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Abstract 23 

Background:  Artificial Intelligence (AI) is increasingly integrated into healthcare systems 24 

worldwide and medical schools worldwide have begun integrating AI into their curricula. The 25 

healthcare system in Iraq is currently undergoing development and AI has not yet been adopted 26 

in clinical practice in Erbil; in addition, no formal AI instruction has been incorporated into the 27 

medical education curriculum.  The aim of this study was to assess knowledge levels, attitudes, 28 

and perceptions regarding AI among medical students and healthcare professionals in Erbil, 29 

Kurdistan Region of Iraq. 30 

Methods: A mixed-methods survey was distributed to medical students and residents in Erbil, 31 

Kurdistan Region of Iraq. The survey was adapted from Teng et al, and modified to reflect the 32 

local context.  The survey was translated into Kurdish and Arabic.  Convenience sampling was 33 

used.  Statistical analysis was conducted using IBM SPSS (Statistical Package for Social 34 

Sciences), Version 26.0. Chi-square and Fisher’s exact tests were used to test associations 35 

between categorical variables. Mann Whitney U test was used to compare mean ranks between 36 

groups in the non-normally distributed data. A P value <0.05 was considered statistically 37 

significant. Thematic analysis was applied to open-ended qualitative responses by two 38 

independent reviewers.  39 

Results: A total of 368 participants participated in this study.  The majority (85.6%) of 40 

participants felt that AI should be taught in schools and universities, and 90.8% reported using 41 

AI. ChatGPT was by far the most commonly used AI tool (85.3%). Participants aged 20-24 years 42 

(93.2%) and 25-29 years (90.2%)  showed the highest prevalence of using AI. Participants that 43 

used AI previously, had higher scores for support for AI development in their field (U = 3744.5, 44 
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P=0.001), feelings of hope towards AI in their field (U = 4406.5, P = 0.004) and thinking that 45 

students should learn the basics of AI (U = 4022.5, P = 0.03). Male participants were more likely 46 

to use AI in comparision with women (P=0.045).  The most common concern regarding AI was 47 

loss of jobs (33.0%), followed by overreliance on AI (22.8%). Qualitative analysis revealed 48 

themes of guarded optimism, and concerns regarding the ethical implications of AI use in 49 

medicine.  50 

Conclusion: Medical students and physicians in Erbil are early adopters of AI in spite of any 51 

formal training. In parralel, most participants expressed dissatisfaction with their understanding 52 

of the ethical implications of AI in healthcare and emphasized the need for formal AI education 53 

in healthcare curricula. The majority of participants expressed guarded optimism regarding the 54 

future of AI in healthcare.  A gender gap in AI was identified, consistent with global trends with 55 

implications for professional equity.  56 

 57 

 58 
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     Artificial Intelligence (AI) is increasingly being integrated into healthcare systems worldwide, 65 

influencing clinical decision-making, patient care and diagnostics.1  AI technologies have been 66 

applied in a wide range of medical domains, including providing the highest standard of patient 67 

care, streamline clinical workflow and improve diagnostics.2  Several medical specialties 68 

including radiology, pathology, and dermatology have already demonstrated substantial potential 69 

for AI integration.3,4  As AI becomes more widely incorporated into healthcare systems, 70 

healthcare professioinals are increasingly expected to understand their capabilities, limitations, 71 

and ethical implications in order to use them safely and effectively in clinical practice. 72 

     In many countries, AI-based technologies are already being integrated into clinical 73 

workflows.   In countries such as France, Hungary, Portugal, the Netherlands, and Sweden, these 74 

tools are used to support  diagnostic decision-making, patient support through chatbot 75 

technologies, and  the use of AI to enhance the efficiency of administrative and logistical 76 

processes.5.   In parrallel, healthcare systems facing workforce shortages and increasing patient 77 

demands have explored AI applications to improve efficiency, expand virtual care, and support 78 

clinical services.6 79 

AI in Medical Education 80 

     Beyond clinical practice, AI is also reshaping how future healthcare professionals are trained. 81 

Medical schools worldwide have begun integrating AI into their curricula, recognizing the need 82 

to prepare future physicians to work alongside these technologies.  Many medical schools have 83 

been incorporating AI related content with the aim of equipping students with foundational 84 

knowledge in machine learning, improving understanding of how AI algorithms function, and the 85 

skills required to critically evaluate AI-generated outputs in clinical practice. 12,13  86 
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     The potential applications of AI in medical education are extensive and address several 87 

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

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

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

inconsistencies.¹� Key applications of AI in medical education include virtual simulations and 91 

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

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

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

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

materials in response to individual student performance and learning needs. Natural language 96 

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

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

evaluation systems assist educators by supporting the grading of assignments, assessing clinical 99 

competencies, and identifying students who may be at risk of academic underperformance or 100 

attrition.14 101 

 Healthcare system in Erbil/Iraq 102 

     The healthcare system in Iraq continues to undergo development, although digitization and AI 103 

integration remain limited. In Erbil, a city in northern Iraq, there are 59 hospitals, comprising 104 

both public and private institutions.7  Hospital capacities in Erbil vary, ranging from smaller 105 

hospitals with 40-bed capacities to larger institutions accommodating up to 10,000 patients.8 106 

