moderate degree of preparedness and read-
iness (often scoring above 3 on a 5-point scale) regarding
digital and Al elements, characterized by significant enthu-
siasm and recognition of the importance of Al in medicine.
However, their expertise in cognitive areas (technical, ethi-
cal, and legal frameworks) tends to be less developed than
their "visionary" ability to identify potential opportunities. De-
spite variations in preparedness, Al can serve as a person-
alized educational tool, as it has the potential to enhance
learning by adapting content according to the user's skill lev-
el, assisting learners with challenging tasks, and acting as a
continuous virtual instructor [34,67,75-78].

Barriers to Readiness
Primarily, a growing body of literature that argues that in rela-

tion to the integration of digitalization and Al-based tools into
medical curricula, a comprehensive and universally applica-
ble framework has yet to be established. Such a framework
would ensure the formulation of targeted learning outcomes,
sufficient practical exposure and standardized implemen-
tation guidelines, aligned with the modern demands of the
healthcare system and society. Moreover, the majority of
medical undergraduates believe that the delayed deploy-
ment of Al-powered systems into curricula was the lack of
financial resources within educational institutions. Indeed, in
many high-income countries, structured Al-based training is
progressively being integrated into medical curricula; howev-
er, in developing countries, the presence of Al-based tools
and digitalization in formal curricula remains significantly in-
adequate. Similarly, there is a lack of specialized guidance
from teaching staff, which results in insufficient practical
training and guidance. Actually, studies have recorded the
views of faculty members, who, while recognizing the im-
portance of Al-based applications in medical education and
generally supporting its integration into the medical curric-
ulum, state that they feel unprepared due to lack of famil-
iarity, institutional constraints, and a scarcity of faculty with
expertise in Al, and ethical dilemmas. All these challeng-
es culminate in students being insufficiently equipped for
healthcare systems that integrate digital and Al technologies
[9,18,55,65,68,70,72,79-84].

The role of demographics in acceptance of Al and digital
elements

There is no difference between genders in their readiness
to embrace the incorporation of digitalization and Al-based
components into their educational experiences. Neverthe-
less, numerous studies indicate that male students possess
a greater understanding of Al compared to their female coun-
terparts. Moreover, male students generally show a prefer-
ence for topics related to high-tech medical technology with-
in the curriculum, while women tend to favor topics related
to personal interaction between patients and physicians,
utilizing their senses during physical examinations. The dif-
ference in income was considered as a reflection of the stu-
dents' opportunities for direct interaction with Al and digital
technologies. In addition, students from different academic
years showed varying degrees of interest in areas such as
medical genetics and genomics, precision medicine, drug
development, clinical trials, as well as diagnostics and clini-
cal decision support. Academic year significantly influences
medical student acceptance. Research have revealed that
medical students in their first and second-years, who primar-
ily study basic biomedical sciences, tend to perceive Al as
a theoretical educational resource (e.g., adaptive quizzes)
rather than a clinically relevant tool. In contrast, third-year
students are more prepared than those in the fifth and sixth
years, who may exhibit more reluctance as they are worried
about being replaced in their jobs or scared of the complexi-
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ties of clinical decision-making [83-88].

Geographic concentration of research concerning dig-
italization and Al-powered innovations in medical edu-
cation

Research focusing on the digitization process and Al-based
tools shows a significant geographic concentration of activity
in North America, particularly those pertaining in the areas
of medical education, simulation, and automated or assisted
assessment methodologies. In this scientific area of inter-
est, renowned universities in the U.S.A., are pioneering the

charge in adopting quickly the digitalization and Al courses
into their medical curriculum and overcoming the restric-
tions posed by the need for practical experience and digital
competency in the process. Despite these courses are not
yet mandatory, Al augments but does not replace traditional
teaching methods, covering key topics like machine learning,
data analysis, and the ethical considerations surrounding Al.
Accounting for about half in terms of publications, the U.S.A.
is the most productive globally, whereas Canada serves as a
major hub for virtual simulations.

