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Abstract

Background: Artificial Intelligence (Al) isincreasingly integrated into healthcare systems
worldwide and medical schools worldwide have begun integrating Al into their curricula. The
healthcare system in Iraq is currently undergoing devel opment and Al has not yet been adopted
in clinical practicein Erbil; in addition, no formal Al instruction has been incorporated into the
medical education curriculum. The aim of this study was to assess knowledge levels, attitudes,
and perceptions regarding Al among medical students and healthcare professionalsin Erhil,

Kurdistan Region of Irag.

Methods: A mixed-methods survey was distributed to medical students and residentsin Erbil,
Kurdistan Region of Irag. The survey was adapted from Teng et al, and modified to reflect the
local context. The survey was trandated into Kurdish and Arabic. Convenience sampling was
used. Statistical analysis was conducted using IBM SPSS (Statistical Package for Social
Sciences), Version 26.0. Chi-sguare and Fisher’s exact tests were used to test associations
between categorical variables. Mann Whitney U test was used to compare mean ranks between
groups in the non-normally distributed data. A P value <0.05 was considered statistically
significant. Thematic analysis was applied to open-ended qualitative responses by two

independent reviewers.

Results: A total of 368 participants participated in this study. The majority (85.6%) of
participants felt that Al should be taught in schools and universities, and 90.8% reported using
Al. ChatGPT was by far the most commonly used Al tool (85.3%). Participants aged 20-24 years
(93.2%) and 25-29 years (90.2%) showed the highest prevalence of using Al. Participants that

used Al previously, had higher scores for support for Al development in their field (U = 3744.5,
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P=0.001), feelings of hope towardsAl intheir field (U = 4406.5, P = 0.004) and thinking that
students should learn the basics of Al (U = 4022.5, P= 0.03). Male participants were more likely
to use Al in comparision with women (P=0.045). The most common concern regarding Al was
loss of jobs (33.0%), followed by overreliance on Al (22.8%). Qualitative analysis revealed
themes of guarded optimism, and concerns regarding the ethical implications of Al usein

medicine.

Conclusion: Medical students and physiciansin Erbil are early adopters of Al in spite of any
formal training. In parralel, most participants expressed dissatisfaction with their understanding
of the ethical implications of Al in healthcare and emphasized the need for formal Al education
in healthcare curricula. The mgjority of participants expressed guarded optimism regarding the
future of Al in healthcare. A gender gap in Al was identified, consistent with global trends with

implications for professional equity.

Keywords: Artificial Intelligence, Attitudes, Medical Professional, Medical Student, Perception,

Perspectives.
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Artificial Intelligence (Al) isincreasingly being integrated into healthcare systems worldwide,
influencing clinical decision-making, patient care and diagnostics.® Al technologies have been
applied in awide range of medical domains, including providing the highest standard of patient
care, streamline clinical workflow and improve diagnostics.”> Several medical specialties
including radiology, pathology, and dermatology have already demonstrated substantial potential
for Al integration.®* As Al becomes more widely incorporated into healthcare systems,
healthcare professioinals are increasingly expected to understand their capabilities, limitations,

and ethical implicationsin order to use them safely and effectively in clinical practice.

In many countries, Al-based technologies are already being integrated into clinical
workflows. In countries such as France, Hungary, Portugal, the Netherlands, and Sweden, these
tools are used to support diagnostic decision-making, patient support through chatbot
technologies, and the use of Al to enhance the efficiency of administrative and logistical
processes.” In parrallel, healthcare systems facing workforce shortages and increasing patient
demands have explored Al applications to improve efficiency, expand virtual care, and support
clinical services.®

Al in Medical Education

Beyond clinical practice, Al is aso reshaping how future healthcare professionals are trained.
Medical schools worldwide have begun integrating Al into their curricula, recognizing the need
to prepare future physicians to work alongside these technologies. Many medical schools have
been incorporating Al related content with the aim of equipping students with foundational
knowledge in machine learning, improving understanding of how Al algorithms function, and the

skills required to critically evaluate Al-generated outputsin clinical practice. *2*2
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87 The potential applications of Al in medical education are extensive and address several

88 longstanding challenges in traditional medical training. These challenges include limited student

89  engagement associated with lecture-based instruction, the increasing volume and complexity of

90 medical knowledge, and variability in speciaty training that may result in educational