Overall, Erbil has a capacity of approximately 2 hospital beds per 1,000 population.9 The 107 

majority of hospital admissions in Erbil are related to non-communicable diseases,10 with other 108 

common causes including trauma and communicable diseases. 109 
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    Despite the growing interest in technological advancements, most hospitals and clinics in Erbil 110 

have yet to digitize patient records. 11 Currently, patient histories, operation notes, medication 111 

charts, follow-up documentation, and discharge summaries are all handwritten by either doctors 112 

or nurses.  113 

        At present, AI is not utilized in clinical practice in Erbil, despite its growing adoption in 114 

healthcare systems globally. This lag in implementation, however, does not imply that healthcare 115 

professionals and students in Erbil are unaware of or uninterested in these technologies. While AI 116 

has not been formally integrated into medical training, educational methods in the region have 117 

largely embraced digitalization. Professors typically provide lectures in digital format such as 118 

PowerPoint presentations and PDFs, which students access through tablets, smartphones, and 119 

laptops. This contrast in the use technology between university and hospital settings may be 120 

attributable to several factors. Although data on this issue is limited, it is plausible that 121 

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

implementing electronic databases for patient management. Furthermore, universities often offer 123 

workshops and training sessions to help staff adjust to technological advancements, whereas 124 

such support is generally lacking in hospitals. 125 

    In recent years, there has been a notable increase in students’ interest in AI applications, with 126 

many turning to tools like ChatGPT to assist with writing, problem-solving, and completing 127 

assignments. While there is limited data on this phenomenon in Erbil specifically, a study 128 

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

toward incorporating ChatGPT into their educational practices.15  130 

     This informal adoption of AI tools among students in Erbil, occurring without formal 131 

guidance or ethical frameworks, mirrors patterns observed in other settings where technology 132 
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access has outpaced institutional adaptation. However, the specific context of Erbil, where 133 

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

practice, creates unique challenges for workforce preparation.  Despite the growing interest, no 135 

formal AI classes have been integrated into the medical education curriculum, nor have AI tools 136 

been utilized for student learning formally. 137 

Rationale and Aim 138 

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

education, rapid global advancements suggest that its integration is inevitable. To ensure future 140 

readiness, it is essential that medical students and healthcare professionals develop an informed 141 

understanding of AI applications, limitations, and ethical implications. Establishing a baseline 142 

assessment of knowledge, attitudes, and perceptions toward AI is a critical step in guiding 143 

curriculum development and targeted educational interventions. 144 

    Despite the growing interest and informal use of AI tools among students, no formal AI 145 

classes have been integrated into the medical education curriculum, nor have AI tools been 146 

utilized for student learning in a structured manner. This disconnect between informal adoption 147 

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

     Therefore, the aim of this study was to assess the level of knowledge, as well as the attitudes 149 

and perceptions regarding AI among medical students and healthcare professionals in Erbil, 150 

Kurdistan Region of Iraq. 151 

Methods 152 

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

Data Collection 155 

     We adapted a survey previously used by Teng et al.¹6, modifying some questions to better fit 156 

the Iraqi context. The survey was translated into Kurdish by co-author D. Zand and into Arabic 157 

by first author, A. Balisani. It was distributed in online Google Forms for doctors and students. 158 

The survey consisted of three sections: The first addressing demographic information (age, 159 

gender, stage of career), the second regarding AI use (agent used, assessing experience/comfort 160 

with forming AI prompts), and the third regarded perceptions and attitudes towards AI, including 161 

Likert-scale questions. A pilot was first carried out on 20 individuals to determine potential areas 162 

of improvement. The data was collected over a 4 month period from July 2024 to October 2024. 163 

Sample Size and Selection Criteria 164 

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

diverse, and inclusive sample that accurately represents the broader population. The inclusion 166 

criteria were medical students and medical graduates. Exclusion criteria were medical school 167 

graduates who did not do clinical work and pursued other careers. Participants were recruited 168 

through several channels: class representatives and teachers distributed the survey to students, 169 

colleagues were asked to share the survey link within their professional networks, and the link 170 

was also be posted in shared social media group chats for specific professions. Additionally, 171 

physical copies of the survey were distributed to healthcare workers in a selection of randomly 172 

chosen hospitals and clinics in Erbil, such as Balsam Private Hospital, Mihrabani Private 173 

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

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

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

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

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

number, not derived from personal identifiers was used. The only identifying information that the 180 

researcher collected was the consent form. 181 

    The survey was conducted using either an anonymous online platform or anonymized physical 182 

copies. Collected data was stored in Google Docs for approximately four months, until data 183 

analysis began. 184 

Data Analysis 185 

    Data was analyzed using IBM SPSS Statistics, Version 26.0. Categorical data was 186 

demonstrated as frequencies and percentages. Normality testing (the Shapiro–Wilk test) was 187 

conducted for the numerical data, normally distributed data was demonstrated as means ± 188 

