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Abstract

This study explores the impact of Artificial Intelligence (Al) curricula on medical students’perceptions of Al, a critical
topic given Al's transformative potential in healthcare and its rapid integration into medical practice and education.
Using data from a global cross-sectional survey involving 4,596 students across 48 countries, we employed Coarsened
Exact Matching (CEM) to address selection bias and Structural Equation Modeling (SEM) to examine mediating effects.
Regression models were also applied to estimate the relationships between Al curricular and students knowledge
about and attitudes towards Al. Results reveal that participation in Al curricula significantly enhances students’knowl-
edge about Al (3=.140, p<.001), equipping them with essential skills for Al-driven healthcare systems. However, it
concurrently diminishes their enthusiasm for integrating Al into medical education (3=-.108, p <.001), reflecting
potential concerns about ethical and professional implications. No significant effects were observed on students’
attitudes towards Artificial Intelligence application in medicine, the physician’s role, or Al-related ethical and legal
conflicts. Heterogeneity analysis shows stronger positive effects on knowledge for veterinary students and those

from developing countries, where Al education addresses critical resource gaps. Conversely, the negative effect

on enthusiasm for Al teaching is more pronounced among students from developed countries, where advanced Al
applications are more prevalent. SEM results reveal that preparedness for work with Al partially mediates the relation-
ship between Al curricula and students’knowledge (3=.062, p<.001) and attitudes (3=.023, p<.001), adding theoret-
ical depth to the findings. These results underscore the importance of balanced Al education to enhance knowledge
while addressing concerns about its integration in education. This research has significant practical and theoretical
implications, emphasizing the need for tailored Al curricula that align with students’ professional goals and regional
educational contexts. The study offers pathways for optimizing Al literacy globally, bridging resource disparities,

and preparing future healthcare professionals for Al-driven advancements.
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Artificial Intelligence (AI) is revolutionizing healthcare
by improving diagnostic accuracy, personalizing treat-
ments, and enhancing operational efficiency [1, 8, 128].
Techniques such as deep learning and natural language
;CO;eSpondencei processing enable Al to analyze complex medical data,
x;o;igﬂ@tsinghuaedu,cn facilitating early disease detection and tailored patient
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from imaging data, synthesizing patient histories, and
optimizing care [46, 52, 55, 65]. Studies highlight the
critical role of Al curricula in shaping medical students’
competencies and attitudes toward Artificial Intelligence
integration in healthcare. For example, in Malaysia, 87%
of students recognized Al’s importance, yet only 44.5%
felt adequately prepared to work with Al, reflecting gaps
in curricular design [121]. Similarly, in Oman, 78.7% of
students supported Al education but expressed concerns
about its application in decision-making [7]. These find-
ings underscore the need to explore how Al education
influences students’ preparedness and perceptions.

Misconceptions about AI in healthcare, especially
among medical students, can significantly affect future
clinical practice, ethical decision-making, and patient
safety. While AI shows promise in improving diagnos-
tics and reducing errors, misunderstandings about its
limits may impede its adoption [70]. Ethical concerns
include AT’s potential to replicate biases, lack transpar-
ency, and cannot replace nuanced human judgment
[15].

In this context, focusing on medical students is
essential as they are future healthcare profession-
als who will use and decide on Al in clinical practice.
Early AI education improves their literacy and ethical
awareness, preparing them to safely integrate Al tools
[78]. This aligns with broader educational reforms
promoting digital competencies and lifelong learning
to ensure patient safety amid technological advances
[29, 118].

The need for adapting medical education to Al
The rapid advancement of Al in healthcare necessitates
parallel evolution in medical education. Curricula must
prepare students to utilize Al technologies effectively,
interpret complex datasets, and collaborate with Al sys-
tems in clinical settings [28, 80, 116, 130]. Integrating
Al into medical education equips students with tools
like machine learning and neural networks to enhance
patient care [94, 120]. Early exposure helps demystify
Al applications and ensures proficiency in understand-
ing both its benefits and limitations [66, 105].
Adjustments to curricula are necessary to foster Al-
driven competencies, including diagnostics and virtual
healthcare delivery. Competency-based Al courses
have successfully equipped students with skills to inter-
pret Al-assisted diagnostics and incorporate insights
into evidence-based decisions, aligning education with
the digital transformation of healthcare [22, 92, 105].
Studies underscore the importance of embedding Al
literacy within both foundational and clinical training
[73, 92, 124].

Page 2 of 19

The current status and challenges of ai integration
in medical education

Despite the acknowledged potential of Al to revolu-
tionize healthcare, significant obstacles impede its inte-
gration with medical education. These include a lack
of faculty expertise in Al, the absence of standardized
guidelines for implementation, and limited resources
[41, 57, 101]. Furthermore, current medical curricula
generally fall short in addressing essential AI com-
petencies like data analysis, ethical implications, and
practical clinical applications [117]. Addressing these
gaps is crucial for the advancement of Al in medical
education.

Students encounter significant hurdles in acquir-
ing Al knowledge, largely due to inadequate resources,
time constraints, and insufficient practical exposure
[40, 131]. These limitations result in students being
inadequately prepared for Al-integrated healthcare
systems [3, 61]. Despite their keen interest in learning
about Al and their recognition of its vital role in future
medical practice, the current educational environment
falls short in providing the necessary support [23, 127].
This gap between interest and preparation underscores
the need for more robust Al education to ensure stu-
dents are well-equipped to navigate and contribute to
the evolving healthcare landscape.

Curricular interventions to enhance Al Literacy

and adoption

Al literacy programs are vital for equipping future
clinicians with both technical skills and ethical judg-
ment in Al-driven healthcare [33, 88, 113]. Targeted
curricular events—ranging from machine-learning
workshops to ethics seminars—bridge critical knowl-
edge gaps [97], boost learner confidence [24], and
employ simulation-based learning to improve readi-
ness despite faculty expertise and standardization
challenges [61]. Real-world applications in radiology
and pathology further sharpen students’ critical think-
ing and meaningful engagement with Al tools, ulti-
mately enhancing diagnostic accuracy and treatment
outcomes [32, 47, 56, 63].