91 inconsistencies.t] Key applications of Al in medical education include virtual simulations and

92  augmented reality technologies, which are increasingly used to create immersive and realistic

93 clinical, anatomical, and surgical scenarios, enabling students to practice and refine their skillsin

94  asafe environment without risk to patients. In parallel, adaptive learning platforms deliver

95 personalized educational experiences by dynamically adjusting the difficulty and content of

96 materialsinresponsetoindividual student performance and learning needs. Natural language

97  processing tools, including chatbots, further support student learning by answering questions and

98 aiding in the understanding of complex medical concepts. Additionally, Al-based assessment and

99 evaluation systems assist educators by supporting the grading of assignments, assessing clinical
100 competencies, and identifying students who may be at risk of academic underperformance or

101  attrition.*
102 Healthcare systemin Erbil/Iraq

103 The healthcare system in Iraq continues to undergo development, although digitization and Al
104 integration remain limited. In Erbil, acity in northern Iraqg, there are 59 hospitals, comprising
105  both public and private institutions.” Hospital capacitiesin Erbil vary, ranging from smaller

106  hospitals with 40-bed capacities to larger institutions accommodating up to 10,000 patients.®
107  Overall, Erbil hasacapacity of approximately 2 hospital beds per 1,000 population.’ The

108  majority of hospital admissionsin Erbil are related to non-communicable diseases,'® with other

109  common causes including traumaand communicable diseases.

5
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110 Despite the growing interest in technological advancements, most hospitals and clinics in Erbil
111  have yet to digitize patient records. ** Currently, patient histories, operation notes, medication
112  charts, follow-up documentation, and discharge summaries are al handwritten by either doctors

113  or nurses.

114 At present, Al is not utilized in clinical practicein Erbil, despiteits growing adoption in
115 healthcare systems globally. Thislag in implementation, however, does not imply that healthcare
116  professionals and studentsin Erbil are unaware of or uninterested in these technologies. While Al
117  hasnot been formally integrated into medical training, educational methods in the region have
118 largely embraced digitalization. Professors typically provide lecturesin digital format such as
119 PowerPoint presentations and PDFs, which students access through tablets, smartphones, and
120 laptops. Thiscontrast in the use technology between university and hospital settings may be

121  attributable to several factors. Although data on thisissueislimited, it is plausible that

122  trandgitioning to electronic lecture formats requires less training and adaptation than

123  implementing electronic databases for patient management. Furthermore, universities often offer
124  workshops and training sessions to help staff adjust to technological advancements, whereas

125  such support is generally lacking in hospitals.

126 In recent years, there has been a notable increase in students’ interest in Al applications, with
127  many turning to tools like ChatGPT to assist with writing, problem-solving, and completing
128  assignments. While thereis limited data on this phenomenon in Erbil specifically, a study

129  conducted at auniversity in Baghdad revealed a generally positive attitude among students

130  toward incorporating ChatGPT into their educational practices.™

131 Thisinformal adoption of Al tools among studentsin Erbil, occurring without formal

132  guidance or ethical frameworks, mirrors patterns observed in other settings where technology

6
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133  access has outpaced institutional adaptation. However, the specific context of Erbil, where

134  studentswill transition from digitally-enhanced education to largely paper-based clinical

135 practice, creates unigue challenges for workforce preparation. Despite the growing interest, no
136  formal Al classes have been integrated into the medical education curriculum, nor have Al tools

137  been utilized for student learning formally.

138 Rationaleand Aim

139 Although Al has not yet been widely adopted within Iraq’ s healthcare system or medical

140  education, rapid global advancements suggest that its integration is inevitable. To ensure future
141 readiness, it is essential that medical students and healthcare professionals develop an informed
142  understanding of Al applications, limitations, and ethical implications. Establishing a baseline
143  assessment of knowledge, attitudes, and perceptions toward Al isacritical step in guiding

144 curriculum development and targeted educational interventions.

145 Despite the growing interest and informal use of Al tools among students, no formal Al
146  classes have been integrated into the medical education curriculum, nor have Al tools been
147  utilized for student learning in a structured manner. This disconnect between informal adoption

148 and formal training creates an urgent need to understand current knowledge levels and attitudes.

