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Abstract

Aims To explore undergraduate dental students' Al knowledge, perceptions, and concerns, and to identify their
educational needs based on these findings.

Methods A cross-sectional, anonymous survey was conducted using a 30-item online questionnaire distributed

to dental schools across multiple countries. The survey employed an exploratory, observational approach with
convenience and snowball sampling methods. The population included dental students from all academic semesters,
and participation in the survey was voluntary. The questionnaire consisted of multiple-choice and Likert-scale
questions organized into five sections: consent form, demographic data, knowledge/awareness, perceptions/
attitudes, and ethics-related questions. Data were analysed using Jamovi and R. Descriptive statistics summarised the
demographic characteristics and responses to survey questions. Non-parametric correlation analysis was employed as
a primary measure of association for relationships between ordinal variables. For regression analyses, ordinal logistic
regression models were constructed to identify predictors for specific outcomes. For each Likert scale question, an
ordinal logistic regression model was constructed (dependent variable), with the knowledge questions score as a
covariate and the nominal answered questions as factors.

Results 508 students completed the questionnaire. Most students (76.2%) agreed they understood what Al entails,
and 67.4% were familiar with generic Al tools; however, only 34.7% knew Al's dental applications. 70.3% supported
Al education during undergraduate studies, favoring case-based teaching, and 53.7% felt their current education
had not adequately prepared them for Al technologies. Students declared that Al would be beneficial in diagnostic
analysis (64.5%), enhance clinical practice (69.5%), and improve patient care (60.4%). Also, 41.7% believed that Al
would cause a reduction in professionals’skills and dehumanize healthcare (29.2%). 3/4 students agreed that Al
ethics should be taught from a multidisciplinary perspective, and 65.3% declared Al in healthcare should be legally
regulated.
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Conclusions This study establishes baseline data on dental students' Al knowledge and educational requirements
across multiple countries. Despite general Al familiarity, understanding of dental applications remains limited. The
results highlight the need for structured Al education programs tailored to students'knowledge gaps and learning
preferences. Dental students' understanding and perceptions of Al can effectively guide the identification of their

learning needs and inform curriculum integration.

Keywords Artificial intelligence, Al curriculum, Dental education, Dentistry, Health education, Undergraduate, Higher

education, Educators, Students questionnaire, ChatGPT

Introduction

Background

Artificial Intelligence (AI) has changed various fields of
medicine, such as radiology, genetics, surgery, and health
status assessments [1-3]. Healthcare was impacted by Al
pattern recognition abilities to identify clinical conditions
and predict adverse events [4]. Al-powered systems have
outperformed humans in identifying skin conditions or
predicting cancer based on radiographic examinations [3,
5].

In dentistry, AI can enhance diagnostics, support
clinical decision-making, and improve patient safety
by reducing errors [6, 7]. Key advancements include
image-based disease detection, predictive modeling for
oral health outcomes, and treatment simulations [8]. In
dental imaging, Al diagnostic accuracy is comparable to
or better than specialists [9]. The use of multimodal Al
can integrate health records, socio-demographic data
[6], reducing administrative tasks and improving effi-
ciency and accessibility. Al-powered systems merged
with gamification and virtual/augmented reality can also
enhance students’ and professionals’ training [10]. Fur-
ther advancements in dentistry involve the development
of reasonable multimodal integrated AI systems capable
of interacting with the environment and even performing
complex tasks similar to human capabilities [6].

Despite growing interest in Al, health education is
still in the process of integrating these advancements.
There is a need to improve digital literacy in health-
care to ensure the effective and safe use of Al technolo-
gies in clinical practice [11], and higher education plays
a crucial role in this. Formal education on Al is limited,
inconsistent across higher education institutions, and
mostly research-focused rather than addressing real-life
situations [5, 11-13]. This might be due to the lack of evi-
dence to inform the integration of Al in undergraduate
curricula [5], inadequate support/training of educators
[14], or resistance to change [15]. Student surveys have
demonstrated that most dental and medical students
report limited knowledge, a lack of formal instruction,
and a strong interest in integrating Al concepts into their
training [2, 8, 11, 15-20].

Rationale and objectives

Since undergraduate students are primary beneficiaries
of Al education, their perspectives and attitudes play a
crucial role in shaping this educational intervention [19,
21]. Existing research has primarily focused either on
exploring students’ attitudes toward Al [1, 2, 8, 10] or on
proposing Al competences and curricula [3, 13]. Yet, no
studies have combined these perspectives, even though
it is essential that new AI curricula are firmly grounded
in students’ opinions and attitudes, as students are the
primary stakeholders in education and their perspectives
are crucial for ensuring both relevance and acceptance.
Thus, this study aims to address this gap in the literature
by assessing dental students’ knowledge, perceptions,
and concerns regarding Al in dentistry, and by identi-
fying their educational needs based on these insights.
The results of this survey will contribute to the ongoing
efforts to identify key insights for integrating Al into den-
tal education.

Materials and methods

Study design

A cross-sectional, anonymous survey was conducted
using an online questionnaire. The questionnaire was
developed by adapting and refining previously published
and validated questionnaires relevant to the study topic
[22-27]. The multiple-choice knowledge questions were
developed with assistance from ChatGPT-4, which pro-
vided relevant input following targeted prompts. Report-
ing of this study followed the STROBE statement for
cross-sectional studies [28, 29]. The study’s ethical clear-
ance was obtained from the Institutional Committee on
Bioethics and Ethics of the European University Cyprus
(approval number EUC ETHICS COMMITTEE.2024-03,
date 26 March 2024).

