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Abstract: Despite the potential benefits of generative Artificial Intelligence (genAl), concerns about
its psychological impact on medical students, especially with regard to job displacement, are
apparent. This pilot study, conducted in Jordan during July—August 2024, aimed to examine the
specific fears, anxieties, mistrust, and ethical concerns medical students could harbor towards
genAl. Using a cross-sectional survey design, data were collected from 164 medical students
studying in Jordan across various academic years, employing a structured self-administered
questionnaire with an internally consistent FAME scale—representing Fear, Anxiety, Mistrust, and
Ethics and comprising 12 items, with three items for each construct. The results indicated variable
levels of anxiety towards genAl among the participating medical students: 34.1% reported no
anxiety about genAl role in their future careers (1 = 56), while 41.5% were slightly anxious (n = 61),
22.0% somewhat anxious (1 = 36), and 2.4% extremely anxious (n =4). Among the FAME constructs,
Mistrust was the most agreed upon (mean: 12.35+2.78), followed by Ethics construct (mean:
10.86+2.90), Fear (mean: 9.49+3.53), and Anxiety (mean: 8.91+3.68). Sex, academic level, and Grade
Point Average (GPA) did not significantly affect the students’ perceptions of genAl. However, there
was a notable direct association between the students” general anxiety about genAl and elevated
scores in the Fear, Anxiety, and Ethics constructs of the FAME scale. Prior exposure to genAl and
its previous use did not significantly modify the scores of the FAME scale. These findings
highlighted the critical need for refined educational strategies to address the integration of genAl in
medical training. The results demonstrated a pervasive anxiety, fear, mistrust, and ethical concerns
among medical students regarding the deployment of genAl in healthcare, indicating the necessity
for curriculum modifications that focus specifically on these areas. Interventions should be tailored
to increase genAl familiarity and competency, which would alleviate apprehension and equip
future physicians to engage with this inevitable technology effectively. The study also highlighted
the importance of incorporating ethical discussions into medical courses to address mistrust and
concerns about the human-centered aspects of genAl. Conclusively, the study calls for a proactive
evolution of medical education to prepare students for Al-driven healthcare practices shortly to
ensure that physicians are well-prepared, confident, and ethically informed in their professional
interactions with genAl technologies.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

The widespread availability of generative Artificial Intelligence (genAl) models (e.g., ChatGPT,
Gemini, Microsoft Copilot, and Llama) is set to transform various occupational sectors including the
higher education sector, especially in medical education and healthcare practice [1-6]. For example,
genAl can help in the automation of routine administrative and educational tasks such as scheduling,
aid in response to student inquiries, and assist in the delivery of basic educational content in an
interesting and personalized style [7,8]. Subsequently, the genAl models can help educators and
administrators focus on more complex, value-added activities in higher education such as
personalized teaching and research activities [9,10].

Additionally, genAl can be extremely helpful in medical education by offering sophisticated,
novel simulations and modeling, especially for practical training, which are invaluable in healthcare
education [2,3,11-13]. Moreover, genAl models can facilitate educational initiatives without
substantial additional resources, which helps to promote educational equity at the global level [14].

Several potential benefits for genAl models in healthcare education, research, and practice have
been well recognized and characterized [3,11,15]; however, there are growing concerns about the
negative implications of these Al models for the workforce, particularly regarding job displacement
and the changing nature of health professional roles [16-18]. Consequently, these concerns can lead
to resistance to Al implementation among health professionals, which can hinder the full realization
of genAl advantages in healthcare [19].

Medical students are considered a key group to the future healthcare workforce. Therefore, the
ability of medical students to adapt their career paths to emerging technologies such as genAl is
essential for them to thrive amid evolving healthcare practice dynamics which inevitably would be
shaped by Al integration [20,21].

The rapid adoption of genAl models into the sector of healthcare raised concerns about job
security, especially for medical students who are set to enter the healthcare workforce [22,23]. Thus,
evaluating medical students” anxiety and fear regarding potential job displacement by genAl appears
a timely topic for research investigation. Understanding the concerns of medical students towards
genAl models can offer insights into the effects of this novel technology on health profession identity,
future competitiveness, as well as the ethical dilemmas that may arise as a result of genAl models’
integration in healthcare [24-26].

The increasing popularity of genAl models’ use in healthcare heightened job displacement
concerns with evidence suggesting gaps in practical Al experience and knowledge among the
currently practicing health professionals [27,28]. The Al-driven shift in healthcare practice would
redirect the focus from traditional patient-centered care to technology-centered methods, raising
questions about the need to redefine the future roles of health professionals [29]. Subsequently, the
Al-driven changes in healthcare could lead to depersonalization of care, which is a major challenge
to the core healthcare values of empathy and human judgment which emphasizes the critical need to
explore these evolving dynamics in a comprehensive and evidence-based approach [30,31].