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

(interquartile ranges (IQR)). Normality test for the attitue score variables could not be assessed 190 

accurately (W=0.913, P <0.001). Therefore, Mann whitney U tests were conducted to assess 191 

difference of the scores between groups that used AI and those that did not. Chi-square tests were 192 

applied to categorical data. Statistical significance was considered at p-values < 0.05. Thematic 193 

analysis was employed in the qualitative section to determine the general themes found in 194 

participants’ responses. In addition, to ensure rigor and consistency of the qualitative analysis, 195 

AB and DZ independently reviewed all 206 open ended responses. Each generated initial codes 196 

and proposed themes independently. They then met to compare their analyses, discuss any 197 

discrepancies, and reach consensus on the final themes.  198 
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    The data was used only for this research project and was not disseminated publicly, except in 199 

summary form through professional journals or books or scholarly meetings. As per the ethics 200 

protocol, individual subjects were not identified and only aggregated data were used for 201 

presentation and publication.   202 

Results 203 

Participant demographics 204 

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

details are summarized in Table 1 and Figs. 1 and 2. 206 

Table 1. Demographics of the Study Participants. 207 

Characteristic Frequency (n.) Percentage (%) 

Gender 

Female 178 48.4 

Male 190 51.6 

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 

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

Graduate. 1B. Breakdown of Stage of Students and Graduates. 210 
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 211 

 212 

Figure 2. Age Distribution of Study Participants. 213 

 214 

 215 

     Career aspirations of the participants were evaluated, and the results are summarized in 216 

Figure 3. 217 
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 218 

Figure 3. Career Aspirations of Study Participants 219 

Attitudes about AI 220 

     Overall,  85.6% of the participants indicated that AI should be taught in schools and 221 

universities.  Participants were asked to rate from a scale of 1 to 10 how much they agreed with 222 

various statements regarding AI.  Their responses are summarized in Table 2.  223 

Table 2. Mean ± Standard Deviation (SD) and Median (Interquartile Range) of Participant 224 

Responses on a Scale of 1 to 10 to Statements Regarding AI. 225 

Statement Mean ± SD Median (IQR) 

I support the development of AI in my 

field of study 

7.2 ± 2.2 7 (5-9) 

AI will have an impact on my career. 7.2 ± 2.3 8 (5-9) 

Healthcare students need to learn the 

basics of AI 

7.9 ± 2.3 8 (6-10) 

I understand the ethical implications of 6.0 ± 2.4 6 (5-8) 

49.2%

19.3%

47.0%

51.1%

Clinical work

Non-clinical work

Research work

Starting a business/practice
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AI usage in my field. 

I feel hopeful about having AI in my 

field. 

6.7 ± 2.4 7 (5-8) 

I am worried about the role AI will 

play in my field 

5.3 ± 2.9 5 (3-8) 

AI is a technology that requires careful 

management. 

8.45 ± 2.0 9 (7-10) 

I’m comfortable/experienced with 

writing AI prompts 

7.1 ± 2.1 7 (6-8.25) 

 226 

Furthermore, the majority of participants (90.8%) reported using AI. The distribution of AI use 227 

by age is shown in Figure 4. The types of AI used by the participants is shown in Figure 5.  228 

 229 
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Figure 4. Prevalence of AI Use in Different Age Groups. 231 

 232 

Figure 5. Prevalence of Use of Different AI Models among Study Participants.  233 

Mann Whiteny U tests were conducted to compare the attitude scores between individuals who 234 

used AI and those that did not. The results revealed a significant difference between the medians 235 

of support for AI (U = 3744.5, P=0.001), thinking that healthcare students need to learn the 236 

basics of AI (U = 4022.5, P = 0.004) and feeling hopeful about AI (U = 4406.5, P = 0.03) 237 

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

the attitude scale responses and the use of AI. These findings are illustrated in Figure 6. 239 
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A.  240 

B.  241 
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 242 

Figure 6. Comparing the Attitude Scores between those that Use AI and those that did 243 

not. 244 

    Chi-square analyses were performed to determine the associations between various subject 245 

characteristics and AI use as well as thinking that AI should be taught in schools universities. We 246 

found gender, wanting to pursue one’s own business/practice to be significantly associated with 247 

AI use. Furthermore, wanting to pursue clinical work and one’s own business/practice both had 248 

associations with one’s opinions regarding the teaching of AI in schools and universities. These 249 

are summarized in Tables 3 and 4. 250 

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

of AI. 252 

Characteristic AI use P-value 

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

Gender 

e 

se 
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Female 22 (12.4) 156 (87.6) 0.045 

Male 12 (6.3) 178 (93.7) 

I want to start my own practice/business 

No 11 (6.1) 169 (93.9) 0.043 

Yes 23 (12.2) 165 (87.8) 

 253 

Table 4. Association between Wanting to Pursue Clinical Work and Wanting to Start a 254 

Practice/Business with Believing AI should be Taught in Schools and Universities. 255 

Characteristic AI should be taught in schools/universities P-value 

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

I want to do clinical work 

No 19 (10.2) 168 (89.8) 0.018 

Yes 34 (18.8) 147 (81.2) 