149 Therefore, the aim of this study was to assess the level of knowledge, aswell as the attitudes
150 and perceptions regarding Al among medical students and healthcare professionalsin Erhil,

151  Kurdistan Region of Iraq.

152 Methods

153  Study Design and Setting
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154 This study was a cross-sectional study conducted in Erbil, Kurdistan Region of Irag.

155 DataCollection

156 We adapted a survey previously used by Teng et al.1°, modifying some questions to better fit
157  thelragi context. The survey was translated into Kurdish by co-author D. Zand and into Arabic
158 by first author, A. Balisani. It was distributed in online Google Forms for doctors and students.
159 Thesurvey consisted of three sections: The first addressing demographic information (age,

160 gender, stage of career), the second regarding Al use (agent used, assessing experience/comfort
161  with forming Al prompts), and the third regarded perceptions and attitudes towards Al, including
162  Likert-scale questions. A pilot was first carried out on 20 individuals to determine potential areas

163  of improvement. The data was collected over a4 month period from July 2024 to October 2024.

164 Sample Size and Sdlection Criteria

165 Participants were recruited using convenience sampling. Our goal was to obtain alarge,

166 diverse, and inclusive sample that accurately represents the broader population. Theinclusion
167 criteriawere medical students and medical graduates. Exclusion criteria were medical school
168  graduates who did not do clinical work and pursued other careers. Participants were recruited
169 through several channels: class representatives and teachers distributed the survey to students,
170 colleagues were asked to share the survey link within their professional networks, and the link
171  wasalso be posted in shared social media group chats for specific professions. Additionally,
172  physical copies of the survey were distributed to healthcare workers in a selection of randomly
173  chosen hospitals and clinicsin Erbil, such as Balsam Private Hospital, Mihrabani Private

174  Hospital, Zanko Private Hospital, and Dr. Shwan’'s Cardiology Clinic.

175  Ethics
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176 Ethical approval was obtained from the Bioethics Committee at the College of Medicine,

177 Hawler Medical University (HMU). In order to ensure confidentiality, a master list of code

178 numbers were employed to replace the subject's name on all documents and labels and in all

179 experimenter discussionsto protect the identity of each participant. A unique alphanumeric

180  number, not derived from personal identifiers was used. The only identifying information that the
181  researcher collected was the consent form.

182 The survey was conducted using either an anonymous online platform or anonymized physical
183  copies. Collected data was stored in Google Docs for approximately four months, until data

184  analysis began.

185 DataAnalysis

186 Datawas analyzed using IBM SPSS Statistics, Version 26.0. Categorical datawas

187 demonstrated as frequencies and percentages. Normality testing (the Shapiro-Wilk test) was
188  conducted for the numerical data, normally distributed data was demonstrated as means £

189  standard deviations while non-normally distributed data was demonstrated as medians

190 (interquartile ranges (IQR)). Normality test for the attitue score variables could not be assessed
191 accurately (W=0.913, P<0.001). Therefore, Mann whitney U tests were conducted to assess

192  difference of the scores between groups that used Al and those that did not. Chi-square tests were
193  applied to categorical data. Statistical significance was considered at p-values < 0.05. Thematic
194  analysis was employed in the qualitative section to determine the general themes found in

195  participants responses. In addition, to ensure rigor and consistency of the qualitative analysis,
196 AB and DZ independently reviewed all 206 open ended responses. Each generated initial codes
197  and proposed themes independently. They then met to compare their analyses, discuss any

198 discrepancies, and reach consensus on the final themes.
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199 The data was used only for this research project and was not disseminated publicly, except in
200 summary form through professional journals or books or scholarly meetings. As per the ethics
201  protocol, individual subjects were not identified and only aggregated data were used for

202  presentation and publication.

203 Results

204  Participant demographics

205 Our study included 368 participants, with a mean age of 27.2 + 8.0 years. The demographic

206 detailsare summarized in Table 1 and Figs. 1 and 2.