Setting, participants, sample size

The survey was conducted between March and May 2024
and employed an exploratory, observational approach
with convenience and snowball sampling methods. Given
the study’s exploratory nature, sample size estimation
and power calculations linked to the sample size had to
be waived. Dental students from all semesters of all uni-
versities involved (seven Universities) were invited to vol-
untary join the study; no financial or academic interests
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were implied. Participants were free to withdraw from
the study at any time without any consequences. Students
could fill the survey using either a QR code or the direct
link to the survey webpage after reading and providing
informed consent. The estimated survey duration was
less than 10 min and contact information for the prin-
cipal investigator and the privacy policy were provided.
All participants could ask questions via email. Only two
researchers could access the student data.

Data sources

The survey was composed of an anonymized questionnaire,
having multiple-choice and Likert-scale questions, and
was designed using Google Forms (Google LLC, United
States). To assess usability and ensure the reliability of the
online survey, a pilot test was conducted with 10 dental
students from the target population. The questionnaire
was administered in English and was not translated into
other languages. The students independently completed
the questionnaire without consulting others and assessed
its relevance, clarity, and comprehensibility. Based on their
feedback, modifications were made to enhance clarity and
user-friendliness, including adding examples in two of the
questions. For example, we added examples of generic Al
tools (Siri, chatbots, image generation, etc.) to the question
asking about students’ knowledge of such tools. Responses
from the pilot study were excluded from the data.

The survey was divided into five subsections:

1st: consent form accompanied by a brief
presentation of the study.

2nd: demographic data (i. dental school and country
of the respondent, ii. year of study, and iii their
self-assessed knowledge and IT proficiency, using a
5-point Likert scale).

3rd: 10 knowledge/awareness-related questions,
exploring factual knowledge level, dental and general
applications, and personal sources of information.
4th: 14 questions related to students’ perceptions and
attitudes towards Al (advantages and disadvantages
of using Al in education and practice, opinions
regarding the integration of Al into formal education,
and beliefs and future expectations).

5th: 6 ethics-related questions.

Questions were designed to measure the cognitive
(knowledge and skills, understanding), affective
(self-efficacy, confidence, motivation), behavioral (Al
implementation and usage), and ethical aspects of Al
in education and practice [30].

Sources of bias

As the questionnaire was administered only in English,
a potential language-related bias may have occurred
among non-native English-speaking participants.
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Differences in language proficiency could have influenced
comprehension of the questions and, consequently, the
accuracy or depth of the responses. Moreover, the use of
snowball sampling may have further introduced bias, as
participants were recruited through academic networks,
potentially leading to an overrepresentation of students
with similar backgrounds, interests, or attitudes toward
Al In addition, participants might have provided socially
desirable answers regarding their knowledge or attitudes,
and students with a greater interest in AI may have been
more likely to participate, resulting in response and
selection bias. Finally, under-coverage bias is inherent to
all web-based surveys, as only respondents with Internet
access were able to complete the questionnaire [31].

Statistical analysis
Data were analysed using Jamovi (Version 2.6) [32] and
R [33].

Descriptive statistics summarised the demographic
characteristics and responses to survey questions. The
relationships between students’ responses to the ques-
tions were explored across the three core conceptual
domains of the questionnaire (knowledge-awareness,
perceptions-attitudes, and ethics) and three key areas:
(a) their self-assessed IT proficiency, (b) their scores on
the three factual Al knowledge questions, and (c) their
primary source of initial Al learning. For these investi-
gations, Kendall’s Tau-b (tb) was employed as a primary
measure of association for relationships between ordi-
nal variables. Additionally, Spearman’s rank-order cor-
relation (p) was used to assess monotonic relationships
between other relevant ordinal or continuous-ordinal
variables within the dataset. The statistical significance
of these associations, particularly when dealing with cat-
egorical variables or when expected cell frequencies were
low, was rigorously determined using the Monte Carlo
simulated Fisher’s exact test for contingency tables. This
advanced approach provided more robust p-values com-
pared to the standard chi-squared test. Cramer’s V was
consistently used to quantify the effect sizes for associa-
tions between relevant categorical variables.

For regression analyses, ordinal logistic regression
models were constructed to identify predictors for spe-
cific outcomes. For each Likert scale question, an ordinal
logistic regression model was constructed (dependent
variable), with the knowledge questions score as a covari-
ate and the nominal answered questions as factors.

The level of significance for all statistical tests was set
at p<0.05.

Results

Descriptive statistics

The study involved 508 students who completed the
questionnaire. Most respondents came from Cyprus
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(225; 47.3%), followed by India (64; 13.4%) and Latvia (51;
10.7%). Other countries could not reach more than 10%
individual participation (Fig. 1). The distribution of par-
ticipants across the years of study reveals 111 students in
Year 1 (21.9%), 117 in Year 2 (23.0%), 87 in Year 3 (17.1%),
141 in Year 4 (27.8%), 46 in Year 5 (9.1%), and 6 in Year 6
(1.2%).

1. Most students considered their own IT knowledge
as “adequate” (44.2%) (level 3 on the 5-point Likert scale),
23% as “limited or no knowledge” (levels 1 and 2) and
only 6.3% as “highly proficient” The average self-assessed
IT proficiency was 3.18 (SD =0.97).

2. Regarding where students first learnt about arti-
ficial intelligence during their studies, the most fre-
quent source was social media and forums (35.7%),
self-research and exploration (33.4%), their peers (19.7%),
or during formal university courses (11.1%).

3. Regarding the 3 factual knowledge questions, 77%
understood that Al products can improve their perfor-
mance and make decisions based on data, 66.5% of stu-
dents correctly answered that 3D printing is not an Al
application, and 51% correctly defined artificial intel-
ligence as “mimicking human intelligence by machines”
Most participants answered two questions correctly
(40%), and less than one-third (29.5%) answered all ques-
tions correctly.