I want to start my own practice/business 

No 36 (20.0) 144 (80.0) 0.003 

Yes 17 (9.0) 171 (91.0) 

 256 

    Participants were asked about the ethical considerations regarding AI and to respond with their 257 

concerns for AI through open-ended questions. 206 participants provided usable answers to this 258 

prompt. The most prevalent concern was the loss of job opportunities for medical professionals, 259 

followed by medical professionals becoming over-reliant on AI. These are demonstrated in 260 

Figure 7.  261 
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 262 

Figure 7. Concerns and Ethical Considerations Regarding AI among Study Participants 263 

Qualitative data analysis:  264 

     To contextualize the quantitative findings and explore the reasoning behind participants' 265 

attitudes, we analyzed 206 open-ended responses (56% of the total sample) regarding their 266 

hopes, concerns, and ethical considerations about AI in medicine. The qualitative analysis 267 

revealed 2 key themes: Guarded optimism and concerns and ethical implications. 268 

1. Guarded Optimism  269 

     More than half of the study participants, spanning all ages and career stages, expressed a 270 

sense of hope regarding the role AI may play in their field. Reflections such as “Helps me learn 271 

at a significantly faster rate, make fewer mistakes, do most of the repetitive, boring tasks for me 272 

so I can focus on the more important aspects of medicine,” reported by a 50-60-year-old 273 

specialist, and “It can help me stay updated about recent guidelines and having fast access to 274 

knowledge.” reported by a junior house officer in their early 20’s, illustrate a broadly optimistic 275 

outlook toward AI across generations. 276 
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     Medical students, in particular, conveyed considerable enthusiasm, both for AI’s potential to 277 

enhance their education and to support their future careers. For instance, one 3rd year student 278 

stated, “It would definitely increase the speed of development of research, diagnostics, treatment 279 

plans and their efficiency.” A 6th year student noted, “AI algorithms excel at analyzing medical 280 

images like ultrasounds, MRIs, and mammograms. They can detect subtle patterns that might be 281 

missed by the human eye…” Similarly, a 4th year student shared, “There are many topics in 282 

medicine that are hard to understand but AI makes them easier,” while a 5th year student 283 

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

books easier.” 285 

     Despite this optimism, some students expressed reservations, most notably regarding the 286 

possibility of AI replacing physicians. One 5th year student remarked, “I'm not sure in one hand 287 

it will be helpful but also I'm worried it will replace my role as physician.” A 6th year student 288 

stated, “Not hopeful, I don’t find it useful!” while another 6th year student commented, “Yes, it 289 

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

     Recently graduated doctors working as junior house officers (JHOs) and senior house officers 291 

(SHOs) similarly demonstrated optimism, particularly regarding AI’s potential to reduce 292 

workload, save time, and streamline clinical responsibilities. Illustrative responses include: “It 293 

aids me in doing difficult tasks easily.” (JHO); “It would aid medical care and especially 294 

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

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

sometimes, so having AI with being a reminder is just hopeful to prevent side effects or negative 297 

consequences.” (SHO); and “It helps you to not waste your time on useless things.” (SHO). 298 
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     Nevertheless, caution was also evident among medical graduates. Concerns centered on the 299 

reliability of AI-generated information and its potential impact on professional development. One 300 

JHO stated, “I never trust anything other than human beings to be Healthcare provider,” while 301 

an SHO reflected, “It may help me now but it can make me dumber since I don’t do as much 302 

research as before so I can only assume how it is for the others.” 303 

     Specialists likewise expressed optimism about AI’s integration into clinical practice. An 304 

orthopedic surgeon noted, “Because it gives the prospect of better healthcare to people.” A 305 

pediatrician commented, “It will help with the quick and plain decisions that need to be taken,” 306 

while a rheumatologist observed, “Makes tasks easier and more manageable.” An 307 

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

information and summarizing important topics for me. It’s literally like a friend to me.” 309 

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

“Can’t tell a definite answer, it depends on putting regulations for using it,” reflecting the 311 

importance of governance and oversight. A nephrologist described their stance as “neutral, I’m 312 

not sure about all the benefits it can have,” while a general surgeon cautioned, “May be harmful 313 

for people if they use it without full information and awareness.” 314 

     Overall, the findings reveal a prevailing sense of optimism toward AI across all professional 315 

stages, tempered by thoughtful concerns regarding regulation, reliability, and the preservation of 316 

the physician’s role. 317 

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

that through statements such as “our roles as doctors are threatened”, a 5th year medical student 319 
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and “I’m worried it’ll lead to a loss of job opportunities”, a junior house officer and “It may take 320 

our jobs as doctors” a pediatric surgeon. The common theme of concern was loss of jobs.  321 

2. Concerns and Ethical Implications 322 

     Many participants expressed significant concern about the ethical challenges posed by the use 323 

of AI in medicine. Issues related to patient privacy and the risk of misinformation emerged as 324 

particularly prominent. As one third-year medical student noted, “I cannot rely on only AI's 325 

information and advice for the health of people,” while a fourth-year student emphasized that 326 

