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Abstract

Background The current applications of artificial intelligence (Al) in medicine continue to attract the attention of
medical students. This study aimed to identify undergraduate medical students'attitudes toward Al in medicine,
explore present Al-related training opportunities, investigate the need for Al inclusion in medical curricula, and
determine preferred methods for teaching Al curricula.

Methods This study uses a mixed-method cross-sectional design, including a quantitative study and a qualitative
study, targeting Palestinian undergraduate medical students in the academic year 2022-2023. In the quantitative
part, we recruited a convenience sample of undergraduate medical students from universities in Palestine from June
15,2022, to May 30, 2023. We collected data by using an online, well-structured, and self-administered questionnaire
with 49 items. In the qualitative part, 15 undergraduate medical students were interviewed by trained researchers.
Descriptive statistics and an inductive content analysis approach were used to analyze quantitative and qualitative
data, respectively.

Results From a total of 371 invitations sent, 362 responses were received (response rate =97.5%), and 349 were
included in the analysis. The mean age of participants was 20.38+ 1.97, with 40.11% (140) in their second year of
medical school. Most participants (268, 76.79%) did not receive formal education on Al before or during medical
study. About two-thirds of students strongly agreed or agreed that Al would become common in the future (67.9%,
237) and would revolutionize medical fields (68.7%, 240). Participants stated that they had not previously acquired
training in the use of Al in medicine during formal medical education (260, 74.5%), confirming a dire need to include
Al training in medical curricula (247, 70.8%). Most participants (264, 75.7%) think that learning opportunities for Al

in medicine have not been adequate; therefore, it is very important to study more about employing Al in medicine
(228, 65.3%). Male students (3.15+0.87) had higher perception scores than female students (2.81+0.86) (p <0.001).
The main themes that resulted from the qualitative analysis of the interview questions were an absence of Al learning
opportunities, the necessity of including Al in medical curricula, optimism towards the future of Al in medicine, and
expected challenges related to Al in medical fields.
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Conclusion Medical students lack access to educational opportunities for Al in medicine; therefore, Al should be

included in formal medical curricula in Palestine.

Keywords Artificial intelligence, Medical students, Medical education, Machine learning, Perceptions, Cross-sectional

study, Palestine

Introduction

The health systems in the world have undergone
major changes with the incorporation of technological
advances, particularly in the post-COVID-19 pandemic
era [1]. Artificial intelligence (AI) has attracted the inter-
est of specialists and professionals in medicine in recent
years because of its extensive medical applications [2].
AT has the potential to be a helpful medical tool in diag-
nostics and clinical decision-making due to its excellent
capacity to integrate vast volumes of clinical data [3, 4].
AT applications in medicine have the potential to support
a variety of tasks such as clinical research [5], therapy [6],
administrative procedures [7], and drug development [8]
due to their capacity to learn from large sets of clinical
data.

Globally, numerous countries have begun implement-
ing Al to enhance the effectiveness of their healthcare
system delivery [9]. Many clinicians and specialists in the
medical field are expecting the use of Al, machine learn-
ing (ML), neural networks (NN), and deep learning (DL)
in diagnostics, prognostics, and treatment [10—14]. How-
ever, as the adoption of Al systems spreads in the medi-
cal sector, issues concerning the ethical ramifications of
employing this technology become increasingly impor-
tant [15, 16]. As evidenced by the COVID-19 pandemic,
AT has an impact on medical education where it provides
medical students with an interactive learning environ-
ment and creates virtual simulations and training, allow-
ing them to practice complicated procedures on virtual
patients without endangering actual patients [17-20].
However, due to a lack of teachers qualified in Al, the
expensive cost of Al software, and ethical issues, many
educational institutions struggle to effectively integrate
Al into their teaching practices [21, 22]. The introduction
of ChatGPT-4, a new Al-driven language model, revealed
its potential for helping students understand difficult sci-
entific lessons, but it also highlighted ethical issues [23].

With Al applications poised to have a significant influ-
ence on medical practices, attention is being drawn to
how the medical workforce can be ready for this transi-
tion and, thus, to investigating the perceptions of medi-
cal and healthcare professionals, or medical students
[24—-34]. Many studies investigated the knowledge, per-
ception, and attitudes of AI for medical and healthcare
professionals or medical students in countries such as
the Republic of Korea [24], Germany [25, 26], the UK [27,
28], Canada [29], the USA [30], Pakistan [31], Australia
and New Zealand [32], Malaysia [33], Turkey [34], Saudi

Arabia [35], Egypt [36], Syria [37], the United Arab Emir-
ate [38], and Kuwait [39].

An evident knowledge gap is present in this field in
Palestine, which must be addressed due to the inevitable
future increase in Al use in the medical field. It is impor-
tant to understand the attitudes and behaviors of medi-
cal students as end users of Al applications in the future
to integrate Al into medicine and medical education.
Additionally, evaluating students’ perceptions of Al is
essential to determining whether additional training may
later be needed, given that they will constantly interact
with patients and use technology. However, based on our
knowledge, there are no recent studies investigating the
perceptions of Palestinian medical students about the
integration of AI in medical education. Therefore, this
study aims to identify undergraduate medical students’
attitudes toward Al in medicine, explore present AI-
related training opportunities, investigate the need for Al
inclusion in medical curricula, and determine preferred
methods for teaching AI curricula. The findings will help
in making decisions about medical AI implementation
and the development of medical curricula in the future.

Methods

Study design

This study was prepared according to the Checklist for
Reporting of Survey Studies (CROSS) (Supplementary
File 1). This descriptive, cross-sectional, mixed-methods,
questionnaire-based study was conducted in the West
Bank and Gaza Strip, Palestine, between June 15, 2022,
and May 30, 2023. A mixed-methods design was selected
to allow researchers to gather data from a large sample
size using a survey while also providing a more compre-
hensive investigation and a narrative context through
interviews. Interviews are considered helpful tools in
examining institutionally specific potential or limitations
that the survey cannot determine, given how different
medical curricula might be across universities. The tar-
get population was undergraduate medical students who
enrolled in the faculty of medicine at a private or public
university in Palestine in the academic year 2022-2023.

Phase one: quantitative study

The questionnaire

We developed the questionnaire dimensions and ques-
tions from the survey designed by Pucchio et al. [40],
who validated the survey through a study of the literature
and discussions with medical professionals and health
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experts. The changes in relation to participants’ charac-
teristics and Al questions were drawn from published
articles and literature reviews [41, 42]. We modified the
items and questions extracted from previous studies to fit
the Palestinian medical students. The questionnaire was
applied in English, which is the language of medical edu-
cation in Palestine.

The questionnaire was divided into five sections
(Supplementary File 2) with 49 questions. The first sec-
tion consisted of screening questions to exclude partici-
pants who did not match the requirements for inclusion
(4 questions). The second section included questions
regarding demographic characteristics (7 questions). The
third and fourth sections inquired the study participants
about their knowledge of Al in daily life (6 questions)
and medicine (19 questions), respectively. The final sec-
tion asked participants about their preferred learning
methods for Al as well as their educational opportunities
about Al during their medical education or training (13
questions). The Cronbach’s alpha coefficient was found to
be 0.891, indicating high internal consistency.

Pilot study

The questionnaire was piloted before distribution to
test the viability of the questions, clarify misunderstood
sentences, identify any unclear questions, and test the
accessibility of online forms. Taking the sample size into
consideration, the estimation was done using the proba-
bility equation and confidence interval. Viechtbauer et al.
[43] provided a good strategy for choosing a sample size
for a pilot study that ensures high confidence in detecting
potential difficulties. The confidence level for our calcula-
tions is set at 95%, which corresponds to a significance
level of 5%. The equation for sample size sampling is
Eq. (1), as follows:

n=In(1—y)/In(1-m) (1)

where.
n=sample size.
n=Problem probability or significance level =0.05.
y=Level of confidence=0.95.

Page 3 of 19

To ensure that the problem was identified with a high
degree of confidence, n=In (1-0.95)/In (1-0.05)=58.40, or
59 participants, had to be included in the pilot study. The
pilot study was conducted separately, and the findings
were not used in the current study. Following the com-
pletion of the pilot study, the survey was administered to
undergraduate medical students in Palestine.

Sample size calculation
We recruited the study participants by a nonprobabil-
ity convenience sampling among medical students who
study at Palestinian universities. In convenience sam-
pling, the participants are selected based on availability
and willingness to take part and this is suitable to the
study (Wang and Cheng, 2020). Based on a 5% mar-
gin of error, a 95% confidence level, and a 50% outcome
response, the estimated sample size was 371 students,
where the population was 10,361 students (Table 1). This
sample size is believed to be adequate for the study’s tar-
get population. The researchers invited 371 undergradu-
ate medical students to complete the questionnaire. All
undergraduate medical students are studying in private
or public universities, which are supervised by the Pales-
tinian Ministry of Education.

The criteria for selecting the participants were as
follows:

1. Students who are currently enrolled in the faculty
of medicine at a private or public university in
Palestine.

2. Undergraduate medical students in any year of study.

3. Medical students who have temporarily stopped
studying medicine (postponement of studies due to
economic, social, or health conditions).

4. Undergraduate students who transferred from the
faculty of medicine to other faculties (such as the
Faculty of Science, Health Sciences, Pharmacy, or
Nurse) and studied for at least one year in the faculty
of medicine.