On a related note, ethical considerations are central to medical students” perceptions of genAl
models” utility in healthcare practice [32,33]. Concerns about patient privacy, data security, and
potential Al-induced healthcare disparities illustrate the complex ethical challenges that future
physicians will face [34]. Additionally, there are significant questions regarding whether the current
medical education practices adequately prepare medical students for an Al-dominated healthcare
practice soon [35].

Based on the aforementioned points, the integration of genAl models into healthcare is expected
to provoke anxiety among medical students, with subsequent fear of job displacement, loss of
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professional identity, and ethical dilemmas [36-38]. Therefore, investigating medical students’
perspectives on genAl models and their concerns about this emerging technology is important. This
area of investigation can be crucial from the medical educational perspective, in order to prepare
future physicians for an Al-driven era in healthcare practice and to equip future physicians with the
necessary tools to improve patient care and healthcare outcomes [1,39-41].

Therefore, this study aimed to assess medical students’ fears, anxiety, and concerns regarding
genAl models’ roles in healthcare. The study objectives included assessing the key factors driving
this fear and anxiety, with the ultimate aim of providing preliminary evidence to guide the
development of targeted Al integration interventions in medical education, policy modifications, and
improvements in genAl implementation strategies in medical education. The major aim of this study
was to address these genAl-related concerns among medical students, to ensure that future
healthcare physicians are prepared and confident in Al-integrated healthcare settings.

2. Materials and Methods
2.1. Study Design and Ethical Permission

This pilot study was based on a cross-sectional survey involving medical students currently
studying in Jordan. A convenience sampling strategy was employed to expedite participant
recruitment given the timeliness of the study topic. The recruitment of potential medical students
was done using social media and instant messaging applications including Facebook, X (formerly
Twitter), Instagram, LinkedIn, Messenger, and WhatsApp, all of which are popular among the target
demographic, namely medical students in Jordan.

The sampling process started by the authors who were medical students at the time of survey
distribution (Y.A., O.A., A.A.-S., Z.A., and A.N.A.), with the encouragement of further distribution
of the survey among their acquaintances from medical students in Jordan (snowball sampling). The
survey was distributed in Arabic language via Google Forms as the questionnaire host and no
incentives were offered for participation. The survey distribution took place during July-August
2024.

The study was conducted in accordance with the Declaration of Helsinki and approved by the
Institutional Review Board in the Faculty of Pharmacy at the Applied Science Private University
(reference number: 2024-PHA-25) which was granted on 4 July 2024.

2.2. Survey Instrument Development

The initial phase of survey development involved a literature review by the first and senior
authors (M.S. and M.B.) independently using Google Scholar and the search concluded on 4 June
2024. The following search terms were used to ensure a comprehensive understanding of the current
role of genAl in healthcare and medical education: “generative Al in healthcare education”;
“generative Al and anxiety of health professionals”; “generative Al concerns among health
professionals”; “fear of generative Al in healthcare”; “healthcare job displacement by generative Al”;
“ChatGPT anxiety in healthcare”; “ChatGPT fear in healthcare”; “ChatGPT concerns in healthcare”;
“healthcare job displacement by ChatGPT”; “medical job displacement by ChatGPT”; and “Al
anxiety among medical students”. This was followed by identification of research records in English
that were deemed relevant for the development of a tailored survey instrument for the study
objectives by joint discussions among the first and senior authors (M.S. and M.B.) [3,42-57].

A collaborative effort involving the first, second, and senior authors was conducted to critically
analyze the retrieved literature, leading to the development of a set of survey questions for the study
objectives. The first and senior authors have a combined 13 years of teaching experience in healthcare,
while the second author is a recently graduated Doctor of Medicine (M.D.). This combination of broad
academic expertise and recent practical experience in medical learning was undertaken to enhance
the content validity of the survey questions, with subsequent identification and integration of four
themes subjectively deemed relevant to cover the study objectives as follows: (1) Fear related to
possible job displacement by the availability of efficient, robust, and beneficial genAl; (2) Anxiety
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regarding the long-term medical career prospects in light of genAl models availability; (3) Mistrust
related to concerns of reducing the human role in healthcare practice by genAl, leading to
dehumanization in medical interactions and decision-making; and (4) Ethical dilemmas and concerns
that may arise if genAl models utilization become integrated as a routine in healthcare practice. Based
on the initials of the dimensions, the scale was referred to as the “FAME” scale.

To enhance the validity of the survey, we opted to check the content of the initial draft by seeking
feedback from two lecturers involved in medical education: A lecturer in Microbiology and
Immunology, specializing in basic medical sciences, and a lecturer in Internal Medicine with a
specialty in Endocrinology, with extensive involvement in supervising fourth-year medical students
during their introductory course for clinical rotations. This process involved seeking specific
feedback on the contextual relevance and comprehensiveness of the included four themes, thereby
enhancing the content validity of the novel survey instrument.