4. Overall, most students (76.2% agreeing or strongly
agreeing) indicated they understand what Al entails,
and 67.4% reported being familiar with using generic Al
tools. However, the understanding of Als applications
in dentistry was lower, with only 34.7% demonstrating
comprehension, and awareness of AI’s use in periodontal
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diagnosis was 44.1%. In fact, 52.5% of students reported
a lack of familiarity with dental AI applications, and
30.3% were unfamiliar with the concept of prompting Al
(Fig. 2).

5. Concerning students’ attitudes and perceptions
towards Al in education and clinical practice, the
majority showed positive attitudes. Approximately 70%
believed that Al tools would enhance their clinical prac-
tice, and a similar percentage (60.4%) felt they would
improve the quality of patient care. Also, nearly 70%
considered AI education essential during undergradu-
ate studies, favoring case-based and application-focused
teaching (70.3%). Interestingly, 53.7% felt their current
education had not adequately prepared them to use Al
technologies in clinical practice. Despite these positive
views, less than half (45%) imagined themselves working
closely with Al algorithms. Regarding the use of genera-
tive Al, 60.3% of students admitted to using Al in their
studies, 41.3% thought that AI undermines educational
value, and 26.9% preferred ChatGPT over traditional
search engines. About AI’s potential impact, approxi-
mately 30% disagreed that AI would degrade professional
skills (while 41.7% agreed), and 41.6% believed that it
would not harm the patient-doctor relationship (29.2%
believed the opposite). Furthermore, 47.1% did not think
AT’s diagnostic abilities were superior to humans;, and
nearly 60% believed that large language models cannot
replace human educators in theoretical courses (Fig. 3).

6. Students considered dental diagnosis (64.5%), treat-
ment planning (52.5%) and educational tools (47.8%)
as more likely to benefit from Al Dental practice

Which Dental School / Country are you studying in?

Cyprus

[+2]
NN

India
Latvia 51
Czech Republic 36
MNepal 34
Belgium 21

Germany 21

United
States

Japan 8
others 7

(Missing) 32

Fig. 1 Chart depicting the frequency of countries

225
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Knowledge—-awareness Questions and Responses

- Strongly disagree

| know and understand what Al _
is

| know how to use various

generic Al tools (e.g., Siri, _
chatbots, image generation,
speech to text, etc)

| understand how Al is _
utilized in dentistry

| know that Al can be used in
clinical diagnosis of =
periodontal bone loss

| am familiar with the concept
of prompting and | can create -
relevant and effective prompts

| use/am familiar with the
usage of dental Al-based
applications (e.g.ORCA Dental

Al, Denti Al, VideaHealth, -
Pearl, Smilecloud, Dental
Analytics, Dental Monitoring,
AssistDent, etc)

40%

100% 80% 60%

Fig. 2 Chart of students'responses on Al knowledge and awareness

management and patient management were the least
considered areas, mentioned by almost one-third of
respondents.

7. The ethics-related questions revealed that most stu-
dents agreed that Al ethics should be taught from a mul-
tidisciplinary perspective during undergraduate studies
(75%), believed Al in healthcare should be legally regu-
lated (65.3%), and expressed concerns about potential
breaches of sensitive private data (57%). Half of the stu-
dents (51.9%) were concerned about the general ethical
implications of Al in healthcare, while 13% did not share
these concerns. Concerning liability for errors caused by
Al 54.9% of students believed healthcare professionals
should be held responsible (16.9% disagreed), and 47.1%
expressed uncertainty about accountability (Fig. 4).

Analytical statistics

Students’ self-assessed IT proficiency

Those students who initially learned about Al through
their own research or university courses tended to rate
their IT knowledge and skills more highly (Fisher’s exact
test p = 0.001, Cramer’s V=0.156). Positive correlations
were observed between students’ self-assessed computer
skills (IT skills) and their understanding of what Al actu-
ally is (Spearman’s rho=0.431, p<0.001) and between

Neutral

Disagree Agree - Strongly agree

| 2.2%

*.7%

Izo.a% 34.7' 45.0%
Is% 44.1. 32.1%
.3% 30.1. 39.6%
16.6°/| 30.9%
20% 0%  20%  40%  60%  80%  100%

their perceived IT skills and understanding how Al is
used in dentistry (Spearman’s rho =0.282, p <0.001).

Students’ scores on the factual knowledge

No significant correlation was observed between stu-
dents’ scores and the self-assessed IT skills (p>0.05), nor
between the scores and the primary source of learning
about Al (p>0.05).

Students who demonstrated more AI knowledge were
less satisfied with their current dental school educa-
tion’s preparation for Al use (Fisher’s exact test p =0.002;
Kendall's Tau-b p<0.001), were also more confident
that Al tools would improve clinical practice (Fisher’s
exact test p=0.002; Kendall's Tau-b p<0.001) and den-
tal patient care (Fisher’s exact test p=0.011; Kendall’s
Tau-b p<0.001). Moreover, as students’ Al knowledge
increased, their concerns about Al making healthcare less
personal and negatively affecting the doctor-patient rela-
tionship tended to decrease (Fisher’s exact test p=0.001;
Kendall's Tau-b p<0.001), as also declined their agree-
ment with the idea that AI could replace dental educa-
tors for theoretical courses (Fisher’s exact test p<0.001;
Kendall’s Tau-b p<0.001) or could reduce health profes-
sionals’ skills (Fisher’s exact test p =0.028; Kendall’s Tau-b
p<0.001).
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Attitudes-beliefs Questions and Responses

[l stongy disagree [T Disagree 1] Agree [ Strongly agree ] Neutral

| believe that being able to
evaluate and use Al tools will -
enhance my clinical practice

The teaching of Al should be

100% 80% 60%  40%  20% 0%  40% 60%  80%  100%

Fig. 3 Chart of students'responses on attitudes and perceptions towards Al
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Ethics=concerns Questions and Responses