“Privacy of data will be in question.” These concerns were echoed by a fifth-year medical 327 

student, who stated that “using AI in medicine affects patient privacy, safety, and trust. Doctors 328 

must make sure AI tools are accurate, fair, and used in the right way, without replacing human 329 

judgment.” 330 

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

generated misinformation to cause patient harm and the risk of breaches in confidentiality. As 332 

one explained, “Because it involves patient privacy, informed consent, data security, and 333 

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

professional implications of overreliance on AI, stating, “Depending on AI and only believing in 335 

the information it provides means not believing in your own knowledge as a doctor, and 336 

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

shared among junior doctors. 338 

Additionally, many junior doctors raised concerns about accountability in the event of AI-related 339 

errors. One JHO questioned, “For example what if the AI makes a mistake, then who would be 340 

responsible?” 341 
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     Among SHOs and specialists, comparable concerns were expressed regarding data privacy 342 

and patient safety. One participant cautioned that “Entering the data and information of the 343 

patient into AI can compromise their privacy,” while another warned that “Private data is not 344 

secure on AI servers. Also, Using AI guidance without fact checking leads to errors and 345 

malpractice.” 346 

     In contrast, a minority of participants perceived fewer ethical concerns associated with AI use. 347 

One junior doctor reflected, “It might be seen that ethically that doctors should not use AI they 348 

should depend on their information to treat the patient, but I don't see it like that, few decades 349 

ago doctors were only using their hands and few devices to diagnose the patients, nowadays they 350 

use a lot of investigations, then what is wrong with development and using AI to serve the benefit 351 

of patients?” Similarly, a pediatric surgeon described a supportive role for AI, stating, “I use it 352 

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

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

while participants across all career stages recognize AI's potential to enhance learning, streamline 355 

clinical work, and improve patient care, they simultaneously wrestle with profound questions 356 

about professional identity, patient safety, accountability, and the preservation of human 357 

judgment in an increasingly automated future. 358 

  359 
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Discussion 360 

Key Findings  361 

     This study is the first to examine the attitudes and perceptions of medical students and 362 

healthcare professionals toward artificial intelligence in Erbil, Iraq. The findings indicate that AI 363 

use is widespread among participants, particularly among younger adults and male respondents. 364 

Chat GPT is the most commonly used AI among the participants.  365 

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

general, high scores were noted for statements expressing support for AI development, its 367 

necessity for healthcare students and medical professionals, and hope for its role in healthcare 368 

going into the future, as well as high scores for statements regarding the need for careful 369 

management of AI technology and participants expressing a comparatively low understanding of 370 

the ethical implications of AI technology in healthcare. Support and hope regarding the 371 

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

basics of AI were stronger among individuals who used AI. 373 

     Participants supported the inclusion of AI education in schools and universities, with 374 

especially strong support from those intending to start their own practices or businesses later in 375 

their careers. At the same time, concerns about potential job displacement and the risk of 376 

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

     Qualitative analysis revealed themes of optimism regarding AI and its role in healthcare going 378 

forward, with potential improvements in streamlining the work of healthcare workers, saving 379 

time to allow healthcare providers to have more time with patients, and improving diagnostics 380 

and patient management. However, along with that optimism, a need for caution was expressed 381 
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by the respondents, who stated concerns regarding patient privacy, handling misinformation, the 382 

potential erosion of physician skills in the face of overreliance on AI, the replacement of 383 

physicians in healthcare, and potential ethical issues. 384 

Implications of Findings  385 

     The findings have strong implications for both the healthcare system and medical education. 386 

The widespread use of AI by both students and professionals alike, especially among the male 387 

gender,  across all the stages of training, underscores the need to incorporate AI into medical 388 

curricula. The high level of support for AI integration in healthcare, together with feelings of 389 

hope regarding its potential benefits and understanding its ethical implications, suggests that 390 

students are likely to be receptive to formal AI education. Such integration may contribute to 391 

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

     In addition, familiarity with AI and prior experience using AI tools were associated with more 393 

favorable attitudes toward its adoption. This finding suggests that increased exposure to AI 394 

through structured educational programs may help reduce resistance and foster acceptance 395 

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

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

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

endorse the inclusion of AI in medical education. At the same time, concerns regarding job 399 

displacement and the ethical implications of AI highlight the need for ongoing conversation 400 

about the concerns of healthcare personnel regarding AI during its early stages, ensuring issues 401 

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

frameworks and incorporating ethical training alongside AI related curricula. 404 

Literature Comparison 405 

     The majority of medical professionals and students in this study (90.8%) reported using AI, 406 

and males were more likely to use AI than females.  A recent study from Jordan reported the 407 

frequency by which medical students used AI for various application, and on average only 22.3% 408 

of their participants reported never having used AI for purposes such as exam preparation, 409 

assignments, research, brainstorming, etc.17 Furthermore, a study from Saudi Arabia showed that 410 

93% of students were familiar with the use of Chat GPT, and that similarly, males used Chat 411 

GPT and other forms of AI more than females. 18 Furthermore, Duan et al. also reported a gender 412 

difference in AI usage, with male students being more enthusiastic than female students.19 413 