207  Table 1. Demographics of the Study Participants.

Characteristic Frequency (n.) Percentage (%)
Gender

Female 178 48.4
Male 190 516
Highest degree of education

Bachelor's degree 210 57.1
Board certification 29 7.9
Diploma 1 0.3
High school 107 29.1
Master's degree 10 2.7
PhD degree 11 3.0

208

209  Figure 1: Stage of Career of Study Participants. 1A Breakdown of whether the Participantsis a Student or

210  Graduate. 1B. Breakdown of Stage of Students and Graduates.

10
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Figure 2. Age Distribution of Study Participants.
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Career aspirations of the participants were evaluated, and the results are summarized in

Figure 3.
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Clinica work [N 49.2%
Non-clinical work | NG 19.3%
Researchwork [ 47.0%
Starting abusinesypractice |GGG 51.1%

Figure 3. Career Aspirations of Study Participants

Attitudes about Al

Overal, 85.6% of the participants indicated that Al should be taught in schools and
universities. Participants were asked to rate from a scale of 1 to 10 how much they agreed with

various statements regarding Al.  Their responses are summarized in Table 2.

Table 2. Mean £ Standar d Deviation (SD) and Median (I nterquartile Range) of Participant
Responses on a Scale of 1 to 10 to Statements Regarding Al.

Statement Mean = SD Median (IQR)

| support the development of Al inmy | 7.2+ 2.2 7(5-9)

field of study

Al will have an impact on my career. 72123 8 (5-9)

Healthcare students need to learn the 79123 8 (6-10)

basics of Al

| understand the ethical implicationsof | 6.0+ 24 6 (5-8)

12
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Al usagein my field.

| feel hopeful about having Al in my 6.7+24 7 (5-8)
field.

| am worried about therole Al will 53+29 5(3-8)
play in my field

Al isatechnology that requires careful | 8.45+ 2.0 9 (7-10)
management.

I’m comfortable/experienced with 71+21 7 (6-8.25)
writing Al prompts

Furthermore, the majority of participants (90.8%) reported using Al. The distribution of Al use

by age is shown in Figure 4. The types of Al used by the participantsis shown in Figure 5.

<20 N 83.3%

20-24 | 93.2%
25-29 | 90.2%

30-34 IR 32.4%

35-39 N 83.3%

> 40 | I 93.8%

13
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231 Figure4. Prevalence of Al Usein Different Age Groups.

90%
80%
70%
60%
50%
40%
30%
20%
10%

232 ChatGPT Gemini  Claude DeepSeek Co-pilot Grok Others

233  Figureb. Prevalence of Use of Different Al Models among Study Participants.

234  Mann Whiteny U tests were conducted to compare the attitude scores between individuals who
235 used Al and those that did not. The results revealed a significant difference between the medians
236  of support for Al (U = 3744.5, P=0.001), thinking that healthcare students need to learn the

237 basicsof Al (U =4022.5, P=0.004) and feeling hopeful about Al (U =4406.5, P=0.03)

238  between the two groups. There were no statistically significant differences between the rest of

239 theattitude scale responses and the use of Al. These findings areillustrated in Figure 6.

14
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10+ S

I feel hopeful about having Al in my field.
i

I I
Use Al Do not use Al

Al use
242
243 Figure 6. Comparing the Attitude Scores between thosethat Use Al and those that did
244 not.
245 Chi-sguare analyses were performed to determine the associations between various subject

246  characteristicsand Al use as well as thinking that Al should be taught in schools universities. We
247  found gender, wanting to pursue one’'s own bus hess/practice to be significantly associated with
248 Al use. Furthermore, wanting to pursue clinical work and one’'s own business/practice both had
249  associations with one’'s opinions regarding the teaching of Al in schools and universities. These

250 aresummarized in Tables 3 and 4.

251 Table 3. Association between Gender and Wanting to Start a Practice/Businesswith the Use

252  of Al.
Characteristic Al use P-value
No, n. (%) Yes, n. (%)
Gender

16
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Female 22 (12.4) 156 (87.6) 0.045

Male 12 (6.3) 178 (93.7)

| want to start my own practice/business

No 11 (6.1) 169 (93.9) 0.043

Yes 23(12.2) 165 (87.8)

Table 4. Association between Wanting to Pursue Clinical Work and Wanting to Start a

Practice/Business with Believing Al should be Taught in Schools and Universities.

Characteristic Al should be taught in school S/universities P-value

No, n. (%) Yes, n. (%)

| want to do clinical work

No 19 (10.2) 168 (89.8) 0.018

Yes 34 (18.8) 147 (81.2)

| want to start my own practice/business

No 36 (20.0) 144 (80.0) 0.003

Yes 17 (9.0) 171 (91.0)

Participants were asked about the ethical considerations regarding Al and to respond with their
concerns for Al through open-ended questions. 206 participants provided usable answers to this
prompt. The most prevalent concern was the loss of job opportunities for medical professionals,
followed by medical professionals becoming over-reliant on Al. These are demonstrated in

Figure7.