Structured Al curricula also shape attitudes toward
future AI use: hands-on electives foster enthusiasm
and readiness [2, 43, 74], yet persistent misconcep-
tions—such as fears of clinician obsolescence—can
provoke resistance and deter specialties like radiol-
ogy [19, 36, 39]. A balanced approach that integrates
technical training with ethical discussion is therefore
essential to address these concerns, cultivate respon-
sibility, and ensure sustainable Al adoption in clinical
practice [5, 16, 26, 53, 93].
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Unresolved issues

Although AIs clinical potential in healthcare is well
documented, the role of Al education in preparing medi-
cal students remains underexplored. Prior studies note
AT’s impact on healthcare and its educational implica-
tions but do not specify how curricula develop students’
competencies and attitudes. This study fills that gap by
examining how Al education is integrated into medical
programs and its effects on students’ readiness for mod-
ern practice. By analyzing pedagogical strategies that
enhance Al understanding and acceptance, our findings
will guide educators and policymakers in designing Al
curricula tailored to contemporary healthcare needs.

Literature

Al education and literacy: curricular overview, foundations,
and impact

The integration of Al into medical education is advanc-
ing globally, particularly in developed nations where
institutions such as Emory University, the University
of Toronto, and European initiatives like ESMPE offer
structured courses and innovative experiences that build
both technical skills and ethical understanding [2, 51, 74,
86, 89, 129]. In contrast, developing countries such as
India face resource constraints and variable educational
capacity: a survey there found significant AI knowledge
gaps among students, who favor workshops and lectures
to enhance learning [109]. Concerns about overreliance
on Al and its impact on clinical empathy further under-
score the need for balanced, ethics-focused curricula
(77,90, 95].

A robust theoretical foundation is essential: under-
standing core concepts such as machine learning, neural
networks, and data science is crucial for interpreting AI’s
role in data analysis and clinical insights [96, 104, 107].
Leading programs integrate ethical and legal training
to address algorithmic bias and privacy issues, ensuring
responsible Al use [71, 74, 125]. Practical application
through AI tools in medical workflows and simulation-
based learning translates theory into skills—enhancing
diagnostic accuracy and patient safety [45, 69, 88, 103]).
Such initiatives not only build competence but also instill
confidence and adaptability, equipping future health-
care professionals to harness Al effectively for improved
patient outcomes [112].

Students’ attitudes toward ai: confidence, concerns,

and future adoption

Medical students generally demonstrate positive attitudes
and growing confidence in the use of Al in healthcare.
For instance, studies revealed that 87% in Saudi Arabia
and 89% in the UK seeing significant benefits, including
improved diagnostic accuracy [9, 114]. However, ethical
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concerns persist. For example, 58.3% of German students
fear increased workplace monitoring. Additionally, 68.4%
of Jordanian students emphasize the need for cautious
Al introduction to mitigate biases and liability [82, 102].
These findings stress the importance of educational cur-
ricula addressing Al’s limitations and ethical challenges.

A vast majority of medical students globally are eager
to use Al in their future practices, with 99% in a multina-
tional survey and 96% in a U.S. study expressing enthusi-
asm for AI's potential to improve clinical efficiency and
diagnostic confidence [17, 100]. Despite this, a significant
minority harbor concerns over ATI’s ethical implications,
bias, and potential to dehumanize care [4, 39, 50]. Fur-
thermore, studies found that some students lack trust in
AT’s accuracy for critical decisions, preferring traditional
methods [10, 76, 114, 119].

Differences in Al applications across specializations

and development levels

Al is revolutionizing healthcare, yet its applications dif-
fer significantly across medicine, dentistry, and veterinary
medicine due to variations in focus, data availability, and
technological requirements. In medical practice, Al excels
in diagnostics, using advanced imaging analysis for condi-
tions like cancer, and in radiology, it aids in personalized
treatment plans [122]. Dental Al specializes in interpret-
ing X-rays to detect cavities and gum diseases, and it’s
crucial for orthodontic and prosthetic treatments [13, 38,
83, 111]. Veterinary Al stands out with wearable technol-
ogy for real-time health monitoring in animals. It enables
early detection of health issues and assists in radiographic
assessments. These advances improve healthcare out-
comes for both humans and animals [6, 11, 108].

Al adoption in medical education reveals stark dif-
ferences between developed and developing countries,
influenced by resource availability and infrastructure.
In developed nations like the U.S. and Germany, Al is
integral to curricula, promoting personalized learning
with tools and simulations. Conversely, in developing
countries, infrastructure limitations and resource con-
straints impede Al integration. For instance, An Indian
study found only 19.4% of medical students had practi-
cal Al exposure despite recognizing its importance [54].
Similarly, rural areas in these nations use Al to improve
healthcare access and training, yet face challenges due to
inadequate guidelines and support [42, 62, 87].

Research gaps

Although Al is gaining traction in medical education
globally, the implementation of Al curricula remains
inconsistent and fragmented across regions, institutions,
and specialties. High-income countries have begun inte-
grating Al-focused content into their medical curricula,
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but disparities persist in program quality, pedagogical
design, and ethical depth. While early initiatives have
demonstrated promise in fostering technical proficiency
and ethical awareness, there is limited consensus on best
practices for curricular design and delivery, particularly
in resource-limited settings.

Furthermore, current literature lacks a unified frame-
work to evaluate how Al education translates into meas-
urable learning outcomes and professional readiness.
Much of the existing evidence is descriptive or self-repor
ted, with few studies employing longitudinal or com-
parative approaches. Additionally, Al instruction is often
isolated from core clinical training, resulting in limited
contextualization and practical application. These incon-
sistencies hinder students’ ability to meaningfully engage
with Al tools in real-world healthcare settings. There is
a clear need for a more cohesive, evidence-based under-
standing of how AI education can be effectively designed,
implemented, and adapted. This understanding should
consider diverse educational and regional contexts. Its
goal is to prepare future healthcare professionals for the
evolving demands of Al-enabled medicine.