5. Students of Palestinian nationality.

Students residing in Palestine (the West Bank or

Gaza Strip).

o

Table 1 Distribution of undergraduate medical students by universities in Palestine

University New students Enrolled students Total
Al-Azhar University 465 1258 1723
Islamic University of Gaza 230 964 1194
Hebron University 155 478 633
Palestine Polytechnic University 227 725 952
Al-Quds University 619 2056 2675
An-Najah National University 746 1911 2657
The Arab American University 162 365 527
Total 2604 7757 10,361

(Source: Palestinian Ministry of Higher Education, https://www.mohe.pna.ps/services/statistics)
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Criteria for excluding participants:

1. Medical students who graduated from the university
and finished their medical studies.

2. Medical students who left their studies.

3. Undergraduate students who transferred from the
faculty of medicine to other faculties (such as the
Faculty of Science, Health Sciences, Pharmacy, or
Nurse) and studied only one semester in the faculty
of medicine.

Questionnaire distribution

The participants were informed about the inclusion cri-
teria, which were written on the title page of the ques-
tionnaire. To ensure participant privacy, all responses
were anonymously collected. Emails and phone num-
bers were only collected for later contact with partici-
pants who agreed to participate in the interview part of
the study. We used Google Forms to create an electronic
questionnaire version. Participation was completely vol-
untary, and no rewards or incentives were provided for
participation. After getting informed consent from the
students, they were asked to answer the following ques-
tion: “Are you willing to participate in this study?”. If the
participants selected “yes,” they were given access to the
questionnaire.

The invitations to participate and the questionnaire
were sent to medical students’ accounts on medical pri-
vate groups with the help of colleagues, professors, and
academic staff databases. To ensure that only medical
students fill out the questionnaire, we sent the link to
medical groups (Facebook, WhatsApp, and Telegram),
which has been created by the faculty members. These
groups have been created to contact students concerning
sending, receiving, uploading, and downloading medi-
cal materials and advertising any scientific events. These
groups included only medical students who registered in
a specific course (molecular biology, physiology, para-
sitology), and the administrators in these groups only
accepted students after confirming the presence of their
name on the registered list. The invitation link included
inclusion criteria, a brief background, information on the
study’s protocols, goals, voluntary participation, assur-
ances of anonymity and confidentiality, and a link to the
questionnaire.

We prevented duplication of respondents by email
address. We did not allow access to the questionnaire
without an email address, so the participants had only
one access to fill out the questionnaire. Also, the stat-
istician checked out the email address list to ensure
that there were no duplicate responses from the same
participant.
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To conduct the interviews, the researchers contacted
a representative random sample of medical students
who answered “yes” to the question, “Would you like to
participate in an interview that will be conducted by the
researchers?”.

Phase two: qualitative study

Sampling method and interview setting

A group of participants underwent follow-up interviews
to gain further information about educational opportuni-
ties regarding Al that were not covered in the question-
naire. Purposive sampling was carried out at this stage.
The interviews were conducted in compliance with the
standards for reporting qualitative research set by the
Consolidated Criteria for Reporting Qualitative Research
(COREQ) [44]. Participants who were willing to partici-
pate in the second stage of the study were invited to the
interview, which was conducted by two trained research-
ers. The interviews were conducted via Google Meet for
5-20 min. The interview consisted of a set of predeter-
mined, open-ended questions covering their attitudes
towards Al as well as their opinions on getting an Al
education during their study or training (Supplementary
File 3). The questions from the interviews were extracted
from a previous survey [40]. The interview questions
aimed to provide information for upcoming studies
and the creation of medical curricula about Al in medi-
cine. During the interview, the researcher recorded the
responses for analysis.

Designed interview protocol

The interviews were conducted by trained researchers
(ER and AR). The objectives of the study were explained
at the beginning of each interview, and verbal consent
was obtained from each participant. The participants
were provided with essential background information.
There were no extra questions asked after the interviews,
no additional information was given by the interview-
ers, and no other questions were requested subsequently.
Only the interviewers and the interviewee were present
for the interview. Other individuals were not allowed
to attend the interview with the participant to ensure
the privacy and confidentiality of the response. Before
recording the responses, permission for recording was
requested by the researcher.

In the current study, fifteen undergraduate medical
students were included in the interviews. Females consti-
tuted 60.0% (9) of the total interviewed participants. Four
participants were in their first year of medical school, six
were in their second year, one was in their third year, and
four were in their fifth year. The objectives of the study
were all well understood by the participants.
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Data collection

Data was gathered using individual, in-depth interviews.
The research team analyzed the study questions and
methods for collecting reliable data before starting the
interviews. During the interviews, the required data were
recorded through note-taking. The collection of data was
continued until it reached saturation and no new topics
started in the interviews.

Statistical analysis

The data were analyzed in R-Cran version 4.3.0. Descrip-
tive statistics and inductive thematic analysis were used
to analyze quantitative and qualitative data, respectively.
Data are presented as means and standard deviations
(SD) for normally distributed continuous variables; as
medians and interquartile ranges (IQR) for non-normally
distributed numeric variables; and as n (%) for categori-
cal data. Mann-Whitney U or Kruskal-Wallis H tests
were used to verify differences in the variables based on
demographic differences. Pvalues<0.05 were considered
statistically significant. According to the Likert scale, the
frequency of pertinent responses and the proportion
of participants who agreed or disagreed with each item
were reported. The data was excluded from participants
who did not meet the required answers in the screening
questions or did not respond to all questions of the ques-
tionnaire. Internal consistency was determined using
Cronbach’s alpha. The Ggplot package (version 3.4.2) on
R-Cran version 4.3.0 was used to design a stacked bar
plot of Likert scale data.

To investigate the experiences of medical students with
Al in medicine and their potential need for Al in medi-
cal education, a qualitative inductive content analysis
approach was used to examine the text transcriptions
for each sentence separately. We carefully read text tran-
scriptions line by line and then coded for each incident
by detecting participants’ exact words without interpre-
tations. All responses were initially coded inductively for
the main themes. The next step was to sort codes accord-
ing to similar meanings and identify the clustering of
codes, which formed subthemes. The subthemes were
sorted according to similar meanings and named to fit
the cluster. These procedures have been achieved manu-
ally. To verify the rigor of this study, we used Lincoln
and Gube’s [45] criteria for confirmability, credibility,
dependability, and transferability. There were no missing
data.

Ethics approval

The present study was conducted according to the
guidelines of the Declaration of Helsinki and approved
by the Ethics Committee of the Faculty of Science of
the Palestine Technical University, Kadoorie, Hebron,
Palestine (App. ID 10-2022). All participants provided
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informed consent to participate before completing the
questionnaire.

Results

Demographic characteristics

From a total of 371 invitations sent, 362 responses were
received (response rate=97.5%), and 349 were included
in the analysis (Fig. 1). Thirteen participants have been
excluded from the analysis due to their incomplete
responses (partially completed survey). Most of the stu-
dents (251, 71.92%) were females, and only 28.08% (98)
were males. The majority of participants (247, 70.77%)
were from the West Bank, with only 29.23% (102) living
in the Gaza Strip. Approximately 65.4% (229) of partici-
pants were in the age range of 18 to 20 years, and 40.11%
(140) were in the second medical school year (M2). In
addition, 115 (32.95%) participants confirm that they
have a good background in computer science, math-
ematics, or statistics. 131 (37.54%) participants reported
that they have good experience with technology and
have acquired a high degree of technological literacy.
Only 89 (25.50%) participants reported having a family
member with a degree in Al-related majors. The major-
ity of participants were studying medicine at An-Najah
National University (85, 24.36%), followed by the Islamic
University of Gaza (69, 19.77%), Al-Quds University
(57, 16.33%), and Palestine Polytechnic University (52,
14.90%) (Table 2).

Perceptions about Al in life

The study revealed that 113 (32.38%) participants were
aware of the applications of AI in daily life, whereas
about two-thirds were not aware (236, 67.62%). Media
news (200, 57.31%), literature reviews and published
research articles (58, 16.62%), and social media platforms
(35, 10.03%) were the most common sources through
which students learned about the uses of Al in daily life
(Table 3).

Most participants (268, 76.79%) reported that they
had not received formal education about AI before or
during medical study. During their medical education
or training, participants learn about the application of
Al in human life from social media platforms (e.g., self-
learning groups or YouTube) (120, 34.38%), medical
training (48, 13.75%), research projects with research
medical teams (46, 13.18%), elective courses provided by
the university (45, 12.89%), published research articles
(30, 8.6%), or undergraduate curriculum (23, 6.59%).

In addition, 241 (69.05%) participants thought that
learning programming or mathematics would help them
better comprehend the principles and uses of Al in medi-
cine. The most highly rated methods of learning about Al
in medicine were workshops (106, 30.37%), extracurricu-
lar activities (104, 29.8%), lectures (92, 26.36%), as well
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Contacted
undergraduate
students (N =371)

Acceptedto

participate in the
survey (N = 362)

Rejected to
participate in the
survey (N = 9)

Fully completed
surveys (N = 349)

Partially completed
surveys (N =13)

Fig. 1 Flow chart presenting the compilation of the study participants

as participation in scientific activities with other depart-
ments (mathematics, computer science) (14, 4.01%). A
small proportion of participants (4, 1.15%) confirmed
that they preferred other methods to learn about Al such
as in-depth internships with other medical teams and
participating in exchange programs with other universi-
ties that include Al in their annual course plans.

Perceptions about Al in medicine

Most participants (250, 71.63%) confirmed knowing
that AL, NN, ML, and DL techniques are used in medi-
cine through their responses to the question “Do you
know that AI, NN, ML, and DL techniques are used in
medicine?”. Social media platforms (119, 34.1%), medi-
cal training (47, 13.47%), elective courses provided by the
university (46, 13.18%), as well as research projects with
research medical teams (45, 12.89%), were the most com-
mon sources through which students heard about the
uses and applications of Al in medicine (Table 4).