17
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Loss of jobs I 33.0%
Overdianceon Al NI 22.8%
Al mistakes and their concequences I 13.1%
Misuse I 11.7%
Misinformation NN 15.5%
Lack of human element IEEEEEEEE—————_ 15.0%
Patient privacy I 15.0%
Responsibility for mistakes mm— 4.4%
Academic plagirism mm 3.9%
Others I 5 8%

Figure 7. Concerns and Ethical Considerations Regarding Al among Study Participants

Qualitative data analysis:

To contextualize the quantitative findings and explore the reasoning behind participants
attitudes, we analyzed 206 open-ended responses (56% of the total sample) regarding their
hopes, concerns, and ethical considerations about Al in medicine. The qualitative analysis

revealed 2 key themes: Guarded optimism and concerns and ethical implications.

1. Guarded Optimism

More than half of the study participants, spanning all ages and career stages, expressed a
sense of hope regarding the role Al may play in their field. Reflections such as“Helps me learn
at a significantly faster rate, make fewer mistakes, do most of the repetitive, boring tasks for me
so | can focus on the more important aspects of medicine,” reported by a 50-60-year-old
specialist, and “It can help me stay updated about recent guidelines and having fast accessto
knowledge.” reported by ajunior house officer in their early 20’s, illustrate a broadly optimistic

outlook toward Al across generations.
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277 Medical students, in particular, conveyed considerable enthusiasm, both for Al’s potential to
278  enhance their education and to support their future careers. For instance, one 3rd year student
279  stated, “It would definitely increase the speed of devel opment of research, diagnostics, treatment
280 plansand their efficiency.” A 6th year student noted, “ Al algorithms excel at analyzing medical
281 imageslike ultrasounds, MRIs, and mammograms. They can detect subtle patterns that might be
282  missed by the human eye...” Smilarly, a4th year student shared, “ There are many topicsin

283 medicine that are hard to understand but Al makesthemeasier,” while a 5th year student

284  emphasized, “ Al can make the task of gathering information from different sources and medical

285  bookseaser.”

286 Despite this optimism, some students expressed reservations, most notably regarding the
287  possibility of Al replacing physicians. One 5th year student remarked, “1'm not sure in one hand
288 it will be helpful but also I'mworried it will replace my role as physician.” A 6th year student
289  stated, “Not hopeful, | don't find it useful!” while another 6th year student commented, “ Yes, it

290 helpsusin many ways, but at the same time the thought of replacing us makes me worry.”

291 Recently graduated doctors working as junior house officers (JHOs) and senior house officers
292  (SHOs) similarly demonstrated optimism, particularly regarding Al’s potential to reduce

293  workload, save time, and streamline clinical responsihbilities. lllustrative responses include: “It
294  aidsmein doing difficult tasks easily.” (JHO); “It would aid medical care and especially

295 diagnosis and reduce the load on healthcare workers.” (JHO); “Due to large amount of

296 information, | needed to memorize regarding different medicines, it could be confusing

297  sometimes, so having Al with being a reminder isjust hopeful to prevent side effects or negative

298 consequences.” (SHO); and “ It helps you to not waste your time on uselessthings.” (SHO).
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299 Nevertheless, caution was also evident among medical graduates. Concerns centered on the
300 reiability of Al-generated information and its potential impact on professional devel opment. One
301 JHO stated, “I never trust anything other than human beings to be Healthcare provider,” while
302 an SHO reflected, “It may help me now but it can make me dumber since | don’t do as much

303 research asbefore so | can only assume how it is for the others.”

304 Specialists likewise expressed optimism about Al’s integration into clinical practice. An
305 orthopedic surgeon noted, “Because it gives the prospect of better healthcare to people.” A
306 pediatrician commented, “It will help with the quick and plain decisions that need to be taken,”
307  while arheumatologist observed, “Makes tasks easier and more manageable.” An

308 anesthesiologist added, “ Yeah it really has helped me practically in revising some critical

309 information and summarizing important topics for me. It'sliterally like a friend to me.”