.Pioneer .High .Medium . Minimum . Not important

Figure 2. The magnitude of interest in medical education based on Al-powered innovations and Digitalization

In Asia, both China and India appear to be showing rising
rates in the publication of digital and Al-related articles and
patent applications. Singapore and South Korea are making
notable efforts to develop simulation centers and having the
highest impact on citations. Europe accounts approximately
18% of published research on medical education. Despite
the overall positive sentiment among European medical
students towards Al adoption and the fact that they recog-
nize the lack of formal training, research shows that more
emphasis should be placed on the privacy, quality, and eth-
ical boundaries of the digitalization and integration of Al in
educational environments. A study conducted in Germany,
Spain, Belgium, and Holland, found that there is a generally
positive outlook for Al in future medical practice, especially

for administrative tasks and the analysis of health data. Sim-
ilarly, there has been significant growth in Israel, the United
Arab Emirates, and Saudi Arabia as these countries stra-
tegically allocate resources to digital health simulation and
education initiatives. Studies done in Australia and the UK
highlight the lack of readiness and low literacy levels among
undergraduates. In essence, these global results point to-
wards the major trend that future medical professionals will
need to extensively engage with Al and digital technologies
in their medical education. Besides that, global organiza-
tions like the World Health Organization (WHO), the World
Medical Association and American Medical Informatics As-
sociation (AMIA), emphasize the necessary requirement for
"data literacy", which will empower future physicians to work
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alongside with Al-driven platforms while maintaining their
clinical judgment. Collectively all these results are in sup-
port of the common global tendency for medical education
to incorporate more comprehensive training on Al and digital
technologies [5,15,16,18,54,82,89-92].

Discussion

Despite undergraduate medical students, globally have
adopted a positive attitude regarding digital and Al devel-
opments and acknowledge the critical importance of these
technologies to the future of medical practice, the current ed-
ucational framework does not support this. The gap between
the readiness of the healthcare medical workforce and the
requirements of the emerging healthcare sector underscores
the necessity of a more holistic approach to education and
preparation of future providers to participate actively in the
ever-changing healthcare environment. To meet this increas-
ing demand for competencies in Al-based applications and
digital elements, it is essential to reform medical school cur-
ricula. Given the growing acknowledgment of the importance
of literacy in the rational application of digitalization and Al
innovations in medical education, there is a concerted ef-
fort to modify curricula to harness their advantages while
addressing their challenges. Some academics argue that
while Al has the potential to significantly transform medical
curricula, it should only serve as a supplementary resource
to traditional undergraduate curricula. Others argue that
courses on Al and digitalization should be mandatory and,
in many cases, even considered in exams for certification
of specialization to ensure that future medical providers will
be "Al-ready". Furthermore, many researchers emphasize
that interaction with actual patients facing authentic medical
issues, and as such is essential as the most effective train-
ing for students. While the presence of bias in Al-enhanced
educational environments raises significant concerns, it is
expected that ongoing research will significantly mitigate
this issue, promoting a more equitable learning environment.
Faculty members ought to emphasize methodologies about
Al-driven applications that grounded in evidence, hands-on
training, industry involvement, continuous professional de-
velopment, and collaboration across disciplines. Even more,
educational institutions must establish structured collabora-
tive learning experiences that merge health education with
data science, while applying an ethical framework for Al anal-
ysis. The emphasis of these concepts should be on the core
principles of Al, avoiding complex technical details. Medical
schools are required to create the conditions for medical stu-
dents to collaborate with Al professionals already working in
the healthcare sector. For this reason, student engagement
should be encouraged through hands-on workshops that
emphasize the development of digital and Al-related skills
[34,67,68,77,84,93-97].