The teaching of Al ethics
should be taught by experts in

various fields (e.g. computer _
science, philosophy, law) to
ensure a multidisciplinary
perspective

Al in dentistry/medicine
should be regulated by -
legislation

A major drawback of Al in
dentistry will be the possible _

privacy violations of

sensitive medical data

| am concerned about the

ethical implications of using _
Al in dentistry and healthcare
in general

| am certain that should Al

technology make an error, the _
healthcare professional bears
full responsibility

| cannot out who will

be accountable for any

accident resulting from the
use of Al in dentistry the -

dentist, the software company,

or the patient who consented

to follow Al's input

100%  80%  60%  40%

Fig.4 Chart of students'responses on ethical issues regarding Al in dentistry

Students who answered more Al knowledge questions
correctly generally reported a higher understanding of
Al (Fisher’s exact test p =0.046; Kendall’s Tau-b p=0.041)
and perceived Al as an educational tool (Fisher’s exact
test p=0.009; Cramer’s V=0.152), however, they were
not more familiar with dental Al applications (Fisher’s
exact test p=0.020; Kendall’'s Tau-b p <0.001).

20%

0%

Students’ with higher scores were uncertain about Al
accountability in dentistry (Fisher’s exact test p=0.031;
Kendall’s Tau-b p =0.269), were concerned about Al pri-
vacy violations in dentistry (Fisher’s exact test p=0.029;
Kendall's Tau-b p=0.060), and believed that Al ethics
should be taught from a multidisciplinary perspective
(Fisher’s exact test p <0.001; Kendall’s Tau-b p < 0.001).
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The primary source of students’ learning about Al

Those students who learned about Al through their own
research or university courses tended to self-assess their
IT knowledge and proficiency more highly (Fisher’s exact
test p = 0.001, Cramer’s V =0.156), as well as their know-
ing and understanding of Al (Fisher’s exact test p=0.013,
Cramer’s V=0.123), and their understanding of how Al
is applied in dentistry (Fisher’s exact test p < 0.001, Cra-
mer’s V=0.177). The ones who learned through their
own research and exploration were more likely to report
a higher ability to use generic Al tools (Fisher’s exact
test p=0.006, Cramer’s V=0.135). While an association
existed between the initial learning method and familiar-
ity with AI in dentistry (Fisher’s exact test p=0.001, Cra-
mer’s V=0.100), no clear pattern emerged regarding the
primary source of information about AL

Additional correlations among various questions
Students who knew how to use general Al tools tended to
understand what Al is (Spearman’s rho=0.348, p<0.001),
how Al is used in dentistry (Spearman’s rho=0.170, p
< 0.001), and that AI can help diagnose periodontitis
(Spearman’s rho=0.167, p<0.001). Skill at “prompting”
(giving instructions to Al like in ChatGPT) correlated
with understanding what Al is (Spearman’s rho=0.420,
p<0.001), how AI is used in dentistry (Spearman’s
rho=0.295, p<0.001), knowing how to use Al tools
(Spearman’s rho=0.482, p<0.001), and that AI can help
diagnose periodontitis (Spearman’s rho =0.459, p <0.001).
Conversely, students concerned that AI can make
healthcare less personal did not believe Al would be help-
ful in their practice (Spearman’s rho = -0.190, p <0.001)
and did not think AI education should be compulsory
(Spearman’s rho = -0.105, p<0.01). Those who did think
AT education should be compulsory also tended to pre-
fer Al to be taught using real-world dental examples
(Spearman’s rho=0.124, p<0.01) and believed AI would
improve patient care (Spearman’s rho=0.138, p<0.01).
Furthermore, students who preferred using Chat-
GPT to search engines were more likely to know how to
use Al tools (Spearman’s rho=0.282, p<0.001) and have
used ChatGPT in their studies (Spearman’s rho=0.171,
p<0.001). Students who felt their dental school has pre-
pared them well for using Al tended to have a better under-
standing of Al in general (Spearman’s rho=0.143, p<0.01),
and of Al's dental applications (Spearman’s rho=0.301,
p<0.001), and knew how to use Al tools (Spearman’s
rho =0.350, p<0.001). Finally, students with a good general
understanding of AI were more likely to understand its use
in dentistry (Spearman’s rho =0.340, p <0.001).

Ordinal logistic regression
Support for mandatory education The belief that Al
education should be mandatory revealed that Year 6 stu-
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dents were more supportive than Year 1 (p=0.039, 523%).
Greater factual knowledge about Al predicted a stronger
support for mandatory Al education (p =0.034, 24%), and
for using Al for diagnostic analysis (p<0.001, 100%), as
educational tools (p =0.009, 59%), and for dental practice
management (p<0.001, 96%). While using Al for patient
management (p=0.031, -36%) and learning about AI via
peers (p=0.017, -53%) were associated with unwillingness
to include Al in the dental school curriculum.

Scores to the knowledge questions (factual knowl-
edge) For each unit increase in knowledge participants
were more likely to agree that Al enhances clinical prac-
tice (27%, p=0.013), to believe Al improves patient care
(30%, p=0.009), to express willingness to work alongside
Al (33%, p=0.002), and to agree that Al ethics should
be taught from a multidisciplinary perspective (48%,
p<0.001). It was also observed that students with higher
scores were less likely to believe Al’'s diagnostic ability is
superior to humans (-20%, p =0.024), prefer using Chat-
GPT over traditional search engines (-26%, p = 0.002), and
agree that Al can replace pre-clinical dental educators
(-38%, p<0.001). Factual knowledge did not predict their
reported use of generative AI technologies (p=0.839),
concern about ethical implications of Al (p=0.555),
the perceived need for Al to be regulated by legislation
(p=0.235), uncertainties about accountability for AI acci-
dents (p=0.189), or certainty that the healthcare profes-
sional using Al is responsible for its errors (p =0.246).