310 At the same time, specialists articulated measured concerns. A pediatric surgeon stated,

311 “Can'ttell a definite answer, it depends on putting regulations for using it,” reflecting the

312 importance of governance and oversight. A nephrologist described their stance as “neutral, I'm
313 not sure about all the benefitsit can have,” while a general surgeon cautioned, “May be harmful

314  for peopleif they useit without full information and awareness.”

315 Overdl, the findings reveal a prevailing sense of optimism toward Al across all professional
316  stages, tempered by thoughtful concerns regarding regulation, reliability, and the preservation of

317 thephysician’srole.

318 However, caution and worry was also expressed by half of the participants, and we can see

319 that through statements such as “our roles as doctors are threatened”, a 5™ year medical student
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320 and“I'mworriedit’ll lead to a loss of job opportunities’, ajunior house officer and “It may take

321 our jobsasdoctors’ apediatric surgeon. The common theme of concern was loss of jobs.

322 2. Concernsand Ethical Implications

323 Many participants expressed significant concern about the ethical challenges posed by the use
324  of Al in medicine. Issues related to patient privacy and the risk of misinformation emerged as
325 particularly prominent. As one third-year medical student noted, “I cannot rely on only Al's

326 information and advice for the health of people,” while a fourth-year student emphasized that
327  “Privacy of data will bein question.” These concerns were echoed by a fifth-year medical

328  student, who stated that “using Al in medicine affects patient privacy, safety, and trust. Doctors
329 must make sure Al tools are accurate, fair, and used in the right way, without replacing human

330  judgment.”

331 Junior doctors voiced similar apprehensions, particularly regarding the potential for Al-

332  generated misinformation to cause patient harm and the risk of breachesin confidentiality. As
333 oneexplained, “Because it involves patient privacy, informed consent, data security, and

334  ensuring Al supports not replaces human judgment.” Another junior doctor highlighted the

335 professional implications of overreliance on Al, stating, “ Depending on Al and only believing in
336 theinformation it provides means not believing in your own knowledge as a doctor, and

337  sometimes this knowledge determines the fate of someone.” Such perspectives were commonly

338  shared among junior doctors.

339  Additionally, many junior doctors raised concerns about accountability in the event of Al-related
340 errors. One JHO questioned, “For example what if the Al makes a mistake, then who would be

341 responsble?”
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342 Among SHOs and specialists, comparable concerns were expressed regarding data privacy
343 and patient safety. One participant cautioned that “ Entering the data and information of the
344  patient into Al can compromise their privacy,” while another warned that “Private data is not
345  secureon Al servers. Also, Using Al guidance without fact checking leads to errorsand

346  malpractice.”

347 In contrast, aminority of participants perceived fewer ethical concerns associated with Al use.
348  Onejunior doctor reflected, “It might be seen that ethically that doctors should not use Al they
349  should depend on their information to treat the patient, but | don't seeit like that, few decades
350 ago doctorswere only using their hands and few devices to diagnose the patients, nowadays they
351 usealot of investigations, then what is wrong with development and using Al to serve the benefit
352  of patients?’ Similarly, a pediatric surgeon described a supportive role for Al, stating, “I useit

353 for self-reassurance to treat my patients better.”

354 These qualitative insights illuminate the quantitative pattern of cautious optimism, that is

355  while participants across all career stages recognize Al's potential to enhance learning, streamline
356 clinical work, and improve patient care, they simultaneously wrestle with profound questions
357  about professional identity, patient safety, accountability, and the preservation of human

358 judgment in an increasingly automated future.

359
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360 Discussion

361 Key Findings

362 This study isthe first to examine the attitudes and perceptions of medical students and
363  healthcare professionals toward artificial intelligencein Erbil, Irag. The findings indicate that Al
364  useiswidespread among participants, particularly among younger adults and male respondents.

365  Chat GPT isthe most commonly used Al among the participants.

366 Participants were asked to rate their agreement regarding various statements about Al. In

367 genera, high scores were noted for statements expressing support for Al development, its

368 necessity for healthcare students and medical professionals, and hope for its role in healthcare
369 going into the future, as well as high scores for statements regarding the need for careful

370 management of Al technology and participants expressing a comparatively low understanding of
371 theethical implications of Al technology in healthcare. Support and hope regarding the

372 integration of Al into healthcare, as well as thinking that healthcare students should learn the

373 basicsof Al were stronger among individuals who used Al.