Figure 2 presents the responses of the study partici-
pants to questions related to the future of Al and its cur-
rent applications in medicine. The overall median score
of Likert responses for all participants was 3.38 (IQR=1).

Excluded fromthe
survey

The results showed that only 97 (27.8%) participants
strongly agreed or agreed with their ability to understand
and describe AL, ML, NN, and DL, and 102 (29.3%) par-
ticipants believed they could mention different examples
of applications of AI, ML, NN, and DL in medicine.

The perceptions of undergraduate medical students of
Al in medicine were that it has improved and benefited
medicine (65.9%, 230 strongly agree or agree) and that it
is usually utilized in medicine (57.9%, 202 strongly agree
or agree). About two-thirds of students strongly agreed
or agreed that AI would become common in the future
(67.9%, 237), power the future of medicine (67.0%, 234),
and revolutionize medical fields (68.7%, 240).

Participants strongly agreed or agreed with the idea
that AI would be cost-effective (245, 70.2%) and optimize
the services provided to specialists who work in medi-
cine (240, 68.8%). Concerning their opinion on whether
the benefits of Al would outweigh the drawbacks, 238
(68.2%) strongly agreed or agreed with this statement,
81 (23.2%) strongly disagreed or disagreed, and 30 (8.6%)
were not sure. Although there is a lot of debate and hype
around Al and its impact on medicine (62.8%, 219), some
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Table 2 Demographic characteristics of the study participants
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Variable

Summary statistics *

Gender

Female

Male

Age

Mean + Std-Dev

Median (Q1-Q3)

Min, Max

Age groups

<20 years

>20 years

Year of medical study

First-year medical school student (M1)
Second-year medical school student (M2)
Third-year medical school student (M3)
Fourth-year medical school student (M4)
Fifth-year medical school student (M5)
Last-year medical school student (M6)

Do you have a background in computer science, mathematics, or statistics?

No
Yes

251(71.92%)
98(28.08%)

20.38+1.97
20(19-22)
18,26

140(40.11%)
209(59.89%)

59(16.91%)
140(40.11%)
85(24.36%)
31(8.88%)
14(4.01%)
20(5.73%)

234(67.05%)
115(32.95%)

Do you have a good experience in technology or have a high degree of technological literacy?

No
Yes
Do you have a parent or sibling with a degree in Al majors?
No

218(62.46%)
131(37.54%)

260(74.50%)

Yes 89(25.50%)

Which university are you currently studying medicine at?

Gaza Strip Al-Azhar University 33(9.46%)
Islamic University of Gaza 69(19.77%)

West Bank Hebron University 37(10.6%)
Palestine Polytechnic University 52(14.9%)
Al-Quds University 57(16.33%)
An-Najah National University 85(24.36%)
The Arab American University 16(4.58%)

Total 349 (100%)

*Mean=SD for continuous variables and n (%) for categorical variables.

students did not believe that (72, 20.6%), and others were
not sure about this (58, 16.6%).

The study showed that participants did not think that
doctors would be completely or partially replaced by Al
(259, 74.2% strongly disagree or disagree) and were not
concerned about the developments of Al in medicine
(257, 73.6% strongly disagree or disagree). Some par-
ticipants were unsure whether AI would impact their
medical-specific major in the future (80, 22.9%). How-
ever, more than half (238, 68.2%) of participants agreed
with the idea that AI would never make human doctors
expendable.

Table 5 illustrates the mean, standard deviation,
median, and interquartile range values of the total
scores of 5-Likert scale questions related to partici-
pants’ perceptions of Al in medicine according to their

sociodemographic characteristics. According to Table 5,
there was no significant difference between the median
scores in terms of gender, age, year of medical study, hav-
ing a background in mathematics, statistics, or computer
science, having a good experience in technology, having a
parent or sibling with an AI major, and type of university
they are studying at.

Perceptions about Al in medical education

Figure 3 illustrates the responses of the study partici-
pants to questions related to their understanding of Al
in medical education. The overall median score of Lik-
ert responses for all participants was 3.00 (IQR=1).
The results showed that participants strongly agreed
or agreed (231, 66.1%) that they would need to under-
stand the current uses and applications of Al during
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Table 3 Participants'responses (n=349) to questions related to the use of Al in life

Variable N(%)

I am aware of the applications of Al in our life

No 236(67.62%)
Yes 113(32.38%)
Where did you hear about the uses and practical applications of Al in our life?

Lectures at the university 19(5.44%)
Training experience at hospitals 25(7.16%)
Social media platforms 35(10.03%)

Literature reviews and published research articles
Media news

Colleagues/friends

Others

Have you had any formal education about Al before or during medical study?

No
Yes
Where did you learn about Al during your medical education/training?

58(16.62%)
200(57.31%)
9(2.58%)
3(0.86%)

268(76.79%)
81(23.21%)

Undergraduate curriculum 23(6.59%)
Elective courses provided by the university 45(12.89%)
Online course 24(6.88%)
Research project with research medical teams 46(13.18%)
Medical training 48(13.75%)
Social media platforms 120(34.38%)
Literature reviews and published research articles 30(8.6%)
Media news 4(1.15%)
Colleagues/friends/professors 4(1.15%)
Scientific events (conferences, workshops, ...etc) 2(0.57%)
Other 3(0.86%)

Do you think that learning programming or mathematics would help you better comprehend the principles and uses of artificial intelligence?

No 108(30.95%)
Yes 241(69.05%)
Your favorite method of learning about Al in medicine

Collaborative activities 14(4.01%)
Conferences 29(8.31%)
Extracurricular activities 104(29.8%)
Lectures 92(26.36%)
Workshops 106(30.37%)
Other 4(1.15%)
Total 349 (100%)

their medical career. Approximately two-thirds of medi-
cal students (239, 68.5%) confirmed that they would use
AI during their medical careers. Participants stated that
Al should be specifically included in their medical cur-
riculum (247, 70.8%), but reported that they had never
previously acquired training in the use of Al in medicine
during formal medical education (260, 74.5%).

Only 14.3% (50) of participants believed that they
would receive training regarding employing Al in medi-
cine during formal education in the future. A small per-
centage of participants confirmed that they received
training in the use of Al in medicine outside of formal
education (51, 14.6%) (e.g., attending TED talks, scien-
tific conferences, and workshops) or through research
and work experience (50, 14.3%). In addition, 75 (21.5%)

participants reported that they educated themselves
about AI through different scientific websites such as
Google, PubMed, literature reviews, and published
articles.

Most participants (264, 75.7%) thought that learning
opportunities regarding Al in medicine have not been
adequate; therefore, it is very important to study more
about employing Al in medicine (228, 65.3%). Approxi-
mately 70.8% (247) confirmed that the lack of knowledge
of mathematics and programming is considered the main
problem that hinders understanding Al in medicine. If
medical students were given an opportunity, they would
learn more about Al (247, 70.8%). Extracurricular activi-
ties (142, 40.7%), collaborative activities (104, 29.8%), lec-
tures (44, 12.6%), conferences (27, 7.7%), and workshops
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Table 4 Participants'responses (n=349) to questions related to the use of Al in medicine
Do you know that Al, NN, ML, and DL techniques are used in medicine?

No 99 (28.37%)
Yes 250 (71.63%)
Where did you hear about the employment/integration of Al, NN, ML, and DL in medicine?

Undergraduate curriculum 23 (6.59%)
Elective courses provided by the university 46(13.18%)
Online course 25(7.16%)
Research project with research medical teams 45(12.89%)
Medical training 47(13.47%)
Social media platforms 119(34.1%)
Literature reviews and published research articles 30(8.6%)
Media news 6(1.72%)
Colleagues/friends/professors 3(0.86%)
Scientific events (conferences, workshops, .. .etc.) 2(0.57%)
Other 3(0.86%)

ML: machine learning, NN: neural networks, DL: deep learning

Q16: Al will have a significant

impact on the medical major or 24.1% 33% 22.9% 11.2% 8.9%

field | am interested in.

fociors pondapie. <™ T.T%  155%  8.6% 32.7% 35.5%
Q14: 1 am concg{rmciinabo%tbe 27.5% 46.1% 16.6% 4% 5.7%

Q13: Al will partially or

completely replace doctors 28.1% 46.1% 16% 4% 5.7%

anytime soon.

Q12: There is a lot of debate and

hype around Al and its impact on 6% 14.6% 16.6% 30.7% 32.1%

medicine.

Q11: Al will optimize the

services provided to specialists 6_6% 1 5_8% 8.9% 33% 358%

who work in medicine.

e e o 77%  155%  8.6% 32.1% 36.1%

B 4 apehcaions wilbe 6%  14.9%  8.9% 35.5% 34.7%

Q8: Al will revolutionize

medicine and global health 69% 1 55% 89% 31 2% 375%

outcome in the future.

e e of 7.7% 16.3% 8.9% 30.9% 36.1%

Wi become common n the future, | 1-2% 15.8% 9.2% 31.5% 36.4%

B o Al have 7.7% 16.6% 9.7% 30.9% 35%

Goually utiized  mecieime. 8% 18.9% 15.2% 39.3% 18.6%

35, | understand rescarch methods 33.2% 29.5% 16.6% 117% = 89%

Q2: | could mention examples
of applications of Al, deep 0, 0, 0, 0, 0,
learning, neural networks, and/or 13.8% 36.4% 20.6% 13.8% 15.5%
machine learning in medicine.
Q1: I could explain/describe
what Al, deep learning, neural 0, o, 0, 0, 0,
networks, and/or machine learning 13.2% 40.1% 18.9% 11.2% 16.6%
are.