Discussion

This study explored dental students’ knowledge and per-
ceptions of Al to identify learning needs and key insights
for integrating Al into dental education [19, 21]. As AI-
based tools advance in clinical applications and research,
it is crucial to better understand how to include AI edu-
cation in the dental curriculum. Now, it is expected that
dental students and professionals know how to use Al
systems and methods critically to enhance their profes-
sional skills and employability [15, 34].

Knowledge and awareness
Corroborating previous studies [1, 8, 20, 35], it was
observed that students self-reported knowledge level in
computers and IT seems rather average (average IT pro-
ficiency was 3.18 on the 5-point scale). Accordingly, high
knowledge levels were reported at low percentages [1, 8,
20, 35]. Unusual reports of high knowledge levels' higher
frequencies are attributed to the country and characteris-
tics of the student population [2, 11, 36].

In the factual knowledge about Al, students scored
rather high, with the lowest score being the correct defi-
nition of AI (50%). The higher percentage of top scores
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was achieved by students from the Czech Republic (67%),
Japan (62%), and the USA (56%), followed by Germany
and Belgium. All other countries’ percentage of top scor-
ers was lower than 40%, and India and Nepal obtained
the lowest scores. Our results highlight the educational
differences between countries, potentially confirm-
ing that students from developed countries had a better
understanding of Al and its developments [2, 16]. Beyond
educational systems, students in high-income countries
often benefit from better technological access and infra-
structure, which provides more opportunities to engage
with AI concepts and tools. This is closely linked to the
earlier integration of digital literacy and Al-related con-
tent in their university curricula, giving them a system-
atic advantage. Finally, cultural perceptions of technology
may further reinforce these differences, with some soci-
eties (e.g. USA, Japan) being more open to innovation.

Based on the regression analysis, the profile of students
with high factual knowledge describes students who are
willing to work alongside Al, believe that Al enhances
clinical practice and improves patient care, and want Al
ethics to be taught from a multidisciplinary perspective.
They do not believe that Al's diagnostic ability is superior
to humans, do not use ChatGPT over traditional search
engines for dental topics, and do not agree that Al can
replace preclinical educators. These findings suggest that
students with greater Al knowledge have a more bal-
anced and realistic view of AI’'s potential, recognizing its
supportive role in clinical practice, and understanding its
limitations and the importance of human expertise.

Only half of the students were able to correctly define
Al while 77% were able to identify what makes a prod-
uct Al indicating that students knew specific products/
applications better than the theoretical background of Al
[37]. This was partly confirmed by the knowledge ques-
tion about what Al technology is, in which most could
distinguish AI from other modern technologies. It was
surprising, though, that the remaining third thought that
3D printing was Al technology and that one-third of stu-
dents knew about AI dental applications. This suggests
that students had a limited exposure to Al-related edu-
cational content, supported by the fact that only 11% of
the participants declared having first learned about Al in
university courses.

Students who first learned Al by themselves or uni-
versity courses rated their IT knowledge and skills more
highly, suggesting that exposure to Al fosters with stron-
ger digital literacy. This aligns with the finding that stu-
dents who rated their IT knowledge highly also reported
a better understanding of what Al is and its dental uses,
and that stronger IT skills are linked to a better percep-
tion of general and dental Al [20, 21, 36].

Complementing this finding, students possessing
emerging technological skills — such as using chatbots,
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image generators, and prompt engineering — demon-
strated a better understanding of Al It has been dem-
onstrated that students who perceived themselves as
technologically proficient reported higher awareness of
ATs dental applications [10], were more confident [20],
and were likely to have basic Al understanding [17].

Interestingly, no correlation between Al self-evaluated
proficiency and factual knowledge was observed, as
students at all proficiency levels (apart from those with
no proficiency at all) performed well in the knowledge
questions. In contrast, it was reported that tech-savvy
students were more likely to have high or moderate Al
knowledge [20]. It is understood that Al-related knowl-
edge may not depend on general IT skills, as understand-
ing Al concepts is not directly related to using digital
tools. Furthermore, self-assessed IT proficiency is subjec-
tive and may not reflect actual skills; highly knowledge-
able students may rate themselves only moderately, due
to being aware of what they have yet to learn, while oth-
ers may overrate themselves. In addition, Al is a popu-
lar topic, which might contribute to a baseline familiarity
across all proficiency levels. Lastly, students may have
explored Al topics, even if they do not consider them-
selves proficient.

The knowledge and awareness of dental students in Al
seem to be superficial. Usually there is low awareness of
Al in dentistry among both dentists and students [38].
Although 67.4% of participants declared they knew how
to use Al tools, 30% were unfamiliar with prompting con-
cepts or with dental Al tools (52.5%). This may be related
to the current social media hype regarding AL On social
media, Al content is often superficial and offered by
unreliable sources [39, 40]; still, that is students’ primary
source of information [41].

It seems that students have a basic understanding of
Al but lack in-depth knowledge of its dental applica-
tions. Similarly, most health students have a moderate
understanding of Al technologies (68%) and applications
(56%), but a higher understanding of daily life Al appli-
cations (85%) [2]. Most medical students were more
familiar with everyday life than with medical applications
[37] and aware of the use of Al in medicine (83%), but
only 39% were able to describe specific Al concepts [11].
The superficial awareness was also shown in Australian
and Pakistani students and professionals who could not
name a specific software and were unaware of Al applica-
tions [10, 42]. In the present study, students who scored
high in the knowledge questions were not necessarily
more familiar with dental AI applications, highlighting
that general Al literacy does not automatically translate
into specific domain application knowledge. It suggests
that dental education needs to focus not just on general
Al concepts but also on dental-specific applications and
tools.



