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What was already known about this topic?
o Artificial intelligence can revolutionize healthcare, reduce diagnostic and treatment errors, and improve patients' quality
of life.
e Compromising the confidentiality and security of health data, damaging the patient-physician relationship, and
physician unemployment are the major concerns of students regarding artificial intelligence applications in healthcare.

What this study added to our knowledge?

e Medical students’ awareness regarding artificial intelligence is low, and most of their information is obtained through
seminars, congresses, and the internet.

e Medical students’ attitude towards artificial intelligence is positive, and they believe that Al facilitates physicians'
access to information and can help them become better physicians.

o Medical students are concerned about the decline in the value of the medical profession due to artificial intelligence,
and this concern affects their specialty choices at the residency and fellowship levels.

o Artificial intelligence training should be integrated into the curriculum and extracurricular programs of medical
education.
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Extended Abstract

Introduction

Artificial intelligence (Al) is regarded as the most
revolutionary technology of the 21st century [1].
This technology is now being used in healthcare and
has the potential to transform healthcare [2]. A study
published in the Nature revealed that Al outperforms
radiologists in detecting breast cancer through
mammography [3]. Studies indicate that Al can help
reduce diagnostic and treatment errors [4], alleviate
staff workload, lower costs, and improve patients'
quality of life [1]. However, while transformation
brings broad benefits and advantages, it is rarely
without side effects. Concerns and challenges also
exist in the field of artificial intelligence, including
threats to the confidentiality and security of health
data, the deterioration of patient-doctor
relationships, and an increase in physician
unemployment rates [1,5,6]. Therefore, medical
professionals,  especially  physicians, should
leverage the advantages of artificial intelligence to
adopt appropriate approaches in response to its
challenges and risks [7]. However, evidence
indicates that the current medical education system
does not prepare future physicians for the Al
revolution in healthcare [8] and updating medical
curricula to include Al related topics and its
applications in healthcare is essential [6,9,10].
Consequently, the World Medical Association and
the Standing Committee of European Physicians
advocate for the revision of medical curricula and
incorporating Al into medical education, residency
training, and continuous medical education
programs [6].

To develop effective artificial intelligence
curriculum, examining medical students' attitudes
and perceptions regarding the role of Al in medicine,
along with its benefits and risks, is the first important
step [11]. Accordingly, studies have been conducted
in countries such as the United States [12-14], the
United Kingdom [15], Australia [16], Turkey [6],
Iraq [17], Lebanon [18,19], Taiwan [20], Saudi
Arabia [21], Egypt [22], Palestine [23], and others.
In Iran, two studies have been conducted to assess
the awareness, readiness, and attitudes of medical
students at Babol, and Mazandaran University of
Medical Sciences towards Al, which indicate a
generally positive attitude. These studies have
emphasized the importance of Al education [24,25].
However, an educational needs assessment from
students' perspectives has not been the objective of
these studies. Therefore, this study was conducted to
address this knowledge gap, aiming to examine the
attitudes of medical students at Mashhad University
of Medical Sciences (MUMS) towards Al and assess
their educational needs. This study will aid in the
development and updating of medical curricula and
training programs aligned with advancements in

artificial intelligence.

Methods

Study design: This cross-sectional and
descriptive-analytical study was conducted at
Mashhad University of Medical Sciences (MUMS)
in 2024.

Study population and sample: The study
population included all medical students at MUMS,
including those in general and specialty (residency)
programs. The inclusion criteria required
participants to be enrolled in general or specialty
medical programs at MUMS during the academic
year 2023-2024. Students were excluded from the
study if they were unwilling to participate, did not
consent, or incompletely completed the
questionnaire.

The students were selected through a convenience
sampling method, and the sample size was
calculated based on Morgan's table, indicating that a
sample of 246 individuals was appropriate given the
overall population of 3,438.

Data collection instrument: To collect data, the
standard questionnaire developed by Civaner et al.
[6] was applied. This questionnaire was first
independently translated into Persian by two
proficient translators, whose translations were then
reconciled. The final translation was subsequently
retranslated into English by an independent
translator, who verified it against the original
version to ensure consistency and accuracy.

The initial questionnaire was subsequently
distributed to expert professors and specialists in the
fields of medicine, medical education, medical
informatics, health services management, and health
policy. They were asked to provide their written
opinions regarding content coverage, grammar
adherence, appropriate phrasing, and suitable
arrangment of items. Through this process, the face
and content validity of the questionnaire were
confirmed. To verify its reliability, a test-retest was
conducted on 30 individuals from the target
population with a two-week interval. The Intraclass
Correlation Coefficient (ICC) was 0.82 (95% CI:
0.75- 0.88). To assure Internet consistency,
Cronbach's alpha coefficient was used, resulting in
0.84, indicating the good reliability of the
questionnaire.