To ensure that medical students cultivate an in-depth funda-

mental knowledge of digital health and Al practices, it is rec-

ommended to implement the following main axes of reform

in the curricula, in the following manner:

* Longitudinal Curriculum Reform, digital and Al-driv-
en technologies should be introduced in the preclinical
years, focusing on fundamental principles, and should
evolve in complexity as students advance through clin-
ical education, rather than being treated as a separate
module. Curricula must equip students to effectively
utilize of Al-powered digital technologies, work collabo-
ratively with Al systems, and analyze complex datasets
within clinical settings. Early exposure helps with a more
comprehensive understanding of Al-based applications,
becoming more familiar, and being confident in recogniz-
ing the advantages and limitations.

«  Practical Exposure, instead of relying on theoretical lec-
tures, medical curricula should incorporate practical ac-
tivities like workshops, simulated telehealth, and Al-en-
hanced case studies rather than depending on theoretical
lectures. Furthermore, Al faculty members suited to the
needs of each student can be used to study anatomy,
surgical methods, diagnostic skills, and decision-making
in a realistic but controlled and dynamic clinical environ-
ment, with VR and augmented reality (AR) building not
only skills but also confidence and flexibility for future
medical personnel to use Al-powered technologies to
maintain quality patient care.

*  Focus on Ethics and Humanism, Al ethics, data priva-
cy issues, and the strong physician-patient relationship
should matter more than just technological prowess. By
analyzing various technological and ethical issues via
case studies, students can develop critical thinking skills.
Meanwhile, data analysis will enable undergraduate stu-
dents to evaluate the accuracy and therapeutic value of
Al-generated results.

* Interdisciplinary Collaboration, Collaborative workshops
bring together medical, computer science, and engineer-
ing students, helping them grasp an algorithm's funda-
mental logic and its limitations. There is an urgent need
to integrate medical statistics with clinical reasoning into
the current curriculum to encourage data-driven deci-
sion-making as an alternative approach to diagnosis.

Limitations

The current research has some limitations. This study did
not quantitatively assess how Al-based learning affects sat-
isfaction, learning outcomes, or other measurable aspects
of medical education. Doing so would have reinforced its
qualitative findings. Moreover, as the study concentrated
on understanding of medical students’ perceptions, the per-
spectives of other stakeholders, including faculty members
and healthcare providers, were not included, presenting an
opportunity to be explored in future research.
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Conclusion

Globally, there is an increasing use of Al-technologies and
other digital solutions in patient care, recognizing their multi-
ple benefits and increasing prevalence. Notwithstanding the
escalating interest in these emerging technologies, medical
school curricula has lagged behind the significant advance-
ments in Al-based innovations and Digitalization. As a re-
sult, medical students are often forced to seek information
independently and rely on social media and the internet to
reinforce their knowledge. Numerous research studies have
shown a high level of enthusiasm among undergraduate co-
hort, which has been encouraging of incorporating digital and
Al-focused topics in medical curriculum. It is quite obvious
that student involvement needs to be directed positively and
strategically within the bounds of effective curriculum and
assessment practices. This demand is accompanied by con-
cerns about ethics, bias and governance, in the integration of
Al-driven digital technologies into learning and assessment
contexts. In addition, a significant concern expressed by
undergraduates relates to the threat to employment oppor-
tunities that the healthcare sector will suffer due to digitali-
zation and Al-innovations. Nevertheless, there is a growing
consensus that Al-based technology should be viewed as
an assistive tool to enhances independent learning, clini-
cal reasoning, and reduces cognitive load, thereby allowing
future medical professionals to focus more on patient-cen-
tered care. Simulations in virtual worlds supplement, rather
than replace, direct patient encounters, because caring for
patients in the real world necessitates empathy, communi-
cation, and adaptability-qualities that Al cannot fully imitate.
However, without a well-structured curriculum and sufficient
direction from faculty members, it is impossible to develop a
strong knowledge basis in these areas, which may explain
the inadequacies observed in undergraduate students.
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