Research questions

Al is rapidly transforming healthcare by enhancing
diagnostic precision, personalizing treatment plans,
and improving overall clinical efficiency. Leverag-
ing advanced technologies like machine learning and
natural language processing, Al has demonstrated the
potential to outperform traditional methods in dis-
ease detection and clinical decision-making [79, 110].
These advancements underscore the necessity of equip-
ping future physicians with the knowledge and skills
to integrate Al into clinical workflows. However, as Al
becomes increasingly prevalent in healthcare, under-
standing how medical education prepares students for
this integration remains critical. Specifically, questions
regarding how exposure to Al education influences
students’ attitudes, subgroup-specific attitudes, and
the role of preparedness in shaping these perceptions
require further exploration.

Existing literature highlights the potential and chal-
lenges of integrating Al literacy into medical education. Al
curricular events have been shown to enhance students’
knowledge and confidence in using Al tools while address-
ing ethical concerns and practical applications. Studies
have demonstrated the positive impact of structured Al
education on student readiness, with programs in North
American countries leading advancements in this area [2,
74]. However, challenges such as limited resources, faculty
expertise, and inconsistent curricula remain significant
barriers to widespread Al education [41, 71]. Furthermore,
subgroup differences, such as variations in attitudes based
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on field of study and regional development status, highlight
the need for tailored educational approaches [106]. These
findings emphasize the importance of examining how Al
education influences diverse student populations and their
preparedness for Al integration in clinical practice.

Building on these insights, this study aims to address the
following research questions:

(a) How does participation in Al curricular events
impact medical students’ attitudes on Artificial
Intelligence?

(b) How does participation in Al curricular events
impact students’ attitudes towards Artificial Intelli-
gence applications across different subgroups, such
as field of study and country development status?

(c) What roles do preparedness for working with Al
play in the factors influencing medical students’
attitudes towards Artificial Intelligence?

Problem statement

RQ1 statement

The first research question focuses on whether participat-
ing in AI curricular events influences medical students’
overall perceptions of artificial intelligence. This inquiry
seeks to clarify if structured exposure to Al content dur-
ing medical training contributes to enhanced understand-
ing, increased interest, or potential skepticism toward Al in
clinical settings.

RQ2 statement

The second research question explores the variability in
students’ attitudes across subgroups, particularly by field
of study (e.g., medicine, dentistry, veterinary medicine) and
by country development status (developed vs. developing).
This allows for a nuanced examination of how contextual
and disciplinary factors shape the effects of Al education.

RQ3 statement

The third research question investigates the role of stu-
dents’ self-perceived preparedness for working with AL
Specifically, it examines whether this sense of preparedness
mediates the relationship between Al curricular exposure
and students’ knowledge and attitudes, thereby reveal-
ing the underlying mechanisms through which education
shapes Al-related perceptions.

Methodology

Research design and strategy

Data

This study used data from a global cross-sectional sur-
vey conducted by Charité-University Medicine Berlin.
The survey focused on student attitudes toward Artificial
Intelligence in medical, dental, and veterinary education
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and practice. It aimed to explore the perspectives of stu-
dents in these fields. Participation was open from April
1st to October 1st, 2023. To be eligible, participants had
to be at least 18 years old, actively pursuing a degree in
medicine, dentistry, or veterinary medicine, and respond
within the survey period. They also needed proficiency
in English or Spanish. In total, 4,900 responses were col-
lected, with a final cohort of 4,596 participants from 192
faculties across 48 countries [20]. Participants had to be
at least 18 years old, actively enrolled in a medical, dental,
or veterinary degree program, proficient in either Eng-
lish or Spanish (depending on their faculty location), and
confirmed their enrollment status before proceeding with
the survey. The demographic details are shown in Table 1.

Participants were recruited via non-probability con-
venience sampling through official faculty channels. The
survey was distributed through newsletters and academic
courses at participating institutions. Depending on the
faculty, either a QR code or a direct survey link was used.
During the data collection period, 4,596 valid responses
were received from students across 48 countries, with
medical students comprising 93.8% of the sample. Based
on publicly available enrollment data, the estimated aver-
age response rate was approximately 0.2%, though this
figure may underestimate actual participation due to
uncertainties in survey reach. The survey assessed tech-
nological literacy, Al knowledge, and attitudes towards
Al education. Considerable variation was observed in

Table 1 Demographic table
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Al curricular duration and content across institutions,
with most students reporting limited or no standard-
ized Al education within their programs, highlighting
that AI education remains in its early stages and requires
further development and standardization globally. Eligi-
bility was confirmed by asking respondents about their
current degree program and age. Only fully or partially
completed surveys from eligible students were included
in the analysis.

Variables

Dependent variables

To better describe medical students’ perceptions of Al,
this study selects several dependent variables. These
include knowledge about Al and attitudes towards
the application of Al in medicine. It also considers the
influence of Al on the profession of physicians and atti-
tudes towards including Al teaching in medical educa-
tion. Additionally, the study examines the relationship
between the use of Al in medicine and the increase in
legal and ethical conflicts. The specific items are pre-
sented in Table 2.

Independent variable

This study employs whether participants have taken Al
curricular as the independent variable, which is meas-
ured in the dataset by the item “As part of my studies,

Demographic characteristic Declaration N Percentage
Gender Male 1,929 42.48%
Female 2,565 56.49%
Diverse 25 0.55%
Prefer not to disclose 22 0.48%
Course of study (Human) Medicine 4,264 93.86%
Dentistry 201 4.42%
Veterinary Medicine 78 1.72%
Location Asia 928 20.43%
Europe 2,326 51.20%
North America 160 3.52%
South America 899 19.79%
Australia 104 2.29%
Africa 126 2.77%
Level of development of the country? Developed country 2,765 60.20%
Developing country 1,828 39.80%
Variables Mean SD Max Min
Age 22.70 3.59 56 17
Total academic years 582 0.60 8 4

?The classification of whether students were in a developed country or developing country was based on Organization for Economic Co-operation and Development
(OECD) membership. This study categorizes the countries into developed countries (OECD member countries) and developing countries (non-OECD member

countries)
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there are curricular events on artificial intelligence (AI)
in medicine” The specific items are presented in Table 2.