Hence, the usage rate for AI in Kurdistan is comparable to other parts of the region. 414 

     The majority of medical professionals and medical students (85.6%) in this survey think there 415 

is a need for AI education in medical curriculums. We found that participants being uninterested 416 

in clinical work and those that are looking to pursue their own practice/business were statistically 417 

more likely to be in favor of teaching AI in universities. Teng et al reported that 64.8% of their 418 

participants thought AI should be part of the medical curriculum.16 Furthermore, the responders 419 

in their sample that were interested in pursuing research or business had a more positive outlook 420 

on AI compared to those that were more interested in pursuing clinical work.16 A study 421 

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

beneficial in their future, and most also agreed medical students need AI-training as part of their 423 

curriculum.20 A survey conducted in Germany showed that 70.1% of medical students thought AI 424 

training needs to be included in their medical education.21 Hoffman et al reported that healthcare 425 
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workers in general lack training regarding AI and see great necessity in AI training, particularly 426 

in areas of application and ethical considerations.22 Furthermore, comparisons made to regional 427 

studies as well, such as Hawal et al, in a study done in Oman on medical undergraduates and 428 

faculty, reported a substantial proportion of their students and faculty believing that AI-related 429 

training is necessary in medicine, and they also reported opinions that the healthcare system in 430 

their country was unprepared for the future integration of AI.23 Al-Qerem et al revealed 75% of 431 

their participants thought healthcare students should learn the basics of AI.17 Thus, healthcare 432 

personnel in our region echo international sentiments of feeling unprepared for the future of 433 

healthcare regarding AI integration and feeling the necessity of incorporating AI training into 434 

medical education. 435 

    Regarding participants attitudes towards AI, Teng et al reported an overall positive outlook on 436 

the development of AI and its incorporation into healthcare.16 The medical students in this 437 

sample expressed similar sentiments to the medical personnel and undergraduates in our region 438 

with mean scores of around 7 for statements regarding support for AI development and the need 439 

for AI education, even higher scores regarding the need for careful management of AI, and a 440 

relatively low score for statements of understanding the ethical implications of AI in healthcare.16 441 

However, their sample had slightly lower scores for being hopeful about AI and a higher mean 442 

scores about believing AI will be impactful in their fields.16 This difference could be attributed to 443 

the lack of exposure to AI in our region, hence healthcare professionals in our region are less 444 

familiar with the potential consequences of AI involvement in medicine and simultaneously may 445 

underestimate the impact AI could potentially have on their fields. Physicians in Germany 446 

reported mostly positive sentiments towards the involvement of AI in medicine as well, with 447 

most believing AI will shape the future of medicine and AI shows high potential to improve 448 
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patient care, and most participants also thought that AI required thorough scientific evaluation 449 

before being implemented in healthcare, and there is a need for training in AI for medical 450 

personnel.24 Pinto et al reported that most participants agree AI can revolutionize and improve 451 

medicine.21 Hoffman et al similarly demonstrated that healthcare personnel generally agree that 452 

AI can improve patient care, clinical decision making, and healthcare outcomes in their fields.22 453 

A substantial proportion of newly graduated Physicians in Saudi Arabia agreed that AI will 454 

significantly impact healthcare.25 Hence, it seems the internationally positive attitudes towards 455 

the future of medicine and AI are reflected by the healthcare professionals and undergraduates of 456 

our region. 457 

    Regarding concerns for AI, Jackson et al, in a survey in India, examined concerns expressed 458 

by medical students and found more than half were worried about patient confidentiality when 459 

AI is involved, and a majority expressed that AI could reduce the human aspect of healthcare and 460 

adversely affect patient-clinician connections and patient trust.26 A Saudia Arabia study on newly 461 

graduated physicians revealed apprehension regarding privacy invasions, loss of job 462 

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

decision-making.25  464 

     Regarding the qualitative analysis themes, Teng et al found in their qualitative analysis similar 465 

themes of cautious optimism for the future of AI and medicine, as well as themes of worry for 466 

being replaced by AI agents16.  A qualitative survey from the United Kingdom demonstrated that 467 

most healthcare professionals thought AI could prove very useful in their fields, and a similar 468 

proportion of participants showed concerns about data privacy as well, with a small proportion 469 

(10%) of these responders being concerned about their jobs being replaced.27 Thus, it seems the 470 
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attitudes, perceptions and concerns of our locale are a reflection of the international healthcare 471 

community at large. 472 

      To our knowledge, few studies exist exploring the perspectives and attitudes of healthcare 473 

personnel regarding AI and its role in healthcare, particularly in Erbil, hence this data provides 474 

valuable insight. In addition, we adopted a multi-centric approach to data collection to provide a 475 

more representative sample.  476 

Limitations 477 

     The main limitations of this study are that we collected data only from medical students and 478 

professionals based in Erbil, Iraq. This makes the data less generalizable to the entire region of 479 

Iraq and its healthcare system as a whole. Furthermore, medical graduates, particularly JHOs, 480 

were overrepresented in this survey.  481 

Conclusion 482 

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

inevitable implications for the future of healthcare. While medical students and physicians alike 484 

expressed guarded optimism for the role of AI in healthcare’s future,  there was, in general, a 485 

dissatisfaction with their understanding of the ethical implications of AI in healthcare. In 486 