0% 25% 50% 75% 100%

Strogly disagree Disagree Neutral Agree | Strongly agree

Fig. 2 Responses of undergraduate medical students (n=349) to questions related to the future of Al and its current applications in medicine
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Table 5 The total score of participants’ perceptions about Al in medicine among different subgroups

variable n(%) Mean+SD Median (IQR) Max, Min P
Gender

Female 251(71.92%) 3.20+0.75 3.31(1.06) 4.69,1.44 0.22°
Male 98(28.08%) 3311068 3.50(1) 469,15

Age

<20 years 140(40.11%) 2.88+0.81 3.31(0.88) 4.69,1.44 0.78°
>20 years 209(59.89%) 2934091 344(1.13) 469,15

Year of medical study

M1 59(16.91%) 3.28+0.73 3.38(0.94) 4515 031°
M2 140(40.11%) 323+0.72 3.38(0.89) 4.69,1.44

M3 85(24.36%) 3.09+0.76 3.25(1.19) 469,1.5

M4 31(8.88%) 327+0.78 3.31(1.03) 438,15

M5 14(4.01%) 3.58+0.63 3.66(0.45) 444,1.75

Mé 20(5.73%) 337063 3.53(1.11) 4.38,2.38

Do you have a background in mathematics, statistics, or computer science?

Yes 234(67.05%) 321+0.74 3.31(1) 469,144 044°
No 115(32.95%) 3274071 3.44(0.93) 4.69,1.62

Do you have a good experience in technology or have a high degree of technological literacy?

Yes 218(62.46%) 322+0.74 3.31(1) 469,144 0.70°
No 131(37.54%) 3254071 3.38(0.94) 469,15

Do you have a parent or sibling with a degree regarding Al majors

Yes 260(74.5%) 321+0.73 3.31(0.96) 469,144 0452
No 89(25.5%) 3.28+0.73 3.44(1) 469,1.62

Which university are you currently studying medicine at?

Al-Azhar University 33(9.46%) 3.16+0.7 3.38(0.88) 4.25,1.56 0.18°
Islamic University of Gaza 69(19.77%) 3.26x£0.75 3.38(0.75) 4515

Hebron University 37(10.6%) 332+0.53 3.44(0.5) 45212

Palestine Polytechnic University 52(14.9%) 3.06+0.85 3.09(1.46) 469,1.75

Al-Quds University 57(16.33%) 335+0.55 3.44(0.57) 4.56,1.81

An-Najah National University 85(24.36%) 3.19+0.81 3.31(1.32) 4.38,1.44

The Arab American University 16(4.58%) 340+0.78 3.62(0.67) 44415

a Mann-Whitney U test
b Kruskal-Wallis test

(18, 5.2%) were favorite formats for learning and getting
more information about AI in medicine (Fig. 4).

Table 6 illustrates the mean, standard deviation,
median, and interquartile range values of the total scores
of 5-Likert scale questions related to participants’ per-
ceptions of Al in medical education according to their
sociodemographic characteristics. A significant differ-
ence was found in the mean perception scores concerning
gender (p<0.001). Male students (3.15%0.87) had higher
perception scores than female students (2.8110.86).
The study found no significant difference in the median
scores of participants’ perception of Al in medical educa-
tion based on age, year of medical study, having a back-
ground in mathematics, statistics, or computer science,
having a good experience in technology, having a parent
or sibling with an AI major, and type of university.

Interviews with participants
The qualitative analysis of interview questions revealed
four main themes: an absence of current Al learning

opportunities, the necessity of including Al learning in
medical curricula, optimism towards the future of Al in
medicine, and expected challenges related to learning
Al in medical fields by undergraduate medical students
(Table 7).

Current Al learning opportunities

The study participants were asked about the current
learning opportunities related to AI that were made
available to them during or outside of formal education,
whether before or after enrollment in medical school.

A high percentage of interviewed participants con-
firmed that the current learning opportunities regarding
Al were informal and outside their medical curricula.
They learned about the applications of Al in medicine
through different scientific sources such as self-learn-
ing from platforms (e.g., edx, Coursera, FutureLearn,
and Udemy), participating in international conferences,
attending workshops, having in-depth discussions with
colleagues, friends, and lecturers, and participating
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Q12: Given the chance, | would
like to learn more about Al.

Q11: | feel that my understanding
of programming or mathematics is
a barrier to my understanding of
Al in medicine.

Q10: I think that it is important
that I better study Al in
medicine.

Q9: I feel like my learning
opportunities about Al in
dicine have been ad

Q8: | have independently educated
myself about Al in medicine
{Google, PubMed, literature
search, news articles).

Q7: | have received training in
the use of Al in medicine through
research or work experiences.

Q6: | have received training

in the use of Al in medicine
externally (independently
attended talks, conferences,
lectures, and workshops).

Q5: | believe that I will

receive training in the use of
Al applications in medicine in
the formal curriculum (classes,
lectures, small groups) in the
future.

Q4: | have received training in
the use of Al applications in
medicine in the formal curriculum
(classes, lectures, small
groups).

Q3: Al should be a formally
taught topic in medical
education.

Q2: | will use Al applications
during my medical career.

Q1: I will need to understand Al
during my medical career.

6%

6.3%

7.2%

6.3%

6.6%

7.4%

12.9%

(2024) 24:507

9.2%

13.5%

9.5%

16.6%

10.9%

47.6%

39.5%

47.9%

47.3%

42.7%

47.3%

13.5%

9.5%

15.5%

9.5%

16.6% 9.7%

29.8%

30.1%

31.2%

28.1%

28.1%

27.8%

27.2%

29.5%

27.2%

30.1%

33%

30.9%

42.1%

40.7%

34.1%

9.7%

10.9%

10%

10.9%

13.5%

10.9%

40.7%

35.5%

35.2%
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8.9%

13.5%

8.9%

8.9%

8.9%

8.9%

5.7%

8%

5.4%

5.7%

5.4%

5.7%

0%

25%

50%

75%

100%

Strogly disagree Disagree Neutral  Agree Strongly agree

Fig. 3 Responses of undergraduate medical students (n=349) to questions related to the Understanding of Al in medical education

Extracurricular activitiese

Collaborative activities

Lectures

Conferences

Workshops

Preferred learning formats for information
about Al in medicine

Others

Percentage

Fig. 4 Responses of the study participants (n=349) on the question of the preferred learning formats for information about Al in medicine
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Table 6 The total score of participants’ perceptions about Al in medical education among different subgroups

variable n(%) Mean+SD Median (IQR) Max, Min P
Gender

Female 251(71.92) 2.81+0.86 3(1.17) 51 <0.001°
Male 98(28.08%) 3.15+0.87 3(0.98) 51

Age

<20 years 2.88+0.81 322+0.7 3(1) 51 0.64°
>20 years 2934091 3.24+0.75 3(1) 51

Year of medical study

M1 59(16.91%) 294+0.89 3(1) 51 0.36°
M2 140(40.11) 2.86+0.79 3(0.6) 51

M3 85(24.36%) 2.79+0.88 3(1.5) 4.751.25

M4 31(8.88%) 295+1.02 3(1) 51

M5 14(4.01%) 358+1.1 342(1.5) 51

Mé 20(5.73%) 3.14+0.74 3(1.06) 452

Do you have a background in mathematics, statistics, or computer science?

Yes 234(67.05) 292+0.87 3(1) 51 0.69°
No 115(32.95) 2.88+0.89 3(1.04) 51

Do you have a good experience in technology or have a high degree of technological literacy?

Yes 218(62.46) 292+0.86 3(1) 51 0.86°
No 131(37.54) 290+0.9 3(1) 51

Do you have a parent or sibling with a degree regarding Al majors

Yes 260(74.5%) 2.89+0.86 3(1) 51 049°
No 89(25.5%) 296+0.92 3(1) 51

Which university are you currently studying medicine at?

Al-Azhar University 33(9.46%) 2.99+0.73 3(1) 4515 0.75°
Islamic University of Gaza 69(19.77%) 3.02+082 3(0.92) 51

Hebron University 37(10.6%) 3.02+0.83 3(1) 515

Palestine Polytechnic University 52(14.9%) 244+09 2.5(1.46) 51

Al-Quds University 57(16.33%) 2.86+0.66 3(0.58) 451

An-Najah National University 85(24.36%) 3.03+1.02 3(1.66) 51

The Arab American University 16(4.58%) 3.06+0.79 3(1) 45,1.5

a Mann-Whitney U test
b Kruskal-Wallis test

Table 7 Main themes and subthemes resulting from interviews with participants regarding Al in medical education
Main Themes Subthemes

Current Al learning opportunities Formal education
Informal education
Integrate Al learning in medical curricula Advantages
Disadvantages
Perceptions towards the future of Al in medicine Positive perceptions
Negative perceptions
Expected challenges related to Al Social challenges
Economic challenges
Ethical challenges
Technological challenges
Political, policy and legal challenges
Challenges related to information and data
Institutional and managerial challenges

in extracurricular activities with students from other summer camps, internships, and student exchange pro-
departments (e.g., computer science, mathematics, and  grams (the Erasmus+Programme).

information technology). Some students reported that Below are verbatim undergraduate student interview
they had a previous opportunity to learn Al through responses:
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Student A.E. said that “I did not get any opportunity
during my undergraduate studies related to the use of Al
technologies in medicine. Also, the study plan does not
include courses related to AL So my knowledge is very lim-
ited in this regard. I wish there was a course on Al in med-
ical fields that would provide us with general information
about Al, machine language, and algorithms. I am com-
pletely disappointed when I compare myself to students at
international universities who have had the opportunity
to interact with this topic’.