Control variables

Studies have confirmed that gender, age, and prior experi-
ence with technology usage are correlated with students’
attitudes towards technology [21, 27, 115]. Thus, this
study employs the following control variables: gender,
age, total academic years, experience with programming

Page 6 of 19

code, and experience with technology usage. Since few
respondents chose “diverse” or “prefer not to disclose” for
gender, these responses are treated as missing values. The
specific items are presented in Table 2.

Mediating variable: preparedness for working with Al

This study employs medical students’ preparedness for
working with Al as mediating variable. In the dataset,
medical students’ preparedness for work with Al was

Table 2 Survey items

Dependent Variable

Question/Item

Options

Knowledge about Al

Attitude towards the application of Alin medicine

Influence of Al on the profession of physicians

Attitude towards the inclusion of Al teaching in medicine

Relationship between the use of Al in medicine
and the increase in legal and ethical conflicts

Independent Variable
Al curricular

Control Variables
Gender

Age
Total academic years

Experience of programming code

Experience of technical devices usage

Mediating Variable
Preparedness for work with Al

How would you rate your general knowledge of artificial intel-
ligence (Al)?

What is your general attitude toward the application of artificial
intelligence (Al) in medicine?

What is your view on the influence of artificial intelligence (Al)
on the profession of physicians?

I would like to have more teaching on artificial intelligence (Al)
in medicine as part of my studies

The use of artificial intelligence (Al) in medicine will increasingly
lead to legal and ethical conflicts

Question/Item

As part of my studies, there are curricular events on artificial intel-
ligence (Al) in medicine

Question/Item

Have you already programmed code?

Which of these technical devices do you use at least
once a week?

Question/Item

With my current knowledge, | feel sufficiently prepared to work
with artificial intelligence (A1) in my future profession as a physi-
cian

1=No knowledge

2 =Little knowledge
3=Good knowledge
4=Expert

1 =Extremely negative
2 =Rather negative
3=Neutral

4 =Rather positive
5=Extremely positive

1 =Extremely negative
2 =Rather negative
3=Neutral

4 =Rather positive
5=Extremely positive
1=Completely disagree
2 =Rather disagree
3=Neutral

4=Rather agree
5=Completely agree
1=Completely disagree
2 =Rather disagree
3=Neutral

4=Rather agree
5=Completely agree
Options

1=Yes

0=No

Options

1=Male
0=Female

Years

Years

1=Yes

0=No

Smartphone
PC/Laptop

Game console
Tablet

E-reader
Smartwatch

Options
1=Completely disagree
2 =Rather disagree
3=Neutral
4=Rather agree
5=Completely agree
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measured by the item “With my current knowledge, I feel
sufficiently prepared to work with artificial intelligence
(AI) in my future profession as a physician” The specific
items are presented in Table 2.

Analytical techniques

Regression modeling for baseline estimation

To explore the effect of Al curricular on medical stu-
dents’ views on Al, this study constructs five regression
models using STATA 18:
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to preselect the balance between the treatment and con-
trol groups before matching. As a result, it eliminates
the need for extensive post-hoc tests and repeated re-
evaluation processes to achieve the target. CEM’s non-
parametric approach and ability to handle large datasets
with multiple variables make it ideal for our research,
providing a robust comparison without relying on linear
assumptions [48].

Alknowledge = Bo+p1-Alcurricular+By-Gender+B3-Age+pa-TAY +B5-EPG+Be-ETU +-¢ 1)
Alapplication = 7+ Bs-Alcurricular+Bo-Gender+P1o-Age+p11-TAY +B12-EPG+ 13- ETU+1 (2)
Alprofession = B1a+P15-Alcurricular+B16-Gender+f17-Age+B1s- TAY +B19-EPG+Boo-ETU ¢ (3)
Alteaching = Bo1+Ba-Alcurricular+Poz-Gender+Pog-Age+Pos- TAY + Bag-EPG+By7-ETU+8 (4)
Alconflicts = Bag+ Bog-Alcurricular+Bso-Gender+ P31 -Age+P3a- TAY +B33-EPG+B34- ETU A (5)

Alknowledge represents medical students’ knowledge
about Al, Alapplication represents medical students’
attitudes towards the application of Al in medicine,
Alprofession represents medical students’ attitudes on
the influence of AI on the profession of physicians,
Alteaching represents medical students’ attitude towards
the inclusion of Al teaching in medicine, Alconflicts
represents medical students’ attitude towards relation-
ship between the use of Al in medicine and the increase
in legal and ethical conflicts, Alcurricular represents
whether there are curricular events on Al in medicine of
medical students, Gender represents medical students’
gender, Age represents medical students’ age, TAY repre-
sents medical students’ total academic years, EPG repre-
sents medical students’ experience of programming code,
ETU represents medical students’ experience of technical

devices usage. B, B B1s Bap Bog are the intercepts, 5,-f5,

Bs-B13 Bis-Bao Bax-Bam Bag-Bsq are the regression coeffi-
cients, and ¢, y, (, 6, A are the error terms.

Coarsened Exact Matching (CEM) for robustness checks

To addresses the endogeneity of the effect of Al curricu-
lar on medical students’ views on Al, this study employs
Coarsened Exact Matching (CEM) to conduct a robust-
ness test. CEM is a non-parametric method that strati-
fies the sample into treatment and control groups based
on grouping variables. This approach allows researchers

Structural Equation Modeling (SEM) for mediation analysis
In the final step, this study established a Structural
Equation Modeling (SEM) (see Fig. 1) to explore the
mechanisms by which mental health support affects
postdoctoral researchers’ leaving intention to leave scien-
tific filed using STATA 18.