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

participants. These findings highlight the importance of introducing AI into Iraq’s medical 488 

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

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

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

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

 494 

References  495 

1. Bajwa J, Munir U, Nori A, Williams B. Artificial intelligence in healthcare: transforming 496 

the practice of medicine. Future Healthc J. 2021;8(2):e188-e94. 497 

2. Chustecki M. Benefits and Risks of AI in Health Care: Narrative Review. Interact J Med 498 

Res. 2024 Nov 18;13:e53616. doi: 10.2196/53616. PMID: 39556817; PMCID: 499 

PMC11612599. 500 

3. Jha S, Topol EJ. Adapting to Artificial Intelligence: Radiologists and Pathologists as 501 

Information Specialists. JAMA. 2016 Dec 13;316(22):2353-2354. doi: 502 

10.1001/jama.2016.17438. PMID: 27898975. 503 

4. Talebi-Liasi F, Markowitz O. Is artificial intelligence going to replace dermatologists? 504 

Cutis. 2020 Jan;105(1):28-31. PMID: 32074153. 505 

5. Dell’Anna A, Yilmaz MC. AI integration in healthcare: Which European countries are at 506 

the forefront? [Internet]. Euronews; 2025 Nov 27 [cited 2026 Feb 3]. Available from: 507 

https://www.euronews.com/my-europe/2025/11/27/ai-integration-in-healthcare-which-508 

european-countries-are-at-the-forefront?utm_source=chatgpt.com 509 

6. Sadam R. India’s Apollo Hospitals bets on AI to tackle staff workload [Internet]. Reuters; 510 

2025 Mar 13 [cited 2026 Feb 3]. Available from: 511 

https://www.reuters.com/business/healthcare-pharmaceuticals/indias-apollo-hospitals-512 

bets-ai-tackle-staff-workload-2025-03-13/?utm_source=chatgpt.com 513 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2026. ; https://doi.org/10.64898/2026.05.27.26354009doi: medRxiv preprint 

https://doi.org/10.64898/2026.05.27.26354009
http://creativecommons.org/licenses/by/4.0/


 
 

30 
 

7. Ministry of Planning. Number of Hospitals(Public and Private) [Internet]. Kurdistan 514 

Region Statistics Office: Kurdistan Regional Government;2023 [2023; 4/6/2025]. 515 

Available from: https://krso.gov.krd/en/indicator/health-and-education/health/number-of-516 

hospitals-public-and-private 517 

8. Hamza J. J, Ahmed H. F, Mohammed H.F, A retrospective Analysis of Annual Mortality 518 

in Rozhhalat Emergency Hospital Erbil- Iraq 2020; 6 (2): 87-100 519 

9. Ministry of Planning. Number Of Beds per 1000 population (public and private) 520 

[Internet]. Kurdistan Region Statistics Office: Kurdistan Regional Government;2023 521 

[2023. 4/6/2025]. Available from: https://krso.gov.krd/en/indicator/health-and-522 

education/health/doctors-per-1000-population  523 

10. World Health Organization (WHO). Noncommunicable Diseases [Internet]. WHO-524 

EMRO: WHO;2025 [2025;4/6/2025]. Available from: 525 

https://www.emro.who.int/iraq/priority-areas/noncommunicable-diseases.html 526 

11. Ghani MKA, Neamah AF. Electronic Health Records Challenges and Barriers in Iraq. 527 

Computer Engineering and Intelligent Systems. 2016;7:1-7. 528 

12. D’Ardenne K. AI makes its way into medical school curriculum [Internet]. Stanford 529 

Medicine; 2025 Sep 22 [cited 2026 Feb 4]. Available from: 530 

https://stanmed.stanford.edu/ai-medical-school-curriculum/?utm_source=chatgpt.com 531 

13. Integrating AI Training into Medical Education [Internet]. HealthIndustryTrends.com; 532 

2024 Oct 24 [cited 2026 Feb 4]. Available from: 533 

https://healthindustrytrends.com/integrating-ai-training-into-medical-534 

education/?utm_source=chatgpt.com 535 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2026. ; https://doi.org/10.64898/2026.05.27.26354009doi: medRxiv preprint 

https://doi.org/10.64898/2026.05.27.26354009
http://creativecommons.org/licenses/by/4.0/


 
 

31 
 

14. Oluwafemidiakhoa. AI and the future of medical education: Training the next generation 536 

of doctors [Internet]. Medium (CodeX); 2024 May 24 [cited 2026 Feb 4]. Available from: 537 

https://medium.com/codex/ai-and-the-future-of-medical-education-training-the-next-538 

generation-of-doctors-0e01508e56e5 539 

15. Hussein AA, Dhari SS. An Investigation of Students’ Perspectives on the Application of 540 

Chat GPT as an Academic Tool: A Case Study at HIUC . ZAC Conf. Ser.: Soc. Sci. and 541 