Kavadella et al. BMC Medical Education (2026) 26:401

Confirming previous research, social media, self-
research, and peers served as main information sources
[8, 11, 17, 21] while dental courses trained only 11% of
students. Similarly, most medical students and train-
ees reported receiving no formal Al education [20, 21].
However, university education has the potential to sig-
nificantly enhance students’ Al and IT competencies.
The present study revealed that students who first learnt
about Al in formal education rated their IT knowledge
and skills more highly and demonstrated a better under-
standing of general and dental Al thus evidencing the
courses’ effectiveness in enhancing students’ confidence
and their understanding of Al concepts. Similar results
were observed also in medical students [20].

Perceptions and attitudes

The students’ perception of Al effects on healthcare
is inconsistent [43]. Students believed that AI would
improve clinical practice (70%) and the quality of patient
care (60%) but also lead to the dehumanization of health-
care (30%) and reduction of professional skills (40%).
Our dental students share the ongoing professionals
worry that Al may fall short addressing the human side
of patient care [8, 15], and view of Al integration in clini-
cal practice with cautious optimism [10]. Similar studies
revealed students’ optimism toward Al, acknowledging
its potential to improve clinical practice and support pro-
fessional growth [8, 15], and daily work activities [11, 20].

Particularly, students with higher factual knowledge
were more confident that AI would improve clinical
practice and patient care [20] and less concerned with
the reduction of skills or negative effects on the doctor-
patient relationship. It is believed that a better under-
standing may reduce misconceptions and foster trust
in AI as a supportive tool rather than a replacement for
humans [44, 45], supporting the argument for formal
AT education to build confidence, address anxieties, and
promote realistic expectations among future dental pro-
fessionals [46].

Our present observations match previous research
by confirming that the majority of students, viewed Al
as beneficial for diagnostic analysis [1, 8, 10, 21], but
only 20% perceived Al’s diagnostic ability as superior to
humans. Possible explanations for these differences could
be that either the students believe that Al will never
reach the level of humans, but they consider it a helpful
tool that can support the diagnosis, or they might think
that AI will surpass humans later, but it is just not at the
level yet.

About half of the students perceived Al as a benefit in
treatment planning and education, which may have con-
tributed to their optimistic expectations. In a different
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dental scenario, Al was recognized by 91% of students
as a valuable support tool for clinicians, with radiology
and implantology linked as the most suitable applica-
tion fields [10]. Clinicians largely (80%) believe AI will
enhance diagnostic workflows consistency [35], as do half
of the medical students [20].

At present, the integration of Al education in higher
education curricula remains insufficient [21, 26, 39]. It is
understood that limited availability of guidelines [12, 47]
and lack of Al-trained educators [14] contribute to it. The
lack of formal learning opportunities led most students
to feel unprepared to work with AI [18, 24]. Our study
corroborates the literature demonstrating that the cur-
rent Al education in the respondents’ dental schools is
insufficient, and that it should be part of the dental cur-
riculum [19, 20, 37].

On the other hand, students who felt that their den-
tal school had prepared them well for using AI demon-
strated a better understanding of Al (general and dental)
and knew how to use Al tools. It has been reported that
formal AI training leads to greater overall Al knowledge
and the perception of being better prepared fostering
positive attitudes and the intention to use AI [15, 18].

Based on the regression analysis, the profile of the stu-
dents who believe that AI education in undergraduate
studies should be mandatory describes 6-year students
with high factual knowledge, supporting the use of Al for
diagnostics, for dental practice management, and as edu-
cational tools. They have not learned about Al from peers
and do not agree with using Al for patient management.
This student profile may be attributed to their advanced
clinical exposure, which likely enhances their awareness
of Als relevance in diagnostics, education, and practice
management, and the will for formal training [23, 39].
Their reluctance to support Al for patient management
may reflect a critical understanding of AI’s limitations in
areas requiring human judgment and empathy.

Generative Al has already penetrated the academic
environment as 60% of students admitted using it in
their studies, formally or informally, therefore, the educa-
tors cannot but adapt [36]. It is no longer a problem to
write an essay on any topic (which might be why 40% of
students believe that generative Al tools undermine uni-
versity education), but emphasis now needs to be put
on critical thinking and the adequate use of information
sources. In contrast to most Pakistani medical students
(60%), only 27% of the dental students use ChatGPT as a
major search tool [36]; however, these students were sig-
nificantly more familiar with other AI tools, apparently
because they are more curious or engaged with emerging
technologies.
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Students don’t think LLMs would replace pre-clinical
dental educators (60%) validating the role of human edu-
cators. Similar perceptions are reported in studies, where
undergraduate students do not support the idea that Al
would replace dentists and doctors in the foreseeable
future [8, 11, 17, 21, 36].

Ethics

Half of the students were aware of the AI use ethi-
cal implications, and possible privacy violations. Simi-
larly, researches have shown that dental students’
principal concerns include insurance liability, accuracy
and responsibility for machine errors, data security, and
privacy issues [8, 10, 15]. Understanding and addressing
ethical concerns is essential to ensure the responsible
deployment of Al in healthcare in terms of patient safety,
privacy, and autonomy.