374 Parti cipants supported the inclusion of Al education in schools and universities, with
375  especially strong support from those intending to start their own practices or businesses later in
376 their careers. At the same time, concerns about potential job displacement and the risk of

377  physicians becoming overly reliant on Al emerged as the primary reservations.

378 Qualitative analysis reveal ed themes of optimism regarding Al and itsrole in healthcare going
379 forward, with potential improvementsin streamlining the work of healthcare workers, saving
380 timeto allow healthcare providers to have more time with patients, and improving diagnostics

381  and patient management. However, along with that optimism, a need for caution was expressed
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382 by the respondents, who stated concerns regarding patient privacy, handling misinformation, the
383  potential erosion of physician skillsin the face of overreliance on Al, the replacement of

384 physiciansin healthcare, and potential ethical issues.

385 Implications of Findings

386 The findings have strong implications for both the healthcare system and medical education.
387 Thewidespread use of Al by both students and professionals alike, especially among the male
388 gender, acrossall the stages of training, underscores the need to incorporate Al into medical
389 curricula. The high level of support for Al integration in healthcare, together with feglings of
390 hoperegarding its potential benefits and understanding its ethical implications, suggests that
391 studentsare likely to be receptive to formal Al education. Such integration may contribute to

392  greater efficiency in medical education, research, and clinical practice.

393 In addition, familiarity with Al and prior experience using Al tools were associated with more
394 favorable attitudes toward its adoption. This finding suggests that increased exposure to Al
395 through structured educational programs may help reduce resistance and foster acceptance

396 among individuals who may initially hold negative perceptions of the technology.

397 The results also indicate that Al may support the development of critical thinking and

398 problem-solving skills, as participants with entrepreneurial ambitions were more likely to

399 endorsetheinclusion of Al in medical education. At the same time, concerns regarding job
400 displacement and the ethical implications of Al highlight the need for ongoing conversation
401  about the concerns of healthcare personnel regarding Al during its early stages, ensuring issues

402  such as patient privacy, safety, and personnel replacement are addressed going forward with the
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403 incorporation of Al into medical care, as well as the importance of establishing clear regulatory

404  frameworks and incorporating ethical training alongside Al related curricula
405 Literature Comparison

406 The mgjority of medical professionals and studentsin this study (90.8%) reported using Al,
407  and males were more likely to use Al than females. A recent study from Jordan reported the

408 frequency by which medical studentsused Al for various application, and on average only 22.3%
409  of their participants reported never having used Al for purposes such as exam preparation,

410  assignments, research, brainstorming, etc.” Furthermore, a study from Saudi Arabia showed that
411  93% of students were familiar with the use of Chat GPT, and that similarly, males used Chat

412  GPT and other forms of Al more than females. *® Furthermore, Duan et al. also reported a gender
413 differencein Al usage, with male students being more enthusiastic than female students.™

414  Hence, the usagerate for Al in Kurdistan is comparable to other parts of the region.

415 The mgjority of medical professionals and medical students (85.6%) in this survey think there
416 isaneed for Al education in medical curriculums. We found that participants being uninterested
417  inclinical work and those that are looking to pursue their own practice/business were statistically
418 morelikely to bein favor of teaching Al in universities. Teng et al reported that 64.8% of their
419 participants thought Al should be part of the medical curriculum.*® Furthermore, the responders
420 intheir sample that were interested in pursuing research or business had a more positive outlook
421  onAl compared to those that were more interested in pursuing clinical work.'® A study

422  conducted in the UK showed that most participants thought Al-related education would be

423  beneficial in their future, and most also agreed medical students need Al-training as part of their
424 curriculum.® A survey conducted in Germany showed that 70.1% of medical students thought Al

425  training needs to be included in their medical education.?! Hoffman et al reported that healthcare
25
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426  workersin general lack training regarding Al and see great necessity in Al training, particularly
427  inareasof application and ethical considerations.?? Furthermore, comparisons made to regional
428  studiesaswell, such as Hawal et al, in a study done in Oman on medical undergraduates and
429  faculty, reported a substantial proportion of their students and faculty believing that Al-related
430 trainingis necessary in medicine, and they also reported opinions that the healthcare system in
431  their country was unprepared for the future integration of Al.*> Al-Qerem et al revealed 75% of
432  their participants thought healthcare students should learn the basics of Al.*” Thus, healthcare
433  personne in our region echo international sentiments of feeling unprepared for the future of
434  healthcare regarding Al integration and feeling the necessity of incorporating Al training into

435 medical education.