Another student, M.K,, said that “I joined the Faculty of
Medicine in 2019, and I am now in my fifth year of study-
ing medicine. I can say that I did not have the opportu-
nity to find out what Al is and what its applications are
in our lives in general, particularly in medicine. I heard
about this term for the first time in an anatomy lecture
where the professor who taught us was on a scientific trip
to Spain, and he provided us with some information about
AL After that, I started hearing about Al frequently in the
news, social media, and scientific journals. I believe that
there will be a revolution in the world of medicine if a gen-
eration of doctors is prepared to keep pace with modern
technological developments”.

Two students, J.S. and A.R., reported that “I have not
taken any training or course related to Al during my for-
mal education at the university. But I heard about this
term from my colleague in the Faculty of Engineering, who
had the opportunity for an academic exchange (the Eras-
mus+ Programme) at the University of Barcelona in Spain
for one semester. When the exchange period ended and he
returned to the university, he talked about the differences
in the academic system, study plan, courses, workshops,
and seminars. My colleague studied the Al in Healthcare
Specialization course, which highlighted the application
of algorithms, machine language, and Al in various medi-
cal fields. I hope to have the same opportunity and be part
of student exchange programs that enrich students with
everything new in the world of technology and medicine’.

Integrate Al learning in medical curricula

A small percentage of participants said that including AI
in the medical curriculum should not be a top priority,
even though the majority of participants thought it was
vital. A medical student said that “I think it is not neces-
sary for medical curricula and study plans to contain
courses related to Al because this is one of the tasks of the
specialist or expert in the field of AL, machine language,
and algorithms. Learning and mastering Al requires great
effort and a long time, and this would negatively affect
learning the medical skills that I have to master as a doc-
tor” On the other hand, some students strongly agreed
with the idea of integrating and incorporating the fun-
damentals of Al into medical curricula. A student stated
that “the curricula should contain courses that provide
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the student with a good background in the basics of Al
without going into the details that are the specialty of the
expert’.

A student stated that “the fact that the inclusion of Al
topics in the courses that a medical student learns is very
important in order to enable us to determine a specific
path in the future when studying masters and PhDs, such
as clinical and genomic diagnostics”. Also, a student said
that “Al teaches students how to use a diagnostic problem-
solving method to address problems relating to diseases.
Also, it offers an intelligent simulation tool or surgical
aid” In addition, he confirmed that “integrating Al into
the medical curriculum can provide better learning by
identifying students’ comprehension levels and serving as
a tool for clinical decision-making’.

Three students in their final year of medical school
agreed that there is a need to be self-reliant and to build
partnerships and relationships with medical students at
other universities virtually in order to fill knowledge gaps
related to employing AI techniques in medicine. They
said that “from my personal experience, I have joined
medical groups that publish all updates in the field of
medicine, including the importance of Al in diagnosis,
treatment, data analysis, and chemical examinations.
I knew about the FutureLearn platform, which offers a
free course entitled “Digital Skills: Artificial Intelligence,
which was accredited by the CPD Certification Service.
The duration of the course was 3 weeks, and I learned a
general background on Al (Ist week), Al in the industry
(2nd week), and adapting our skills to work with Al (3rd
week)’.

Student N.W. said that “it is true that the formal cur-
riculum that we studied at the university lacks program-
ming, machine learning, and Al This does not mean that
the medical student should stay without doing anything.
He must research, study, and teach himself. Enrolling in
training courses related to Al contributes to improving the
individual’s level of awareness of the need to employ them
in the future. Engaging in scientific conferences, work-
shops, and internships contributes to mitigating the sever-
ity of illiteracy that we suffer from’.

Another medical student in their 4th year of study said
that “technological developments in the medical field
must be kept updated because we live in Gaza and the
economic situation in general is deteriorating, so it is dif-
ficult for a medical student to participate in any scientific
event as long as there is no funding. If I have the opportu-
nity to obtain funding from a donor, I will definitely take
intensive training related to applying Al tools in my major
and engaging with my peers from other countries”.

Perceptions towards the future of Al in medicine
Participants revealed a variety of emotions towards
Al Some reported their optimism for the future of
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technology, while others voiced concerns that it would
be misused. Some students indicated that AI would be
very useful in medicine in terms of diagnosis, analysis,
characterization, calculating the number of chemicals
required, online appointment scheduling, performing
surgical operations with high accuracy, and detecting
drug dosage.

A student, A.S., stated that “despite the presence of
some concerns, there are numerous applications of Al
in medical and healthcare fields, such as online check-
in at medical facilities, digitization of medical records,
reminder calls for follow-up appointments, and immuni-
zation dates for children and pregnant women’.

Also, a student who joined an Al course on the edx
platform reported that “I just finished registering for a
new course entitled Al in Practice: Applying Al, which
will be provided by the Delft University of Technology on
the edx platform. I will learn how to build a step-by-step
plan for implementing Al in my organization, as well as
the implementation and practical aspects of AL I am very
excited to start the course next September, and I expect
that 1 will be able to learn how to improve the medical
field using AT.

On the other hand, student J.S. referred to “Despite the
importance of Al tools in the medical field, there are ethi-
cal concerns that have been raised by a large number of
critics, and the controversy still exists” Similarly, another
student stated that “if an error is detected in the Al tools
used, this error will be catastrophic. Although the Al tools
are accurate, errors can occur” In addition, a student con-
firmed that “I think that clinicians will worry about job
security. There will be fewer positions for doctors in spe-
cific fields that require AL, where Al will be more appli-
cable than human doctors, such as pathology, radiology,
cardiology, dermatology, and ophthalmology” Also, a stu-
dent said that “Even though most patients are inclined to
accept an Al-based diagnosis, they tend to trust doctors
more often when their diagnosis disagrees with the Als. I
think that only a small number of medical students have
access to personal-level data science or machine learning
courses, despite their need for such training. Additionally,
doctors may worry a lot about being replaced in the future
by AI” Some students raised the problem of data privacy
and security, as Al in medicine needs large amounts of
data from patients. Some students agreed that “a patient’s
right to determine how their data is used and protection
from unwanted access to that data are both crucial’.

Expected challenges related to learning Al

Questions were asked of the students who were inter-
viewed about the challenges, difficulties, and obstacles
they expected to face if AI were to be implemented in
medical fields in the future. The obstacles mentioned by
the students included the obstacles they expected to face
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when studying Al courses during their formal education
or the obstacles they would face when they practically
employed Al in medicine during their medical careers.
The participants mentioned social, economic, ethical,
technological, political, institutional, and information
challenges.

A student said that “when the Faculty of Medicine
decides to include Al courses in the study plan, I expect
that we will face many difficulties related to adapting to
these subjects and how to employ them in the field of med-
icine. In addition, most students suffer from weaknesses in
mathematics, statistics, and computer science, which hin-
der their understanding of the principles and basics of Al
I believe that one of the main obstacles to the adoption of
Al in medicine is cultural, as some undergraduate medi-
cal students may be reluctant to engage with novel devices
and programs’.

Another student stated that “from my point of view,
studying Al courses may hinder the comprehension and
understanding of other courses related to medicine. For
example, I need 3 hours a day to study the Al course, and
this reduces the time required to study medical courses
such as anatomy and physiology. This means that I will
waste time studying topics that have no practical applica-
tion in my country”.

Similarly, student K.S. reported that “mastering the
principles of statistics, mathematics, programming, and
algorithms is very important before starting to focus on
studying Al The student of the Faculty of Medicine did not
receive sufficient education during secondary school, so
he faced many difficulties and challenges when transfer-
ring from school to university. Therefore, medical students
should master the basics before moving on to studying
deep topics’.

Another medical student in his second year of medical
school confirmed that “Since we live in Gaza, the continu-
ous cut of electricity and internet, the lack of logistical ser-
vices, and the scarcity of specialists in Al are among the
biggest challenges that prevent understanding this field. In
addition, the deteriorating economic situation will play a
major role in preventing the student from participating in
related courses, workshops, and lectures outside of formal
education, as the medical student hardly provides tuition
fees and monthly expenses” Then, he concluded, “Given
the required investment and altered working procedures,
the widespread adoption of Al technology could have a
large negative economic impact on organizations and
institutions”.

A student in his third year of medical school reported
that “through my journey in preparing educational mate-
rial about Al in medicine for high school students, I read
research papers about the difficulties of Al and big data
integration. New and effective solutions are required to
handle big data’s enormous volume” Moreover, some
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students raised challenges related to institutions, which
would depend on Al in the future. A student mentioned
that “organizations may suffer serious problems when
there is no plan in place for how Al can disrupt important
business sectors and fail to address issues in the human
workforce”.

Misunderstanding and lack of knowledge are factors
that contribute to the expansion of the gap and compli-
cate the situation among undergraduate medical stu-
dents. For example, a medical student reported that
“many medical students may be unaware of how Al func-
tions and what it can and cannot achieve. This may cause
medical students to have irrational expectations and to
lose faith in technology. Also, a barrier to incorporating AI
in our curriculum is the priority given to non-Al medical
subjects’”.

A student who joined an online course about Al on the
Udemy platform clarified that some learners discussed
legal problems related to Al He quoted a comment
written within the group: “There are many legal issues
surrounding Al for mistakes made by this system. The
problem of copyrights may present another legal challenge
when deploying Al systems. To adequately safeguard and
reward human-generated work, the current legal system
has to undergo considerable adjustments’”.