The reinforcement of ethical conduct is complex,
not only for medical professionals but also for Al-tools
developers. Students seem to realize that the use of Al in
health should be regulated by legislation. Al is developing
quickly, making it difficult for legislative procedures to
catch up; therefore, the legislature should at least oversee
the developers and ensure adequate validation of tools,
while ethical issues at the individual level will largely
remain a matter of personal responsibility. In fact, more
than half of the students declared that they are certain
that a healthcare professional bears full responsibility for
an error made by Al Interestingly, though not surpris-
ingly, when more choices were available in relation to an
Al error responsibility (in another question), half of the
students were not certain of the responsible stakeholder.
It is not unexpected that they seek to attribute respon-
sibility elsewhere. Indeed, as identified in the early days
of Al adoption in healthcare, when a patient experiences
significant adverse outcomes due to an inaccurate diag-
nosis or prediction, liability becomes complex and may
fall on any of several parties, such as the physician, the
hospital, the software company, the developer, or even
the individual who supplied the data [48]. In a recent
study, half of the students also believed that the dentist
should be responsible in case of AI misdiagnosis and 45%
attributed responsibility to the company that developed
the AI [8], while in another study, the percentages were
39% and 33% respectively [1]. We have also observed
that students with higher factual knowledge were more
uncertain about AI accountability and more concerned
about privacy violations in dentistry. Possibly due to
being more aware of its technical complexities and ethi-
cal challenges.

Educational needs assessment
The knowledge and education-related questions, com-
bined with students’ opinions and perceptions, offer

Page 11 of 15

valuable insights into students’ educational needs. Key
findings to inform this process include:

(a) Feeling better prepared by the dental school for using
Al=better understanding of general Al, dental Al
applications, and Al tools.

(b)Believing that Al education should be
mandatory = higher factual knowledge, and positive
perceptions about Al in clinical practice.

(c) Students exhibited superficial knowledge and
awareness in Al =no knowledge of Al dental
applications.

(d) Students knew specific products or Al applications
better than the theoretical background of AL

(e) Higher self-rated I'T proficiency and prompting
skills = better perception of Al and dental
applications.

(f) Higher factual Al knowledge = positive and realistic
perspectives regarding Al in education/practice, and
associated ethical concerns.

(g) Negative attitudes on Al = disagreement with
the mandatory Al education, belief that Al will
dehumanize healthcare, and will not benefit clinical
practice.

(h)Around 70% of students believed that being able
to evaluate and use Al tools would enhance their
clinical practice.

(i) Over 70% of students thought that Al dental
education should be based on case studies and
real-life scenarios, and Al ethics should be taught by
experts in various fields.

Students’ educational needs encompass basic IT and Al
literacy, dental applications and tools, critical evaluation,
cutting-edge skills (prompting and alternative informa-
tion retrieval), as well as education on ethical and legal
implications. An educational intervention address-
ing these needs was applied at a postgraduate module
on Al in radiography. Students enrolled in this module
explored a range of topics, including foundational con-
cepts in Al and data science, Al applications across vari-
ous radiographic imaging modalities, ethical principles
for responsible, transparent, and equitable AI use in
medical imaging, Al governance and regulatory frame-
works, technology acceptance and adoption by clinical
practitioners, the impact of Al on radiography work-
flows, and approaches to evaluating and validating Al
systems. Teaching was delivered through a combination
of lectures, industry-led interactive seminars, hands-on
workshops, and tutorials [49]. In the sonography profes-
sion, Al and ML fundamentals, impact on the profession,
and privacy, ethics, and legal aspects are suggestions for
the curriculum improvement [50]. In line with our find-
ings, Valikodath et al. proposed the components of a core
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AI curriculum on medical education in Ophthalmology,
including basic mathematics and statistics, fundamentals
of Al, machine learning, and deep learning, evaluation
of Al literature, clinical and surgical applications, ethics,
and medicolegal implications [51].

Although interest in Al medical education is increasing
among researchers and practitioners, the translation into
structured curricula has been limited [52]. Common cur-
ricular concepts mentioned in the studies reporting Al
medical curricula include fundamentals of Al, strengths
and limitations of Al, ethical and legal considerations,
clinical applications of Al systems, impact of Al on clini-
cal reasoning and decision-making, and critical appraisal
of Al systems [52].

As dental students’ background IT knowledge is vari-
able and their limited understanding of programming can
be a barrier [11], basic foundational training should be
offered to enhance the understanding of how Al systems
are designed [34, 48]. Addressing similar considerations
in higher education, an Al framework was suggested with
core Al competencies for non-computer science stu-
dents’ education [34]. This is an essential component for
developing, trusting, and critically evaluating Al outputs
within the complex realities of healthcare practice [13,
48]. Future healthcare professionals must understand the
basic principles of data science and Al for being compe-
tent in managing data, supervising Al tools, and using
applications wisely to provide the treatments for their
patients [48, 53]. Computer science and dental educators
must collaborate to achieve this task in a tailored way
without elaborating on technical details [10, 11].

Understanding and applying ethic concepts is a core
competency for responsible Al use [34]. This is particu-
larly important not only for future dental professional
practice, but also during the undergraduate studies, as
it underpins the safe and responsible use of Al-powered
applications.

Conceptual frameworks and competencies have been
proposed to address students’ educational needs and
promote Al education in undergraduate healthcare cur-
ricula. Medical students should receive training on data
science and machine learning, AI ethics and patient
safety, governance and regulation, and Al evaluation,
accompanied by hands-on experience, in addition to
being acquainted with Al diagnostic systems, robotics
and e-patients [13, 52, 54]. In dental education, compe-
tencies included computing and Al, data-related and
machine learning, human-AlI interaction, and responsible
use of digital systems [34, 55].