Results

Regression results addressing key research question

The results of the regression model (see Table 3) reveal that
AI curricular exerts a significant positive effect on medi-
cal students’ knowledge about AI (f=0.140, p<0.001),
and has a significant negative on medical students’ atti-
tude towards the inclusion of Al teaching in medicine
(P=-0.108, p<0.001). However, AI curricular exhibits no
significant effect on medical students’ attitudes towards
the application of Al in medicine, medical students’ view
on the influence of Al on the profession of physicians, and
medical students’ attitude towards relationship between
the use of Al in medicine and the increase in legal and
ethical conflicts (p>0.05). The data show a significant
decrease in students’ enthusiasm for including Al teach-
ing, despite increased knowledge. This effect is specific to
curricular inclusion attitudes, with no significant changes
in other Al-related perceptions. These results reveal a
nuanced response to Al curricular exposure.
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Preparedness for
working with Al

Views on Al

Al Curricular

A 4

Fig. 1 SEM pathway linking Al curricular to medical students' attitudes on artificial intelligence

Importantly, the standardized coefficients indicate a
moderate effect size for both knowledge improvement
and attitude change: knowledge scores increased by
approximately 14% of a standard deviation post-inter-
vention, while enthusiasm for Al curricular inclusion
decreased by about 10%. These magnitudes highlight that
while AI education effectively enhances understanding, it
simultaneously challenges student attitudes towards cur-
ricular expansion, underscoring the complexity of educa-
tional impact.

Robustness checks supporting model validity

The results of CEM (see Table 4) demonstrate a notable
reduction in the L1 value for medical students, declining
from 0.334 before matching to 0.247 after matching. An
in-depth examination of the matching outcomes for each
control variable (see Table 5) further elucidates that the
disparities in the quantiles of the control variables were
effectively alleviated. Consequently, this improvement in
the distribution of control variables resulted in a mark-
edly better balance between the treatment and control
groups, enhancing the validity of the subsequent compar-
isons. This significant reduction in imbalance indicates
that the CEM successfully controlled for confounding
variables, thereby reducing selection bias and increas-
ing confidence that observed effects of Al curricular
exposure on knowledge and attitudes are not driven by
pre-existing differences between groups. Such methodo-
logical rigor strengthens the practical credibility of the
findings and supports their application in guiding medi-
cal education policy.

Then, this study incorporates the CEM weights into
the regression model. The results (see Table 6) show that
after controlling the selection bias, the effect of Al cur-
ricular on medical students’ knowledge about Al remains
significant positive (=0.137, p<0.001), while the effect
of Al curricular on medical students’ attitude towards the
inclusion of Al teaching in medicine remains significant
negative (p=-0.105, p=0.003). The results of the robust-
ness test based on CEM closely align with those obtained
from the original regression model, providing strong

evidence that the findings of this study are reliable and
not driven by selection bias or confounding factors.

Subgroup analysis highlighting contextual differences

This study carried out a heterogeneity analysis to exam-
ine the effect of AI curricular on medical students’
knowledge of Al and their attitude towards the inclu-
sion of Al teaching in medicine. The significance of these
effects was validated by regression model. The hetero-
geneity analysis was conducted by segmenting medical
students into various subgroups according to their case
of study and level of development of the country. The
results of heterogeneity analysis (see Table 7) suggest that
the positive effect of Al curricular on veterinary medi-
cine students’ knowledge about AI (f=0.480, p=0.002)
is significantly stronger than that for dentistry students
(B=0.338, p<0.001) and (human) medicine students
(B=0.123, p<0.001). Additionally, the positive effect of
Al curricular on medical students from developing coun-
try (=0.154, p<0.001) is significantly stronger than that
for medical students from developed country ($=0.123,
p<0.001). These differences indicate that the impact of
Al curricular varies by discipline and regional develop-
ment, likely reflecting differing baseline exposure and
educational needs.

Furthermore, Al curricular exerts a significant negative
effect on medical students’ attitudes towards the inclu-
sion of Al teaching in medicine (p=-0.100, p=0.003).
However, its effect on dentistry students is not statisti-
cally significant (p>0.05). Additionally, AI curricular has
a significant negative effect on the attitude towards the
inclusion of Al teaching in medicine of medical students
from developed country (p=-0.130, p=0.002), whereas
its effect on medical students from developing countries
is not significant (p > 0.05). This pattern suggests that con-
cerns or reservations about expanding Al education may
be more pronounced in developed countries and vary
across fields. These heterogeneity results show that Al
curricular exposure impacts subgroups differently. Vet-
erinary medicine students saw large knowledge gains—
about half a standard deviation—greater than dentistry
and general medicine students, who improved by roughly
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Table 4 Results of CEM

Taking Al Not

curricular  taking Al
curricular
Number of successfully matched samples 964 3,108
Number of unsuccessfully matched samples 82 389
L1 before matching 334
L1 after matching 247

one-third and one-eighth, respectively. Students from
developing countries also experienced stronger knowl-
edge increases (~15%) compared to developed coun-
tries (~12%). Attitudes toward Al curricular inclusion
declined moderately by around 10%, mainly among med-
ical students from developed countries. These effect sizes
highlight the complex and varied educational impact of
Al curricula across groups.

Structural equation modeling: testing mediating pathway
This study establishes SEM models for two depend-
ent variables (Alknowledge and Alteaching) with sig-
nificant regression results. This study assessed model fit
through the Comparative Fit Index (CFI), Tucker-Lewis
Index (TLI), Root Mean Squared Error of Approxima-
tion (RMSEA), and Standardized Root Mean Squared
Residual (SRMR).! The SEM model for Alknowledge
yielded CFI, TLI, RMSEA, and SRMR values of 0.942,
0.827, 0.075, and 0.032, respectively, and SEM model for
Alknowledge yielded CFI, TLI, RMSEA, and SRMR val-
ues of 0.923, 0.768, 0.057, and 0.024, suggesting that the
SEM models adequately represents the intrinsic relation-
ships within the data.

The results of SEM model for Alknowledge (see
Fig. 2) show that Al curricular has a significant positive
direct effect on medical students’ knowledge about Al
(B=0.158, p<0.001). The indirect effect of Al curricular
on medical students’ knowledge about Al is estimated
to be 0.062 (0.530 * 0.117), and this coefficient is statis-
tically significant (p<0.001). The results of SEM model
for Alteaching (see Fig. 3) show that AI curricular has
a significant negative direct effect on medical students’
attitude towards the inclusion of Al teaching in medicine
(B=-0.103, p<0.001). The indirect effect of Al curricu-
lar on medical students’ attitude towards the inclusion of
Al teaching in medicine is estimated to be 0.023 (0.527
* 0.044), and this coefficient is statistically significant

! Indices such as CFI and TLI, which are closer to 1, indicate a superior fit
of the model, with an RMSEA value of less than .08 and an SRMR value of
less than .05 being considered indicative of a satisfactory model fit [44, 59,
72]
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(p<0.001). These findings suggest that preparedness for
work with AI partially mediates the relationship between
AI curricular and medical students’ knowledge about Al
and their attitude towards the inclusion of Al teaching
in medicine. The SEM models showed good fit. Al cur-
ricular exposure significantly increased Al knowledge by
about 16% of a standard deviation and decreased enthu-
siasm for Al teaching by around 10%. Preparedness for
work with AI partially mediated these effects, indicating
complex pathways influencing student outcomes.