Discussion

The results of the study revealed that most participants
thought that Al was very important to medical fields and
urgently wanted opportunities to learn the fundamentals
of AL The study showed that there are still not enough
educational options available in Palestine at the univer-
sities that teach medicine. The incorporation of learning
and training opportunities about Al in the traditional
medical curriculum needs to be taken into consideration
given the quick advancement and the increasing usage
of Al in the medical fields around the world. Addition-
ally, as the skills needed to use Al may differ from those
traditionally possessed by medical students, the integra-
tion of AI content in medical curricula must take into
account the preferred learning formats, learning content,
and expected challenges that may be faced by medical
students.

The results of this study are in agreement with the
study of Teng et al. [46], who explored the perspectives of
healthcare students on Al in Canada. They found that the
participants had limited Al-related knowledge. Accord-
ing to a 2020 European survey, only one-third of medical
students said they knew the basics of Al [41]. According
to a survey conducted in 2021 among medical students in
Ontario, participants thought they grasped the meaning
of Al but when asked about specialized terminologies
related to Al (such as ML, NN, etc.), they were unable
to understand them [28]. Similar findings were also
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reported in other studies involving healthcare and medi-
cal students in Germany [25, 29], Pakistan [31], Syria
[371], India [47], and Vietnam [48], where the medical stu-
dents have insufficient knowledge of Al. More recently,
a review conducted by Mousavi Baigi et al. [49] showed
that most medical students had little knowledge of and
limited skills in working with Al, indicating that imme-
diate education is necessary in this regard. This expand-
ing knowledge gap could pose a challenge to the effective
incorporation of Al in medicine [50]. On the other hand,
some studies found adequate information and a high
level of knowledge about Al among medical students [36,
49].

Currently, most medical schools do not have a formal
Al curriculum [51]. Therefore, medical students lack both
knowledge and skill. Some studies state that many stu-
dents claim never to have heard of machine learning, and
their medical school taught them little to nothing about
Al [52, 53]. Most medical students are willing to learn
more about Al, but many face obstacles to understanding
the statistical techniques employed in Al research, pro-
spective applications, or interpreting the results of AI-
related publications [54].

Contrary to the uncertainty about Al applicability,
some participants were positive about Al in their medi-
cal disciplines [46]. We also observed some inconsis-
tencies among the study participants. Some thought Al
would revolutionize medicine but also thought it would
not directly impact their medical careers. These results
can be attributed to several reasons, such as the lack of
knowledge of Al applications, misconceptions around
Al perpetuated by the media, and a lack of practical
exposure to Al in a medical environment. Similarly, a
study conducted on medical physics students revealed
that most students believed that AI would revolutionize
medicine and enhance healthcare and disagreed that Al
threatened their careers in the future [55].

Our results revealed that most participants did not
think that doctors would be replaced by Al and were not
concerned about the developments of Al in medicine.
These results are inconsistent with the study carried out
by Pinto dos Santos et al. [25], which indicated that this
issue was not a concern for the students. On the other
hand, a previous study conducted with medical students
showed that the participants developed concerns about
the possibility of Al replacing human doctors in the
upcoming years [56]. Therefore, this concern has made
students less likely to select imaging-based diagnostic
majors like radiology. Even though concerns about Al
may differ depending on the study groups, incorporat-
ing Al into medical curricula may mitigate their worries
about its application in a medical environment. In addi-
tion, it was reported that a lack of understanding may
make it difficult for doctors to deal with AI technology
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effectively as it becomes more prevalent in hospitals [46].
Therefore, incorporating Al into medical curricula may
resolve this issue. To fill this expanding gap in knowledge,
medical curricula must be improved in light of current
advancements in the Al field [29, 40, 46].

The present study presents an evaluation of current
Al learning opportunities, preferred Al education deliv-
ery forms, and expected challenges. Our study revealed
that there are no universities that have a formal AI pro-
gram included in the annual plan. This is due to the
many challenges that Palestinian universities face, the
most important of which is the lack of funding and the
absence of material and technical support. Technological
illiteracy plays an important role in this problem, as there
is a general weakness in the basics of computer science,
mathematics, and programming. This situation requires
teaching medical students these principles before incor-
porating Al into the medical curriculum, and this in turn
requires a longer time (two semesters), which may be
rejected by students and universities. To avoid exacerbat-
ing the problem in the future, universities should focus
on other strategies that gradually build the knowledge
of medical students about Al. Summer training courses
and extracurricular activities can be offered, particularly
for those who are interested. Similar situations have been
previously observed in other countries [51, 57, 58], where
opportunities for learning about Al in medical education
are very limited. In addition, it was reported that medical
students lack structured education related to Al, which
can make them feel unprepared and ignorant. Therefore,
designing Al courses is critical to ensuring that medi-
cal students have the skills they need to succeed in their
future medical professions [59].

Our study revealed that male students had higher per-
ception scores than female students. This result may
be attributed to the fact that male students have more
information and adequate knowledge related to Al than
female students [48, 60]. Also, students who join work-
shops and attend courses on Al in medicine will become
educated and have more knowledge of AL therefore,
they will have a higher perception and awareness of Al-
related topics. Similar results were found among medical
students in Turkey, where males had higher mean PAIM
(Perceptions on Artificial Intelligence in Medicine) scores
than females [42]. A previous study conducted by Sarwar
et al. [61] on physician perspectives on the integration of
Al into diagnostic pathology found that males were more
likely to integrate Al had a more positive attitude toward
the application of Al in practice, and felt more at ease
using computer science technologies and Al tools than
females. Moreover, a study carried out among elementary
students in China showed that male students felt more
confident and had higher readiness for AI compared to
female students after attending an Al course [62].
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The interviews conducted with participants highlighted
different challenges and difficulties they expected to face
when studying AI courses during their formal educa-
tion or when implementing Al in medicine during their
medical career if Al is incorporated into medical fields.
The participants reported social, economic, ethical, tech-
nological, political, institutional, and information chal-
lenges. Similar results have been previously discussed in
the study of Grunhut et al. [63]. They revealed that medi-
cal schools do not incorporate Al into their curricula for
several reasons, such as a lack of faculty expertise, a lack
of evidence to support students’ growing interest in Al-
related courses, and the absence of recommendations
from the responsible committees of medical education.
Many challenges play key roles in deciding whether Al
will be incorporated into medical curricula or not, such
as the experience of faculty members, having data about
backup students’ growing interest in learning about Al,
or the presence of recommendations from responsible
authorities on medical education [64, 65]. Therefore, the
diversity of Al tools, the methodology for engineering
and building AI solutions to medical problems, and the
significance of data in the creation of Al advances should
all be understood by medical students to mitigate pos-
sible difficulties.

During the interviews, we noticed that one barrier to
incorporating Al is the priority given by the students to
non-Al medical subjects. The utilization of unique edu-
cational methods could help overcome this challenge
since the study participants indicated that workshops,
collaborative activities, scientific conferences, and extra-
curricular activities were their favorite learning types.
These would be simpler to apply in a complex medical
curriculum and more agreeable to medical students [66].
Although some participants expressed concern that a
lack of mathematical or computer science understanding
would limit effective learning about Al, the rest did not
believe that technical knowledge would be a challenge to
the understanding of Al Given the wide range of edu-
cational experiences and technological knowledge, it is
wise for medical Al curricula to refrain from delving into
intricate technical details. To attract the attention of the
students, it should design AI materials without rigorous
mathematics, address the concern about Al, provide stu-
dents with open access resources, and build teams with
multidisciplinary collaboration [67].

Numerous studies have shown that there is a key
problem with the understanding of Al and that medical
curricula should address Al and include it as the main
learning content. Al curriculum building can be achieved
in a well-informed manner in Palestine due to insights
provided by this study and results regarding preferred Al
education formats and obstacles to Al education. We rec-
ommend providing Palestinian medical students with Al
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subjects according to the attractive formats they prefer,
such as workshops, lectures, extracurricular activities,
and conferences. We also advised planning to educate
medical students during summer vacation, as they have
time to learn and study. Medical education must quickly
shift from the information age to the age of Al to avoid
the problem of leaving medical students unprepared to
use Al in clinical environments [68].

Educational initiatives that aim to educate undergradu-
ate medical students in the Al field should be adopted
and given priority by the responsible authorities. We
strongly recommend conducting studies focused on
developing instructional materials in the aforementioned
formats and evaluating them with a group of medical stu-
dents in Palestine.

Conclusion

This study highlights the attitudes of medical students
toward Al in medicine, training opportunities, and pre-
ferred methods for teaching Al curricula. Most partici-
pants did not receive formal education on Al before or
during medical study and suffered from a severe lack of
theoretical and/or practical educational opportunities
related to the use of Al techniques in medicine. As the
participants had not previously acquired training in the
employment of Al in medicine during formal education,
this confirmed a dire need for the incorporation of Al
courses in medical curricula. The incorporation of Al in
medical education, the creation of training environments,
and equipping students with the necessary skills should
be taken into account to support their learning, providing
personalized experiences and improved outcomes. Given
that Al instruments are likely to be extensively utilized in
the future, training the next generation of medical stu-
dents in how AI will fit into clinical practices will help
them make major changes in the medical field, enhancing
the careful use of these instruments in manual practice
and ultimately improving the healthcare system.