The final questionnaire consisted of five sections.
The first section introduced the research and its
objectives; the second section covered demographic
information; the third section assessed students’
educational experiences in artificial intelligence
(one item) and their self-assessment of Al awareness
(one item); the fourth section evaluated students’
attitudes towards the potential impacts of artificial
intelligence (18 items); the fifth section collected
opinions on Al- related topics perceived necessary
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in medical education (16 items). The questionnaire
ended with optional fileds for participants’ email
addresses, and their suggestions and comments.

The items related to the evaluation of attitudes
were scored based on a 5-point Likert scale (ranging
from strongly disagree to strongly agree). To report
the attitude as a percentage, the scores were
calculated out of 100.The needs assessment of
educational topics was quantified using a 5-point
Likert scale (ranging from not be included at all to
must be included).

Data collection procedure: The final
questionnaire was created using Google Forms and
distributed to students through social media
networks as well as university email system.
Additionally, to reach the minimum sample size
(246 people), two members of the research team
visited the Faculty of Medicine and teaching
hospitals, directly providing the questionnaires to
students. To prevent students from completing
duplicate questionnaires, they were informed when
the questionnaire was delivered, the study objectives
were explained to them, and they were asked to
inform the team if they had already completed it. For
electronically completed questionnaires, system
information (IP address) through which the data was

submitted was checked. Data collection took place
from June to October 2024, with necessary
notifications made to ensure maximum participation
from students, while addressing any questions or
ambiguities regarding the completion process. It was
also ensured that the questionnaire was anonymous
and that participants' information would remain
confidential.

Data analysis: For data analysis, measures of
central tendency and dispersion such as mean,
standard deviation, frequency, and percentage were
reported. Given the normality of the data, an
independent t-test was employed to examine
attitudes for two-level variables (such as gender),
and one-way ANOVA was used for variables with
more than two levels (such as academic year). All
statistical analyses were conducted at a significance
level of 0.05 using SPSS version 26.

Results

Demographic characteristics: The
questionnaire was administered to 251 medical
students, the majority of whom were male (69%),
under 25 years of age (76%), and enrolled in general
medicine (93%). Further demographic details can be
found in Table 1.

Table 1. Demographic characteristics of the medical students surveyed in the study (n = 251)

Variable Frequency Percentage
Age (years) <25 192 76
>25 59 24
Gender Male 173 69
Female 78 31
Nationality Iranian 240 96
Non-Iranian 11 4
Educational level General 233 93
Specialized 18 7
Year of Study 1st 18 7
2nd 29 12
3rd 18 7
4th 65 26
5th 60 24
6th 28 11
> 7th 33 13

Source of Al awareness and perceptions: Most
students (76%) reported that they have received no
training in artificial intelligence. Other students
cited seminars and conferences as their primary

sources of education. Ninety-four percent of
students rated their awareness level as low or very
low (Table 2).

Table 2. Source and level of awareness of participants regarding Al

Variables Frequency  Percentage
Source of No education 192 76
awareness Optional course 14 6
Seminar or conference 22 9
Obligational course 0 0
Online 18 7
Other 5 2
Level of awareness | have not heard anything about Al. 8 3
| have heard about Al, but I do not know what it is. 47 19
Low knowledge 181 72
Full knowledge 14 6
Professional knowledge 1 0
42
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Students’ attitudes towards the possible
impacts of artificial intelligence on medicine:
Most students had a positive attitude towards
artificial intelligence (72.84£8.7 out of 100). The
attitude scores between the students in general and

specialty programs were statistically significant
(P=0.002). However, no significant differences were
observed between female and male students, those
under 25 years old and over 25 years old, or Iranian
and non-Iranian students (Table 3).