436 Regarding participants attitudes towards Al, Teng et al reported an overall positive outlook on
437  thedevelopment of Al and its incorporation into healthcare.® The medical studentsin this

438  sample expressed similar sentiments to the medical personnel and undergraduates in our region
439  with mean scores of around 7 for statements regarding support for Al development and the need
440 for Al education, even higher scores regarding the need for careful management of Al, and a
441  relatively low score for statements of understanding the ethical implications of Al in healthcare.*®
442  However, their sample had dlightly lower scores for being hopeful about Al and a higher mean
443  scores about believing Al will beimpactful in their fields.'® This difference could be attributed to
444  thelack of exposureto Al in our region, hence healthcare professionals in our region are less
445  familiar with the potential consequences of Al involvement in medicine and simultaneously may
446  underestimate the impact Al could potentially have on their fields. Physicians in Germany

447  reported mostly positive sentiments towards the involvement of Al in medicine aswell, with

448 most believing Al will shape the future of medicine and Al shows high potential to improve
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449  patient care, and most participants also thought that Al required thorough scientific evaluation
450 before being implemented in healthcare, and thereis aneed for training in Al for medical

451  personne.?* Pinto et al reported that most participants agree Al can revolutionize and improve
452  medicine? Hoffman et a similarly demonstrated that healthcare personnel generally agree that
453 Al canimprove patient care, clinical decision making, and healthcare outcomes in their fields.?
454 A substantial proportion of newly graduated Physicians in Saudi Arabia agreed that Al will

455  significantly impact healthcare.®® Hence, it seems theinternationally positive attitudes towards
456  thefuture of medicine and Al are reflected by the healthcare professionals and undergraduates of

457  our region.

458 Regarding concerns for Al, Jackson et al, in asurvey in India, examined concerns expressed
459 by medical students and found more than half were worried about patient confidentiality when
460 Al isinvolved, and a majority expressed that Al could reduce the human aspect of healthcare and
461  adversely affect patient-clinician connections and patient trust.?® A SaudiaArabia study on newly
462  graduated physicians revealed apprehension regarding privacy invasions, loss of job

463  opportunities, and worries about the ethical considerations of Al involvement in clinical

464  decision-making.®

465 Regarding the qualitative analysis themes, Teng et al found in their qualitative analysis similar
466  themes of cautious optimism for the future of Al and medicine, as well as themes of worry for
467  being replaced by Al agents'™®. A qualitative survey from the United Kingdom demonstrated that
468 most healthcare professionals thought Al could prove very useful in their fields, and asimilar
469  proportion of participants showed concerns about data privacy as well, with a small proportion

470  (10%) of these responders being concerned about their jobs being replaced.?’” Thus, it seems the
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471  attitudes, perceptions and concerns of our locale are areflection of the international healthcare

472  community at large.

473 To our knowledge, few studies exist exploring the perspectives and attitudes of healthcare
474  personnel regarding Al and itsrole in healthcare, particularly in Erbil, hence this data provides
475  vauableinsight. In addition, we adopted a multi-centric approach to data collection to provide a

476  more representative sample.

477  Limitations

478 The main limitations of this study are that we collected data only from medical students and
479  professionals based in Erbil, Irag. This makes the data less generalizable to the entire region of
480 Irag and its healthcare system as a whole. Furthermore, medical graduates, particularly JHOs,

481  were overrepresented in this survey.

482 Conclusion

483 This survey provides valuable insight into an ever-advancing technology with almost

484  inevitable implications for the future of healthcare. While medical students and physicians alike
485  expressed guarded optimism for the role of Al in healthcare's future, therewas, in general, a
486  dissatisfaction with their understanding of the ethical implications of Al in healthcare. In

487  addition, the need for Al education in healthcare curriculums was highlighted by most

488  participants. These findings highlight the importance of introducing Al into Irag’s medical

489  education system to better prepare future doctors for its growing rolein clinical practice.

490 Potential areas of interest for Al education in medicine could include introductory courses on the

491 technology as awhole, areas of application for Al, and courses on proper security and safety
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492  procedure with Al use. In addition, future research could delineate the deficiencies healthcare

493  providers have when it comesto Al to better determine where this education can be best targeted.

494
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