Strengths and limitations

The strengths of the present research include its temporal
proximity to technological developments regarding the
integration of Al in medical education around the world.
This study is considered the first of its kind conducted in
Palestine. Based on our knowledge, no previous Palestin-
ian study focused on the perceptions of medical students
about Al in medicine. Therefore, the results should be
taken into consideration to improve medical curricula
and adopt new strategies for educational content. Limi-
tations of this study include the non-representativeness
of the study sample, which mainly consisted of female
students (71.92%). This may limit the generalizability of
our findings to a wider population. The second limita-
tion is present in the fact that our study was conducted
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at only seven universities in Palestine that have a faculty
of medicine. Due to self-selection bias caused by volun-
tary participation, only medical students interested in Al
and medical technologies probably completed the survey.
This study’s sample size is not representative of all gover-
norates of Palestine, where most of the participants were
from the West Bank. Finally, this study lacked sensitivity
analyses. In our study to address self-selection bias, we
followed some techniques such as using multiple meth-
ods of data collection (online surveys and face-to-face
interviews), anonymity and confidentiality of the partici-
pant’s responses, conducting pilot testing of the survey
instrument, following ethical guidelines, and consider
accessibility features for the study online survey.

Abbreviations

Al Artificial intelligence
ML Machine Learning
NN Neural Networks

DL Deep Learning

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512909-024-05465-4.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3

Supplementary Material 4

Acknowledgements

We would like to express our gratitude and deep thanks to the students who
participated in the study and who agreed to conduct interviews with the
researchers.

Author contributions

E.R. conceptualized and designed the study, drafted the initial manuscript, and
designed the data collection instruments. A.R, W.R. and M.A. collected data
and reviewed the design of the study. K.J. carried out the initial analyses, wrote
the main manuscript text, and critically reviewed the manuscript for important
intellectual content. WK, W.S. and E.A. reviewed and edited the tables, figures
and references. All authors have read and agreed to the published version of
the manuscript.

Funding
This research received no external funding.

Data availability
The data presented in this study are available on request from the
corresponding author.

Declarations

Ethics approval and consent to participate

The present study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Faculty
of Science of the Palestine Technical University, Kadoorie, Hebron, Palestine
(App. ID 10-2022). All participants provided informed consent to participate in
the study. This study did not contain any characteristics that could be utilized
to identify the participants.


https://doi.org/10.1186/s12909-024-05465-4
https://doi.org/10.1186/s12909-024-05465-4

Jebreen et al. BMC Medical Education (2024) 24:507

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

‘Department of Mathematics, Palestine Technical University — Kadoorie,
Hebron, Palestine

2Depar‘[ment of Mathematics, An-Najah National University, Nablus,
Palestine

3Unité de Recherche Clinique Saint-Louis Fernand-Widal Lariboisiere,
APHP, Paris, France

“Department of Biology, Faculty of Science, Islamic University of Gaza,
Gaza, Palestine

>Medical Research Direction, Ministry of Health, Tunis, Tunisia

SFaculty of Education, Islamic University of Gaza, Gaza, Palestine
’Department of Biotechnology, Faculty of Science, Islamic University of
Gaza, Gaza, Palestine

8Umversity College of Applied Sciences - Gaza, Gaza, Palestine
Al-Azhar University, Gaza, Palestine

Received: 1 August 2023 / Accepted: 24 April 2024
Published online: 07 May 2024

References

1. Garcfa-Pola M, Pons-Fuster E, Suérez-Ferndndez C, Seoane-Romero J, Romero-
Méndez A, Lopez-Jornet P. Role of artificial intelligence in the early diagnosis
of oral cancer. A scoping review. Cancers. 2021;13(18):4600.

2. Ahmed N, Abbasi MS, Zuberi F, Qamar W, Halim MS, Magsood A, Alam MK.
Artificial intelligence techniques: analysis, application, and outcome in
dentistry—a systematic review. BioMed research international. 2021; 2021.

3. Amato F, Lopez A, Pefia-Méndez EM, Varhara P, Hampl A, Havel J. Artificial
neural networks in medical diagnosis. J Appl Biomed. 2013;11(2):47-58.

4. Bennett CC, Hauser K. Artificial intelligence framework for simulating clinical
decision-making: a Markov decision process approach. Artif Intell Med.
2013;57(1):9-19.

5. Woo M. An Al boost for clinical trials. Nature. 2019;573:5100-2.

6.  Fiske A, Henningsen P, Buyx A. Your Robot Therapist will see you now: ethical
implications of Embodied Artificial Intelligence in Psychiatry, psychology, and
psychotherapy. J Med Internet Res. 2019;21(5):e13216.

7. Davenport T, Kalakota R. The potential for artificial intelligence in healthcare.
Future Healthc J. 2019;6:94-8.

8. Fleming N. How artificial intelligence is changing drug discovery. Nature.
2018,557:555-7.

9. Pearce C, McLeod A, Rinehart N, Whyte R, Deveny E, Shearer M. Artificial
intelligence and the clinical world: a view from the front line. Med J Aust.
2019,210:538-40.

10. Haleem A, Javaid M, Khan IH. Current status and applications of Artificial Intel-
ligence (Al) in medical field: an overview. Curr Med Res Pract. 2019,9(6):231-7.

11. HabuzaT, Navaz AN, Hashim F, Alnajjar F, Zaki N, Serhani MA, Statsenko Y. Al
applications in robotics, diagnostic image analysis and precision medicine:
current limitations, future trends, guidelines on CAD systems for medicine. Inf
Med Unlocked. 2021;24:100596.

12. Ahmad Z, Rahim S, Zubair M, Abdul-Ghafar J. Artificial intelligence (Al) in
medicine, current applications and future role with special emphasis on its
potential and promise in pathology: present and future impact, obstacles
including costs and acceptance among pathologists, practical and philo-
sophical considerations. A comprehensive review. Diagn Pathol. 2021;16:1-6.

13. Beam AL, Drazen JM, Kohane IS, Leong TY, Manrai AK, Rubin EJ. Artificial intel-
ligence in medicine. N Engl J Med. 2023,388(13):1220-1.

14. Yin Z,Yao C, Zhang L, Qi S. Application of artificial intelligence in diag-
nosis and treatment of colorectal cancer: a novel Prospect. Front Med.
2023;10:1128084.

15. Briganti G, Le Moine O. Artificial intelligence in medicine: today and tomor-
row. Front Med. 2020;7:27.

16.  Gerke S, Babic B, Evgeniou T, Cohen IG. The need for a system view to
regulate artificial intelligence/machine learning-based software as medical
device. NPJ Digit Med. 2020;3(1):53.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 18 of 19

Suh I, McKinney T, Siu KC. Current perspective of Metaverse Applica-

tion in Medical Education, Research and Patient Care. InVirtual Worlds.
2023;2(2):115-28.

Malhotra K, Wong BN, Lee S, Franco H, Singh C, Silva LA, Iragi H, Sinha A,
Burger S, Breedt DS, Goyal K. Role of Artificial Intelligence in global surgery: a
Review of opportunities and challenges. Cureus. 2023;15(8):e43192.

Dave M, Patel N. Artificial intelligence in healthcare and education. Br Dent J.
2023,234(10):761-4.

Gomes RF, Schmith J, Figueiredo RM, Freitas SA, Machado GN, Romanini J,
Carrard VC. Use of artificial intelligence in the classification of elementary oral
lesions from clinical images. Int J Environ Res Public Health. 2023;20(5):3894.
Thurzo A, Strunga M, Urban R, Surovkova J, Afrashtehfar KI. Impact of artificial
intelligence on dental education: a review and guide for curriculum update.
Educ Sci. 2023;13(2):150.

Sedaghat S. Early applications of ChatGPT in medical practice, education and
research. Clin Med. 2023;23(3):278-9.

Kooli C. Chatbots in education and research: a critical examination of ethical
implications and solutions. Sustainability. 2023;15(7):5614.

Oh S, Kim JH, Choi SW, Lee HJ, Hong J, Kwon SH. Physician confidence

in artificial intelligence: an online mobile survey. J Med Internet Res.
2019;21(3):€12422.

Pinto dos Santos D, Giese D, Brodeh! S, Chon SH, Staab W, Kleinert R, Maintz
D, BaeBler B. Medical students'attitude towards artificial intelligence: a multi-
centre survey. Eur Radiol. 2019;29:1640-6.

McLennan S, Meyer A, Schreyer K, Buyx A. German medical students” views
regarding artificial intelligence in medicine: a cross-sectional survey. PLOS
Digit Health. 2022;1(10):e0000114.

Castagno S, Khalifa M. Perceptions of artificial intelligence among healthcare
staff: a qualitative survey study. Front Artif Intell. 2020;3:578983.

Bisdas S, Topriceanu CC, Zakrzewska Z, Irimia AV, Shakallis L, Subhash J,
Casapu MM, Leon-Rojas J, Pinto dos Santos D, Andrews DM, Zeicu C. Artificial
intelligence in medicine: a multinational multi-center survey on the medical
and dental students’ perception. Front Public Health. 2021,9:795284.

Mehta N, Harish V, Bilimoria K, Morgado F, Ginsburg S, Law M, Das S. Knowl-
edge of and attitudes on artificial intelligence in healthcare: a provincial
survey study of medical students. MedEdPublish. 2021;10:75.

Collado-Mesa F, Alvarez E, Arheart K. The role of artificial intelligence in diag-
nostic radiology: a survey at a single radiology residency training program. J
Am Coll Radiol. 2018;15(12):1753-7.

Ahmed Z, Bhinder KK, Tarig A, Tahir MJ, Mehmood Q, Tabassum MS, Malik M,
Aslam S, Asghar MS, Yousaf Z. Knowledge, attitude, and practice of artificial
intelligence among doctors and medical students in Pakistan: a cross-sec-
tional online survey. Annals Med Surg. 2022;76:103493.

Scheetz J, Rothschild P, McGuinness M, Hadoux X, Soyer HP, Janda M, Condon
JJ, Oakden-Rayner L, Palmer LJ, Keel S, van Wijngaarden P. A survey of clini-
cians on the use of artificial intelligence in ophthalmology, dermatology,
radiology and radiation oncology. Sci Rep. 2021;11(1):5193.