Table 3. The association of characteristics of participants with the attitude scores related to Al

Variables Mean + SD Result
Age <25 72.73+£8.77 t'=-0.44
>25 73.31+£8.94 P=0.660
Gender Male 72.15+8.92 t=-1.94
Female 74.47+8.34 P=0.053
Nationality Iranian 73.03+8.46 t=0.851
Non-Iranian 69.29+14.47 P=0.414
Educational level General 72.40+8.46 t=-3.094
Specialty 78.95+10.90 P=0.002
Year of study 1st 70.06+8.40 F™=1.09
2nd 73.48+10.70 P=0.369
3rd 73.88+6.89
4th 71.77£10.24
5th 72.33+7.49
6th 75.23+7.44
>Tth 74.44+8.79
Source of awareness No education 72.14+9.01 F=2.58
Optional course 75.15+6.35 P=0.054
Seminar or conference 75.15+9.11
Obligational course -
Online 77.46+4.32

* Two-Independent Samples T-test
** One-Way ANOVA

The majority of students (65%) believed that Al
would influence their choice of specialty or
subspecialty programs. A vast majority of
respondents (94.4%) believed that Al would

facilitate physicians’ access to information.
However, 73.7% stated that Al diminished the value
of the medical profession (Table 4).

Table 4. Items of the questionnaire with the most agreement (>70%) and disagreement (> 50%)

Items Disagree Notsure Agree
Al facilitates physicians’ access to information. 3.2 24 94.4
Al enables physicians to make more accurate decisions. 4.4 6.8 88.8
I think that with the widespread use of Al applications, | will become a better doctor. 2.4 10 87.6
Artificial intelligence cannot replace a doctor, but it can assist them. 8.4 5.2 86.5
Artificial intelligence facilitates patient education. 2.8 13.1 84.1
Al facilitates patients’ access to the services. 8.4 8.4 83.3
Al reduces errors in healthcare provision (such as medical errors). 10.8 9.6 79.7
Al devalues the medical profession. 14.3 12 73.7
Al damages patient- physician trust. 52.2 24.7 23.1
I think 1 am currently qualified enough to inform patients about the limitations and risks ~ 53.8 275 18.7

of Al programs and applications.

"Strongly disagree" and "Disagree" have been merged into "Disagree” and "Agree" and "Strongly agree" have been merged into "Agree".

Students’ educational needs regarding Al:
Knowledge and skills related to artificial
intelligence applications received the highest
priority among participating students (91.2%). Al in
scientific research (89.2%) and Al applications for

reducing medical errors (88.8%) were the next
highest priorities for students. Figure 1 shows the
topics with that more than 70% agreement among
students.
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Training to prevent and solve ethical problems that may arise with Al...
Applications for increasing patient’s compliance with treatment
Applications for increasing patient’s control over their own health
Al applications for assisting clinical decision-making
Preventive health mobile applications
Al- assisted risk analysis for diseases
Al applications to reduce medical errors
Al in scientific research

Knowledge and skills related to Al applications

m Included (%)

0 10 20 30 40 50 60 70 80 90 100

= Not sure (%) Not included (%)

Figure 1. Most favorable Al-related topics to be included in medical education "Definitely should be included" and "It
would be good to include it" have been merged into "Included" and "Should not be included" and “Not to be included at all" have been merged

into "Not included".

Discussion

This study examined the awareness and attitudes
of medical students at Mashhad University of
Medical Sciences regarding artificial intelligence
and its potential impact on medicine. Additionally,
an educational needs assessment regarding Al was
conducted.

Students’ awareness of Al: A significant portion
of the students (94%) reported having a low level of
awareness. Similarly, a systematic review by
Mousavi Baigi et al. [26] concluded that most
healthcare students possess limited knowledge and
skills related to Al. These findings are consistent
with an international study by Chen et al. [27] which
indicated that more than half of medical students
lack basic knowledge of Al. Therefore, it seems that
the level of awareness of medical students regarding
Al is low. This issue can be attributed to the greater
focus of the medical curricula and education on
clinical knowledge and skills, which prevent
students from finding the necessary opportunities to
acquire knowledge and skills in other areas.

Sources of awareness related to Al: A
significant portion of the students (76%) reported
that they had not undergone any training related to
Al. This result somewhat aligns with the findings of
the Allam et al [28] which showed that more than
92% of medical students in Arab countries had no
formal training in Al In the current research,
students who had received training in Al primarily
cited seminars and conferences (9%), online
education (7%), and optional courses (6%) as their
main sources of information. A US study conducted
in 2021 found that the majority of participants (72%)
had gained awareness about Al through media and
social networks [13]. However, Park et al. [8]

cautioned against passive acquisition of information
about artificial intelligence from media and the
Internet and emphasized the need to empower
medical students to distinguish correct information
from advertisements and false news. In conclusion,
considering the limited awareness, knowledge, and
skills of medical students in Al, along with
insufficient formal training, and the presence of false
news and misinformation in media and the internet,
medical schools and universities should play a more
active role in educating students about this emerging
technology to ensure that future physicians
effectively utilize it in diagnosis, treatment, and
disease management.