Discussion

RQ1:impact of Al curricular events on medical students’
attitudes on artificial intelligence

The current results demonstrated that students exposed
to Al education reported increased confidence in under-
standing AI applications and acknowledged its trans-
formative role in improving diagnostic accuracy and
patient outcomes. However, the findings also revealed
that in some cases, exposure to Al education reduced
enthusiasm for integrating Al into medical education.
This aligns with prior literature highlighting that poorly
designed or overly technical curricula can create barri-
ers to student engagement, particularly when miscon-
ceptions about AI replacing human clinicians are not
adequately addressed [19, 39]. These results suggest that
while AI education fosters confidence, it must also bal-
ance technical training with discussions on Als limita-
tions to prevent unintended negative perceptions.

The improved perceptions among students reflect
the efficacy of structured Al education in addressing
knowledge gaps and demystifying Al technologies. For
instance, students expressed a clearer understanding of
AT’s practical benefits, such as enhanced decision-mak-
ing precision in clinical practice, which corroborates the
argument in the introduction about AI’s capability to rev-
olutionize diagnostics and treatment [28, 55]. However,
consistent with the literature, students who perceived
AI education as overly complex or insufficiently aligned
with clinical practice goals expressed reduced interest in
engaging further with Al [54, 74]. These findings under-
score the importance of integrating Al curricula that not
only bridge knowledge gaps but also foster positive atti-
tudes by addressing fears and ethical concerns among
medical students.

These findings can directly inform medical curriculum
developers by highlighting the importance of integrating
Al education not only as standalone technical modules
but as interdisciplinary content embedded within clinical
and ethical training. For instance, the observed decline in
enthusiasm suggests that overly abstract or disconnected
Al instruction may alienate students. Therefore, future
curricula should emphasize practical AI applications
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Table 5 Matching status for control variables
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Variable L1 mean min 25% 50% 75% max
Before matching Gender 016 -023 0 0 0 0 0
Age 078 .200 1 1 0 0 -9
Total academic years 049 -076 0 0 0 0 0
Experience of programming code 073 073 0 0 0 1 0
Experience of technical devices usage 057 016 0 0 0 0 0
After matching Gender 3.6E-15 1.6E-14 0 0 0 0 0
Age 039 -028 1 0 0 0 0
Total academic years 1.9E-15 4.0E-14 0 0 0 0 0
Experience of programming code 1.8E-15 3.1E-15 0 0 0 0 0
Experience of technical devices usage 3.5E-15 3.8E-14 0 0 0 0 0

through simulation, interdisciplinary problem-solving,
and reflective discussion to sustain engagement.

These findings can directly inform medical curriculum
developers by emphasizing the need for curricula that
combine technical competence with clear communica-
tion about ATl’s realistic capabilities and ethical implica-
tions. Curriculum development should integrate applied
learning through clinical simulations and case-based sce-
narios that contextualize Al tools in real-world practice,
thus reducing misconceptions and anxiety [34]. Further-
more, addressing common fears such as job displacement
or dehumanization through reflective discussions and
ethical debates can build trust and acceptance among
students [58].

Potential barriers to implementation include over-
loaded medical curricula, limited faculty expertise in Al,
and resource constraints, particularly in low-resource
settings [67]. To overcome these, institutions could adopt
interdisciplinary collaborations with computer science
and bioethics departments, leverage online and modu-
lar AI education platforms to ease curricular integration,
and prioritize faculty development programs to build

Table 6 Results of regression model with CEM weights

educator capacity [29, 88]. Moreover, incremental cur-
riculum changes paired with continuous feedback from
students can enhance relevance and feasibility.

RQ2: differences in the impact across subgroups
Heterogeneity analysis reveals that the positive effect of
Al education on knowledge is particularly strong for vet-
erinary medicine students. Veterinary students benefit
significantly from Al tools designed for monitoring ani-
mal health, wearable device integration, and real-time
data analysis, which align closely with their professional
needs [6, 11]. By contrast, students in general medical
fields exhibited comparatively less pronounced benefits.
These findings underscore the necessity of tailoring Al
education to align with the distinct practical demands of
each specialization, ensuring all students recognize and
capitalize on its relevance to their future professional
roles.

Results indicate that students in developing regions
experienced greater positive effects on their knowledge
and attitudes toward Artificial Intelligence. In developed
countries, where Al is already integrated into curricula

Independent Variable Alknowledge Alteaching

B S.E t p B S.E t p
Alcurricular 137 019 717 <.001 -105 035 -3.00 003
Gender -162 017 —9.84 <.001 -135 030 -448 <.001
Age 005 003 1.73 084 009 005 1.89 059
Total academic years -009 013 -0.73 466 038 024 1.60 110
Experience of programming code 255 019 13.14 <.001 142 035 4.03 <.001
Experience of technical devices usage 049 009 5.81 <.001 091 016 5.86 <.001
Constant 2218 106 2093 <.001 3.547 193 1834 <.001
N 3,784 3,772
R? 1025 0262
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Table 7 Results of heterogeneity analysis

Subgroup Independent Variable Alknowledge Alteaching
B S.E t p B S.E t p

(Human) Medicine Alcurricular 123 019 6.56 <.001 -100 034 -293 003
Gender -154 015 -10.00 <.001 -135 028 —4.87 <.001
Age .007 .002 3.06 002 -003 004 -0.73 465
Total academic years -018 013 -1.35 176 018 024 0.77 A41
Experience of programming code 235 020 11.85 <.001 127 036 352 <.001
Experience of technical devices usage 053 .008 6.53 <.001 068 015 4.58 <.001
Constant 2.197 101 21.66 <.001 4016 184 21.84 <.001
N 4,021 4,008
R’ 1006 0187