Based on students’ educational needs, as identi-
fied through the questionnaire results, a framework for
teaching AI in undergraduate dental education can be
proposed:
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Modules Topics Learning outcomes
1: Founda- - Basic computer literacy - Explain fundamental
tions of IT and software tools- Intro- Al concepts and their
and Al duction to Al concepts: relevance to healthcare:
machine learning, neural Understand how Al
networks, and data-driven  systems are structured and
systems trained: Recognize the role
of IT literacy in interacting
with Al systems
2: Al Ap- - Al'in dental imaging -Identify key Al applica-
plicationsin  and radiography- Al tools  tions in dental practice:
Dentistry for diagnosis, treatment Demonstrate the ability to
planning, and workflow use Al tools in simulated
optimization- Case studies  and real clinical scenarios-
of Al implementation in Critically evaluate the
dental clinics: Hands-on performance of Al applica-
training to Al-powered tions in dental imaging-
software tools Appreciate the potential
and limitations of Al'in
clinical decision-making
3: Critical - Methods for evaluating - Assess the validity and
Evalua- Al tools: accuracy, bias, reliability of Al tools- Apply
tion and transparency, and repro- critical thinking to evaluate
Evidence- ducibility- Critical appraisal ~ Al-driven research studies:
Based Use of scientific literature on Al Recognize sources of bias
in healthcare: Identification and limitations in Al ap-
of common pitfalls and plications- Make informed
biases in Al applications decisions about integrat-
ing Al into clinical practice
4:LLMsand - Prompting and alternative - Understand the principles

Generative Al

methods of Al informa-
tion retrieval- Exploring
emerging Al technologies
and their applications

in healthcare- Hands-on
exercises with Al chatbots,
generative models, and
decision support systems

behind LLMs and GenAl-
Apply effective prompting
strategies for information
retrieval- Critically evaluate
the reliability and limita-
tions of LLM-generated
output in healthcare con-
texts- Use LLMs responsi-
bly in clinical, educational,
and research contexts

5: Ethics, - Ethical principles in Al: - Identify ethical and legal
Regulation, fairness, accountability, issues related to Al in
and Respon-  transparency- Legal and dentistry- Apply ethical
sible AlUse  regulatory considerations  reasoning when using Al

for Al'in healthcare: Patient
privacy, data protection,
and consent- Integrating
ethical reasoning into
Al-supported clinical
decisions

tools in clinical practice-
Demonstrate awareness of
patient data privacy and
regulatory requirements:
Promote responsible, safe,
and transparent use of Al
in healthcare

This proposal aims to provide foundational suggestions

for curriculum designers to build upon, therefore the
educational framework would need to be tailored to the
specific student population, educational aims, regional
context, and pre-existing courses of each institution.
Integrating a new educational topic into an already
overcrowded curriculum is challenging, due to con-
straints on time allocation, the need to revise program
structures/objectives, and the development of new learn-
ing outcomes [5, 11, 48]. Al-focused courses can be
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implemented using a modular, scaffolded, and phased
strategy, gradually advancing each year with learning out-
comes evolving from theoretical understanding to prac-
tical application [13]. Al courses can initially be offered
as an elective and gradually incorporated into existing
courses such as Evidence-Based Dentistry, Patient Safety,
Governance and Regulation, or Medical Informatics [11,
13, 48]. The different sub-subjects of Al courses can be
taught by experts from various fields (computer science,
law, philosophy, mathematics, economics) using the mul-
tidisciplinary approach [10, 48, 56]. The teaching method-
ology should include a combination of lectures, specified
seminars, hands-on workshops, case studies, and collab-
orative activities with other departments [11, 13].

Limitations

In this study, the questionnaire was administered only in
English for feasibility and consistency across countries,
as English is a widely used academic language. While this
may have introduced language bias by favoring respon-
dents with higher proficiency, clear and simple wording
was used to minimize this. Future multinational studies
should consider validated translations and cross-cultural
adaptation to reduce such bias.

The use of web survey implies under-coverage bias, self-
selection bias, and response bias, as it requires an internet
connection, and at the end of the day, individuals selected
themselves for and self-report in the survey [10, 31, 36].

Also, the majority of responding students were from
Cyprus, apparently because the principal investiga-
tors were from this country, resulting in higher student
engagement, an issue that could skew the analysis. How-
ever, it is important to note that 70% of these students are
international, and thus bring diverse educational and cul-
tural backgrounds, perspectives, and opinions.

Additionally, a country/educator-specific response bias
may be inherent in this multinational study, given the
variation in teaching protocols across different educa-
tional systems.

The questionnaire used was not designed to specifically
identify learning modules or a comprehensive Al curric-
ulum; however, it offered valuable insights into students’
perceptions, knowledge, and educational needs, which
can contribute to Al curriculum development. A more
focused questionnaire designed specifically for educa-
tional purposes would offer the opportunity to inform
educational stakeholders about the development of such
a curriculum more accurately and comprehensively.

The survey used in this exploratory research was metic-
ulously constructed using questions adapted from previ-
ously validated surveys. However, while individual items
have a basis in established research, the overall inter-
nal consistency, construct validity, and reliability of this
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specific composite questionnaire, as a novel instrument
within this study, have not been empirically established.
We understand that future studies should address the
psychometric properties of this instrument, including
analyses of internal consistency and factorial structure.
The diverse nature of the partners also presented chal-
lenges for a comprehensive analysis in this initial phase.
Consequently, the findings regarding the measured data
should be interpreted with this consideration in mind.

Conclusions

The multinational survey revealed a complex and varied
landscape of dental students’ knowledge and perceptions.
Students stated a basic understanding of AI but lacked
in-depth knowledge of its dental applications. Formal Al
training was minimal, but students believed that Al tools
would enhance clinical practice and improve patient care.
Students recognized that Al education should be manda-
tory and they had used Gen Al tools during their stud-
ies. A significant proportion of students believed that Al
would cause a reduction in health professionals’ skills and
dehumanize healthcare; however, they did not think that
LLMs could replace educators. Most of the students were
concerned about the ethical implications of Al. Students
with higher factual AI knowledge and those who were
supportive of mandatory undergraduate AI education
held more balanced and realistic views on Al potential.
Results of the study indicate that integrating Al into den-
tal education is crucial for equipping future professionals
with the basic knowledge and skills needed to work ethi-
cally in the technology-driven healthcare system.
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