Students’ attitude towards Al: 72.5% of
students had a positive attitude towards artificial
intelligence. This finding is consistent with other
studies; for example, a review study by Amiri et al.
[29] showed that 65% of students had a positive
attitude towards artificial intelligence. In a study
conducted in Sudan, nearly 80% of medical students
believed that artificial intelligence was essential in
medicine [30]. These findings contrast with the
results Allam et al. study [22], in Egypt, which
reported that most students held negative views
about Al and expressed concerns regarding its
clinical applications.

The majority of participating students in our study
(88.8%) believed that Al would facilitate physicians'
access to information. This aspect was also
identified as one of the main benefits of Al by
medical students in the study by Civaner et al. [6].
Additionally, students believed that Al enables
doctors to make more accurate decisions and
reduces errors, which was also mentioned as an
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advantage of Al in medicine in the study by
Derakhshanian et al. [31].

Most students (65%) thought that Al makes an
impact on their choice of specialty for their
residency and fellowship. A study conducted in the
United States also showed that Al impacts on some
specialties, such as radiology, and their job market
is a major concern for students [14]. In contrast, two
studies carried out in Lebanon and Turkey found that
less than 30% of participating students stated that
their choice of specialty would be influenced by how
Al is used in that field [6,18]. Therefore, given the
emergence of Al technology and its influence on
certain specialties and the relatively high concern
among lranian students, it is necessary to formulate
appropriate policies and plans that promote justice
in training, distribution, and access to specialists in
various fields.

Risks and limitations of Al from medical
students’ viewpoint: The majority of students
(86.5%) believed that Al cannot replace physicians
but can assist them. This finding aligns with other
studies. For example, the international study by
Bisdas et al. [9] indicates that most medical students
consider artificial intelligence as a partner rather
than a competitor. Santos et al. [32] also showed
that, contrary to some media narratives, most
medical students view Al as a tool that can help them
rather than replace them. In our study, more than half
(52%) of the students mentioned that the disruption
of the patient-physician relationship is one of the
side effects of Al in medicine. This issue has also
been identified as a major challenge in other studies
[6,33]. Therefore, measures should be implemented
to ensure that Al is regarded as an opportunity to
strengthen the patient-physician relationship and
enhance their interaction.

Curriculum restructuring in response to Al
advancements: This study demonstrated that
“knowledge and skills about Al applications” was
regarded as the highest educational priority (91.2%).
This aligns with Civaner et al. study [6], where the
abovementioned topic was considered the most
important by 96.2% of the students. The use of
artificial intelligence in scientific research (89.2%)
and Al applications to reduce medical errors
(88.8%) were the next two priorities for students. In
a systematic review study conducted by Pupic et al.
[34], topics such as knowledge and skills related to
Al, ethical issues, and the use of artificial
intelligence in clinical decision-making were
considered important educational topics that partly
align with our findings. The similarities and
differences between the findings of these studies can
be attributed to the questionnaires used and
variations in the knowledge levels of the students
due to contextual differences across countries.
Consequently, the findings of this study suggest that
medical students in Iran require education in the

technical, practical, and ethical dimensions of Al to
achieve a thorough understanding and effectively
utilize Al tools for disease prevention, diagnosis,
and treatment while appropriately addressing patient
concerns.

Limitations

Although this study was conducted at a major
university, it was a single-center study. Therefore,
its findings may not be generalizable to other
medical universities. It is suggested that similar
studies should be conducted at other universities,
gatherering feedback from medical students,
healthcare professionals, and educational experts to
evaluate and enhance medical curricula. Since the
participants completed the questionnaire voluntarily
and with personal consent, it is possible that the
responses were more likely to be provided by
students interested in Al.

Conclusion

Despite  their limited understanding and
insufficient training in Al, medical students have a
positive attitude regarding Al. As future healthcare
professionals, they need to address concerns,
uncertainties, and inquiries from patients and the
public regarding Al in medicine effectively.
Students express a strong desire to expand their
understanding of Al; however, they face the
challenge of misinformation about Al circulating in
media and social networks. Therefore, integrating
Al topics into both curricular and extracurricular
activities is essential. This can be achieved by
offering optional courses focused on artificial
intelligence as well as informal training
opportunities such as conferences, seminars, and
congresses. To educate students effectively, it is
important to utilize multidisciplinary training teams
that include clinical experts, computer scientists,
medical informatics specialists, engineers, and other
related professionals.
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