Tung AY, Dong LW. Malaysian Medical Students'attitudes and readiness
toward Al (Artificial Intelligence): a cross-sectional study. J Med Educ Curric
Dev. 2023:23821205231201164.

Yiizbasloglu E. Attitudes and perceptions of dental students towards artificial
intelligence. J Dent Educ. 2021;85(1):60-8.

Aboalshamat K, Alhuzali R, Alalyani A, Alsharif S, Qadh H, Almatrafi R,
Ammash D, Alotaibi S. Medical and Dental professionals readiness for
Artificial Intelligence for Saudi Arabia Vision 2030. Int J Pharm Res Allied Sci.
2022;11(4):52-9.

Khater AS, Zaagoq AA, Wahdan MM, Ashry S. Knowledge and attitude of

Ain Shams University Medical Students towards Artificial Intelligence and

its application in Medical Education and Practice. Educational Res Innov J.
2023;3(10):29-42.

Swed S, Alibrahim H, Elkalagi NK, Nasif MN, Rais MA, Nashwan AJ, Aljabali A,
Elsayed M, Sawaf B, Albuni MK, Battikh E. Knowledge, attitude, and practice
of artificial intelligence among doctors and medical students in Syria: a cross-
sectional online survey. Front Artif Intell. 2022;5:1011524.

Boillat T, Nawaz FA, Rivas H. Readiness to embrace artificial intelligence
among medical doctors and students: questionnaire-based study. JMIR Med
Educ. 2022;8(2):e34973.

Buabbas AJ, Miskin B, Alnagi AA, Ayed AK, Shehab AA, Syed-Abdul S, Uddin
M. Investigating students' perceptions towards Artificial Intelligence in Medi-
cal Education. Healthc. 2023;11(9):1298.

Pucchio A, Rathagirishnan R, Caton N, Gariscsak PJ, Del Papa J, Nabhen JJ,
VoV, Lee W, Moraes FY. Exploration of exposure to artificial intelligence in



Jebreen et al. BMC Medical Education

42.

43.

44,

45.
46.

47.

48.

49.

50.

51

52.

53.

54.

55.

(2024) 24:507

undergraduate medical education: a Canadian cross-sectional mixed-meth-
ods study. BMC Med Educ. 2022;22(1):815.

Sit G, Srinivasan R, Amlani A, Muthuswamy K, Azam A, Monzon L, Poon

DS. Attitudes and perceptions of UK medical students towards artificial
intelligence and radiology: a multicentre survey. Insights into Imaging.
2020;11:1-6.

Civaner MM, Uncu Y, Bulut F, Chalil EG, Tatli A. Artificial intelligence in
medical education: a cross-sectional needs assessment. BMC Med Educ.
2022;22(1):772.

Viechtbauer W, Smits L, Kotz D, Budé L, Spigt M, Serroyen J, Crutzen R. A
simple formula for the calculation of sample size in pilot studies. J Clin Epide-
miol. 2015,68(11):1375-9.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. Int J
Qual Health Care. 2007;19(6):349-57.

Lincoln YS, Guba EG. Naturalistic inquiry. sage; 1985.

Teng M, Singla R, Yau O, Lamoureux D, Gupta A, Hu Z, Hu R, Aissiou A, Eaton
S,Hamm C, Hu S. Health care students’ perspectives on artificial intelligence:
countrywide survey in Canada. JMIR Med Educ. 2022;8(1):e33390.

Kansal R, Bawa A, Bansal A, Trehan S, Goyal K, Goyal N, Malhotra K. Differences
in knowledge and perspectives on the usage of artificial intelligence among
doctors and medical students of a developing country: a cross-sectional
study. Cureus. 2022;14(1):e21434.

Minh NT, Vo TQ, Tran HT, Nguyen HT. Healthcare students'knowledge, atti-

tudes, and perspectives toward artificial intelligence in the southern Vietnam.

Heliyon. 2023,9:222653.

Mousavi Baigi SF, Sarbaz M, Ghaddaripouri K, Ghaddaripouri M, Mousavi

AS, Kimiafar K. Attitudes, knowledge, and skills towards artificial intel-

ligence among healthcare students: a systematic review. Health Sci Rep.
2023,6(3):1138.

Celi LA, Davidzon G, Johnson AE, Komorowski M, Marshall DC, Nair SS, Phillips
CT, Pollard TJ, Raffa JD, Salciccioli JD, Salgueiro FM. Bridging the health data
divide. J Med Internet Res. 2016;18(12):.e325.

Imran N, Jawaid M. Artificial intelligence in medical education: are we ready
for it? Pakistan J Med Sci. 2020;36(5):857-9.

Doumat G, Daher D, Ghanem NN, Khater B. Knowledge and attitudes of
medical students in Lebanon toward artificial intelligence: a national survey
study. Front Artif Intell. 2022,5:1015418.

Blease C, Kharko A, Bernstein M, Bradley C, Houston M, Walsh I, Hagglund M,
DesRoches C, Mandl KD. Machine learning in medical education: a survey of
the experiences and opinions of medical students in Ireland. BMJ Health care
Inf. 2022;29(1):2100480.

Ng FY, Thirunavukarasu AJ, Cheng H, Tan TF, Gutierrez L, Lan Y, Ong JC, Chong
YS, Ngiam KY, Ho D, Wong TY. Artificial intelligence education: an evidence-
based medicine approach for consumers, translators, and developers. Cell
Rep Med. 2023;4(10):101230.

Santos JC, Wong JH, Pallath V, Ng KH. The perceptions of medical physicists
towards relevance and impact of artificial intelligence. Phys Eng Sci Med.
2021;44:833-41.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 19 of 19

Gong B, Nugent JP, Guest W, Parker W, Chang PJ, Khosa F, Nicolaou S. Influ-
ence of artificial intelligence on Canadian medical students' preference for
radiology specialty: ANational survey study. Acad Radiol. 2019,26(4):566-77.
Liu DS, Sawyer J, Luna A, Aoun J, Wang J, Boachie L, Halabi S, Joe B. Percep-
tions of US medical students on artificial intelligence in medicine: mixed
methods survey study. JMIR Med Educ. 2022;8(4):e38325.

Ejaz H, McGrath H, Wong BL, Guise A, Vercauteren T, Shapey J. Artificial intel-
ligence and medical education: a global mixed-methods study of medical
students' perspectives. Digit Health. 2022;8:20552076221089099.

Li Q, Qin Y. Al'in medical education: medical student perception, curriculum
recommendations and design suggestions. BMC Med Educ. 2023;23(1):852.
Alghamdi SA, Alashban Y. Knowledge, attitudes and practices towards artifi-
cial intelligence (Al) among radiologists in Saudi Arabia. J Radiation Res Appl
Sci. 2023;16(2):100569.

Sarwar S, Dent A, Faust K, Richer M, Djuric U, Van Ommeren R, Diamandis P.
Physician perspectives on integration of artificial intelligence into diagnostic
pathology. NPJ Digit Med. 2019;2(1):28.

Dai Y, Chai CS, Lin PY, Jong MS, GuoY, Qin J. Promoting students' well-being
by developing their readiness for the artificial intelligence age. Sustainability.
2020;12(16):6597.

Grunhut J, Marques O, Wyatt AT. Needs, challenges, and applications of
artificial intelligence in medical education curriculum. JMIR Med Educ.
2022;8(2):e35587.

Abd-Alrazaq A, AlSaad R, Alhuwail D, Ahmed A, Healy PM, Latifi S, Aziz S,
Damseh R, Alrazak SA, Sheikh J. Large Language models in Medical Educa-
tion: opportunities, challenges, and future directions. JMIR Med Educ.
2023;9(1):e48291.

Ngo B, Nguyen D, vanSonnenberg E. The cases for and against artificial
intelligence in the medical school curriculum. Radiology: Artif Intell.
2022;4(5):2220074.

Narayanan S, Ramakrishnan R, Durairaj E, Das A. Artificial Intelligence revolu-
tionizing the field of Medical Education. Cureus. 2023;15(11):e49604.

Hu R, Fan KY, Pandey P, Hu Z, Yau O, Teng M, Wang P, Li T, Ashraf M, Singla R.
Insights from teaching artificial intelligence to medical students in Canada.
Commun Med. 2022;2(1):63.

Wartman SA, Combs CD. Medical education must move from the information
age to the age of artificial intelligence. Acad Med. 2018;93(8):1107-9.

Wang X, Cheng Z. Cross-sectional studies: strengths, weaknesses, and recom-
mendations. Chest. 2020;158(1):565-71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Perceptions of undergraduate medical students on artificial intelligence in medicine: mixed-methods survey study from Palestine
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Phase one: quantitative study
	﻿The questionnaire


	﻿Pilot study
	﻿Sample size calculation
	﻿Questionnaire distribution
	﻿Phase two: qualitative study
	﻿Sampling method and interview setting

	﻿Designed interview protocol
	﻿Data collection
	﻿Statistical analysis
	﻿Ethics approval
	﻿Results
	﻿Demographic characteristics
	﻿Perceptions about AI in life
	﻿Perceptions about AI in medicine
	﻿Perceptions about AI in medical education
	﻿Interviews with participants
	﻿Current AI learning opportunities
	﻿Integrate AI learning in medical curricula
	﻿Perceptions towards the future of AI in medicine


	﻿Expected challenges related to learning AI
	﻿Discussion
	﻿Conclusion
	﻿Strengths and limitations

	﻿References