Dentistry Alcurricular 338 091 373 <.001 -143 A7 —-0.84 405
Gender -255 083 -3.07 003 -183 157 =117 244
Age -001 011 -0.06 953 041 020 2.05 042
Total academic years 004 071 0.06 952 365 133 2.75 007
Experience of programming code 120 125 0.97 335 -435 234 -1.86 065
Experience of technical devices usage 086 039 2.23 027 109 072 1.50 135
Constant 2244 422 532 <.001 916 793 1.15 250
N 173 172
R’ 1605 1265

Veterinary Medicine Alcurricular 480 148 323 002 041 315 0.13 896
Gender -275 121 -227 026 139 257 0.54 592
Age 006 011 0.55 582 048 024 2.00 049
Total academic years -377 114 -3.32 <.001 -334 241 —-1.38 a7
Experience of programming code 161 130 1.24 219 A77 275 1.73 .087
Experience of technical devices usage 043 054 0.79 431 070 114 0.61 541
Constant 4423 776 5.70 <.001 4.140 1.649 2.51 014
N 76 76
R’ 3242 1187

Developing Country Alcurricular 154 031 497 <.001 -063 054 -1.17 243
Gender -155 027 -5.83 <.001 -107 046 -234 019
Age 003 .004 0.70 483 007 007 0.98 328
Total academic years -007 022 -0.30 763 060 038 1.57 116
Experience of programming code 157 038 4.16 <.001 080 065 1.22 223
Experience of technical devices usage 068 013 528 <.001 092 022 4.11 <.001
Constant 2225 163 13.67 <.001 3386 281 12.06 <.001
N 1,622 1,616
R’ 0714 0203

Developed Country Alcurricular 123 022 548 <.001 -130 043 —-3.05 002
Gender -158 018 -8.83 <.001 -154 034 —4.53 <.001
Age .009 .003 355 <.001 -003 .005 —-0.70 A84
Total academic years -027 015 -1.79 073 037 029 1.28 201
Experience of programming code 269 022 12.21 <.001 126 042 3.00 003
Experience of technical devices usage 054 010 534 <.001 055 019 2.83 .005
Constant 2176 120 18.12 <.001 4.000 230 1741 <.001
N 2,647 2,639

R? 1353 0200
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Preparedness for
working with Al

B = .530, p < .001

B =.158, p < .001

B=.117, p < .001

Al Curricular

A 4

Al Knowledge

chi2 = 30.502, p < .001

Fig. 2 Results of SEM for Alknowledge

through advanced tools such as intelligent tutoring sys-
tems and gamified platforms, students benefit from pre-
cision training and personalized learning. However, the
relative impact of these resources is smaller as students
may view them as standard educational practices [23,
126]. By contrast, in developing regions, Al curricula
often provide students with their first exposure to cut-
ting-edge technologies, resulting in greater appreciation
and enthusiasm [42].

The contradiction between increased knowledge and
decreased enthusiasm for AI among medical students
can be explained by several factors. Greater AI under-
standing often raises concerns about job security, espe-
cially in diagnostic fields [37, 75]. Students also become
more aware of ethical risks, like data privacy and algo-
rithmic bias, which can lead to hesitation about AI’s role
in patient care [60, 84]. Additionally, when Al education
lacks clinical relevance or practical training, it may feel
disconnected from real-world medicine [69]. The added
workload from AI modules can further dampen enthusi-
asm, especially in already intense medical curricula [99].
These factors suggest the need for balanced, applied, and
ethical Al instruction.

RQ3: role of preparedness in shaping students’ attitudes
toward artificial intelligence

Preparedness for working with Al plays a critical role in
shaping medical students’ attitudes, with greater prepar-
edness correlating with increased confidence and posi-
tive perceptions. Students who reported feeling prepared

after participating in Al curricula were more optimistic
about Al’s potential, aligning with prior literature empha-
sizing the link between education and confidence in Al
adoption [33, 121].

Preparedness not only influences students’ willing-
ness to adopt Al but also mitigates fears of Al replacing
human decision-making. This resonates with earlier find-
ings that structured educational interventions, including
hands-on training, alleviate concerns about algorith-
mic bias and dehumanization in clinical care [7, 23].
Conversely, students with limited exposure expressed
skepticism and uncertainty, reinforcing the notion that
preparedness is a key mediator between education and
attitudes. These results highlight the necessity of compre-
hensive Al curricula that prioritize experiential learning
to ensure students feel equipped to integrate Al into their
future practice confidently.

Addressing misconceptions through targeted curriculum
design

One key to mitigating learner misconceptions about Al
is to embed conceptual-change strategies directly into
course modules, dedicating early lessons to debunking
common myths—such as “Al systems have human-like
understanding” or “Al will imminently replace profes-
sionals”—using concrete examples and interactive refu-
tation texts can foster conceptual reconstruction rather
than mere fact-listing [16]. Additionally, problem-based
case studies that contrast system capabilities (e.g., pat-
tern recognition) with known limitations (e.g., lack of

Preparedness for
working with Al

B =.527, p < .001

B =-.103, p < .001

B =.044, p < .001

Al Curricular

A 4

Al Teaching

chi2 = 15.930, p < .001

Fig. 3 Results of SEM for Alteaching
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contextual reasoning) encourage students to actively
reconcile their prior beliefs with empirical evidence,
strengthening accurate mental models of AL

Explaining the drop in enthusiasm: content and delivery
factors

Several studies have observed a decline in student enthu-
siasm after initial exposure to Al topics, often linked to
a mismatch between high expectations and subsequent
curriculum depth [49, 68, 91, 123]. In particular, courses
that emphasize ethical debates and speculative futures
without sufficient hands-on practice tend to leave learn-
ers feeling underprepared for real-world applications,
dampening engagement [31]. Conversely, curricula that
balance technical skill-building with ethical and societal
context maintain higher sustained interest. Detailing the
variability in curriculum content—for instance, contrast-
ing programs that allocate 60% of contact hours to coding
exercises vs. those that spend 80% on policy discussion—
can help clarify how content emphasis drives both mis-
conceptions and motivation [35].