Hum. [Internet]. 2024 Oct. 20 [cited 2025 Jun. 4];1(1):6-14. Available from: 542 

https://conf.zenithacademic.co.uk/index.php/zacsssh/article/view/16 543 

16. Teng M, Singla R, Yau O, Lamoureux D, Gupta A, Hu Z, Hu R, Aissiou A, Eaton S, 544 

Hamm C, Hu S, Kelly D, MacMillan KM, Malik S, Mazzoli V, Teng YW, Laricheva M, 545 

Jarus T, Field TS. Health Care Students' Perspectives on Artificial Intelligence: 546 

Countrywide Survey in Canada. JMIR Med Educ. 2022 Jan 31;8(1):e33390. doi: 547 

10.2196/33390. 548 

17. Al-Qerem W, Eberhardt J, Jarab A, Al Bawab AQ, Hammad A, Alasmari F, et al. 549 

Exploring knowledge, attitudes, and practices towards artificial intelligence among health 550 

professions’ students in Jordan. BMC Medical Informatics and Decision Making. 551 

2023;23(1):288. 552 

18. Elhassan SE, Sajid MR, Syed AM, Fathima SA, Khan BS, Tamim H. Assessing 553 

Familiarity, Usage Patterns, and Attitudes of Medical Students Toward ChatGPT and 554 

Other Chat-Based AI Apps in Medical Education: Cross-Sectional Questionnaire Study. 555 

JMIR Med Educ. 2025;11:e63065. 556 

19. Duan S, Liu C, Rong T, Zhao Y, Liu B. Integrating AI in medical education: a 557 
comprehensive study of medical students' attitudes, concerns, and behavioral intentions. 558 
BMC Med Educ. 2025;25(1):599. 559 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2026. ; https://doi.org/10.64898/2026.05.27.26354009doi: medRxiv preprint 

https://doi.org/10.64898/2026.05.27.26354009
http://creativecommons.org/licenses/by/4.0/


 
 

32 
 

20. Sit C, Srinivasan R, Amlani A, Muthuswamy K, Azam A, Monzon L, Poon DS. Attitudes 560 

and perceptions of UK medical students towards artificial intelligence and radiology: a 561 

multicentre survey. Insights Imaging. 2020 Feb 5;11(1):14. doi: 10.1186/s13244-019-562 

0830-7. 563 

21. Pinto Dos Santos D, Giese D, Brodehl S, Chon SH, Staab W, Kleinert R, Maintz D, 564 

Baeßler B. Medical students' attitude towards artificial intelligence: a multicentre survey. 565 

Eur Radiol. 2019 Apr;29(4):1640-1646. doi: 10.1007/s00330-018-5601-1. Epub 2018 Jul 566 

6. 567 

22. Hoffman J, Hattingh L, Shinners L, Angus RL, Richards B, Hughes I, Wenke R. Allied 568 

Health Professionals' Perceptions of Artificial Intelligence in the Clinical Setting: Cross-569 

Sectional Survey. JMIR Form Res. 2024 Dec 30;8:e57204. doi: 10.2196/57204. 570 

23. Hawal M, Simon M, Husain N, Harrasi S, Al-Hinai L, Saadi D. Bridging artificial 571 

intelligence and ethics in medical education: a comprehensive perspective from students 572 

and faculty. Journal of Medical Education Development. 2025;18:14-25. 573 

24. Maassen O, Fritsch S, Palm J, Deffge S, Kunze J, Marx G, Riedel M, Schuppert A, 574 

Bickenbach J. Future Medical Artificial Intelligence Application Requirements and 575 

Expectations of Physicians in German University Hospitals: Web-Based Survey. J Med 576 

Internet Res. 2021 Mar 5;23(3):e26646. doi: 10.2196/26646. 577 

25. Sanad AH, Alsaegh AS, Abdulla HM, Mohamed AJ, Alqassab A, Sharaf SMA, Abdulla 578 

MH, Khadem SA. Perceptions of Artificial Intelligence in Medicine Among Newly 579 

Graduated Interns: A Cross-Sectional Study. Cureus. 2024 Oct 10;16(10):e71216. doi: 580 

10.7759/cureus.71216. 581 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2026. ; https://doi.org/10.64898/2026.05.27.26354009doi: medRxiv preprint 

https://doi.org/10.64898/2026.05.27.26354009
http://creativecommons.org/licenses/by/4.0/


 
 

33 
 

26. Jackson P, Ponath Sukumaran G, Babu C, Tony MC, Jack DS, Reshma VR, Davis D, 582 

Kurian N, John A. Artificial intelligence in medical education - perception among medical 583 

students. BMC Med Educ. 2024 Jul 27;24(1):804. doi: 10.1186/s12909-024-05760-0. 584 

27. Castagno S, Khalifa M. Perceptions of Artificial Intelligence Among Healthcare Staff: A 585 

Qualitative Survey Study. Frontiers in Artificial Intelligence. 2020;Volume 3 - 2020. 586 

 587 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2026. ; https://doi.org/10.64898/2026.05.27.26354009doi: medRxiv preprint 

https://doi.org/10.64898/2026.05.27.26354009
http://creativecommons.org/licenses/by/4.0/