Innovative contributions

First, unlike most descriptive investigations limited to
a single discipline or country, this research draws on a
cross-disciplinary, global sample of 4,596 medical, den-
tal, and veterinary students from 48 countries, providing
unprecedented breadth and representativeness. Second,
on the methodological front, this study is the first in
Al education for health professions to employ CEM to
reduce selection bias, supplemented by SEM to test the
mediating role of preparedness mindset on knowledge
and attitude outcomes—thereby delivering stronger
causal inferences than standard regression approaches.
Third, we reveal heterogeneous effects of Al course par-
ticipation across disciplines (medicine vs. dentistry vs.
veterinary) and country development levels (developed
vs. developing), filling a critical gap in differentiated,
cross-disciplinary impact mechanisms. In sum, by inte-
grating a global, multi-disciplinary sample with rigorous
causal-inference techniques, this study offers systematic,
generalizable insights for Al education design and policy
in the health professions.

Conclusion

This study provides valuable insights into the impact of
Al education on medical students’ attitudes towards
Artificial Intelligence. Our findings reveal a complex
interplay between Al curricular and students’ knowledge
and attitudes towards Artificial Intelligence in medical
education. While AI education significantly enhances
medical students’ knowledge about Al, it concurrently
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diminishes their enthusiasm for integrating Al into medi-
cal education. Importantly, no significant effects were
observed on students’ attitudes towards Al application in
medicine, the profession of physicians, and the relation-
ship between Al use and legal and ethical conflicts.

The use of Coarsened Exact Matching (CEM) confirms
the robustness of our results. Furthermore, heterogene-
ity analysis suggests that the positive effect on knowledge
is more pronounced for veterinary medicine students
and those from developing countries. In contrast, the
negative effect on attitudes towards Al teaching is more
pronounced for students from developed countries.
This finding underscores the need for tailored Al edu-
cation programs that consider the diverse backgrounds
and needs of medical students. The results of Structural
Equation Modeling (SEM) indicate that preparedness for
work with AI partially mediates the relationship between
Al curricular and medical students’ knowledge and
attitudes.

In conclusion, this study highlights the importance of
balanced AI education in medical schools. While it is
crucial to improve medical students’ knowledge about
Al, equal attention should be given to addressing their
concerns regarding the integration of Al in medical edu-
cation. By adopting a nuanced approach to Al education,
we can better prepare future physicians to harness the
potential of Al in healthcare while maintaining a positive
and ethical approach to its application.

Recommendations for stakeholders

Based on the findings of this study, we propose the fol-
lowing recommendations for stakeholders involved in the
design and implementation of artificial intelligence (AI)
education in medical training programs:

1. Design Balanced Curricula That Address Both Tech-
nical Knowledge and Ethical Concerns

While AI curricula significantly improve students’
knowledge, they may simultaneously reduce enthusiasm
for further Al instruction. Therefore, curriculum design-
ers should ensure that AI education not only focuses on
technical competencies but also addresses students’ con-
cerns about Al's impact on clinical roles, ethical dilem-
mas, and human-centered care. Embedding reflective
discussions, case studies, and interdisciplinary dialogues
into Al courses can foster deeper engagement.

2. Implement Tailored AI Education Based on Discipli-
nary and Regional Needs



Zheng and Xiao BMC Medical Education (2025) 25:1115

Given the heterogeneous effects observed across dis-
ciplines and development levels, Al education should be
customized. For example, veterinary and dental students
may benefit from more applied, domain-specific content,
while students in developing countries may require foun-
dational exposure with accessible resources. Stakeholders
should consider resource availability, technological infra-
structure, and students’ baseline familiarity when design-
ing interventions.

3. Prioritize Experiential and Practice-Oriented Learn-
ing

The findings emphasize that preparedness plays a
mediating role in shaping positive attitudes. To improve
students’ readiness to work with Al, educators should
incorporate hands-on experiences, including simulation-
based learning, problem-based case analysis, and guided
interaction with Al-enabled clinical tools. This will help
students build confidence and apply theoretical knowl-
edge to real-world contexts.

4. Monitor and Evaluate AI Curricula with Evidence-
Based Metrics

Ongoing assessment of Al curricula is essential to
ensure their relevance, effectiveness, and alignment with
clinical and technological developments. Institutions
should systematically gather student feedback, conduct
pre- and post-course assessments, and track changes in
knowledge, attitudes, and preparedness. These evalu-
ations enable continuous improvement in content and
pedagogy. Moreover, data-driven evaluation helps iden-
tify specific areas of weakness and informs targeted
adjustments. Where possible, institutions should also
consider longitudinal tracking to assess the sustained
impact of Al education on students’ competencies and
professional readiness.

Limitation and future directions

This study has several limitations. First, the sample
may not fully represent the global medical student
population, potentially limiting generalizability. Future
research should include a more diverse range of schools
and regions to enhance external validity. Second, self-
reported data may be affected by response and percep-
tion biases; mixed-method approaches such as interviews
or clinical observations could provide deeper insights.
Additionally, the study did not control for confound-
ers like prior Al knowledge, clinical exposure, or cur-
riculum quality. Although the survey was pilot tested and
reviewed by experts, further validation across cultural
and linguistic contexts is recommended. Finally, selection
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bias may have occurred due to the online distribution
of the survey and the voluntary nature of participation,
potentially leading to an overrepresentation of students
with a pre-existing interest in AL

In terms of future directions, longitudinal stud-
ies are essential to examine the long-term effects of Al
curricular on medical students’ knowledge retention,
attitudes towards Artificial Intelligence, and job satisfac-
tion. Experimental designs or quasi-experimental stud-
ies could be employed to establish a causal relationship
between Al education and changes in students’ percep-
tions. Research should also explore the potential for
interdisciplinary Al education that balances technical
knowledge with ethical, legal, and societal implications.
Furthermore, investigations into the most effective teach-
ing methods and integration strategies for Al in medical
education would be valuable for educators and policy-
makers in designing comprehensive and balanced Al cur-
ricula. Lastly, exploring the role of mentorship and peer
interactions in shaping students’ perceptions of Al could
provide additional insights into the educational process.
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