Afterward, the survey instrument underwent a pilot test involving five medical students
selected to represent a diverse range of perspectives within medical education (three third-year
students and two fifth-year students). The feedback required included notes on the clarity, relevance,
and language of the survey items. Following the obtained feedback, minor refinements of the survey
items were conducted to improve the clarity of the language of survey items by adjustments
involving simplifying complex language and enhancing the flow of the questionnaire.

2.3. Final Survey Used

Prior to participation, all medical students were provided with detailed information about the
study objectives, inclusion criteria, and confidentiality measures to protect the anonymity of the
responses obtained. Electronic consent was mandatory from each participant with “Yes” as a
response for the following item necessary for opening of the survey.

The survey started with a demographics section gathering data on age (as a scale variable); sex
(male vs. female); current year of study (Ist, 2nd, 3rd, 4th, 5th, or 6th year) later classified as pre-
clinical (1st, 2nd, or 3rd) vs. clinical (4th, 5th, or 6th year); latest Grade Point Average (GPA) classified
as unsatisfactory, satisfactory, good, very good, or excellent later classified as low (unsatisfactory,
satisfactory, or good) vs. high (very good or excellent); and the desired future specialty (Pediatrics;
General Surgery; Forensic Medicine; Orthopedics; Neurosurgery; Ophthalmology; Plastic Surgery;
Internal Medicine; Psychiatry; Emergency Medicine; Obstetrics and Gynecology; Urology;
Anesthesiology; Radiology; Pathology; Dermatology; or Others).

Then, the survey included a major question considered as the primary study measure measured
on a 4-point Likert scale (Not at all, slightly anxious, somewhat anxious, extremely anxious) to assess
the level of anxiety medical students feel towards generative Al technologies, such as ChatGPT. This
question was “How anxious are you about genAl models like ChatGPT as a future physician?”.

Next, the participants were asked about their previous use of genAl models (ChatGPT, MS
Copilot, Gemini, My Al Snapchat, others).

Finally, the main body of the survey consisted of twelve items assessed on a 5-point Likert scale
(strongly agree, agree, neutral, disagree, strongly disagree). These items were designed to as three
questions per dimension as follows: (1) I feel concerned that AI will reduce the number of available
jobs in healthcare; (2) I am concerned that Al will exceed the need for human skills in many areas of
healthcare; (3) The advancement of Al in healthcare makes me anxious about my long-term career;
(4) I am worried that I will not be able to compete with Al for jobs in the healthcare; (5) The thought
of competing with Al for career opportunities in healthcare makes me feel anxious; (6) I am worried
that AI will demand competencies beyond the current scope of medical teaching; (7) I believe that Al
is missing the aspects of insight and empathy needed in medical practice; (8) I believe that Al does
not take into account the personal and emotional aspects of patient care; (9) I believe that the essence
of the medical profession will not be affected by Al technologies; (10) I believe that Al will lead to
ethical dilemmas in healthcare; (11) I fear that Al in healthcare will compromise patient privacy and
data security; and (12) I worry that Al will increase inequalities in patient care.
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2.4. Sample Size Calculation

The required sample size was calculated using G*Power software [58,59], assuming a small to
medium effect size of 0.3, with an a level of 0.050, and targeting a power of 95%. Based on these
specifications, recruitment of 147 participants was determined to be essential to ensure adequate
statistical power for comparison between two groups (medical students who were not anxious at all
regarding Al vs. medical students who expressed anxiety at any level).

2.5. Statistical and Data Analysis

Statistical analyses were conducted using IBM SPSS Statistics for Windows, Version 27.0
(Armonk, NY: IBM Corp), with statistical significance established at p < 0.050. The Kolmogorov-
Smirnov test was employed to assess data normality. Cronbach’s a was calculated to evaluate the
internal consistency of survey constructs. The Intraclass Correlation Coefficient (ICC) was employed
to assess the reliability of measurements under a one-way random model given the uniform style of
survey administration to ensure that any measurement error would be random and not due to
systematic differences in how measurements were taken. For effect size between two groups, Cohen’s
d was utilized with Hedges’ correction, which adjusts for bias in the estimation of the standard
deviation (SD) in small samples. To take into account non-normality of the scale variables, the effect
size analysis was supplemented by measuring point-biserial correlation coefficients using bivariate
Pearson correlations, with correlation coefficients (r) acting as surrogates to effect sizes.
Nonparametric tests, including the Mann-Whitney U test for two independent samples and the
Kruskal-Wallis test for more than two groups, were applied, given that the scale variable did not
meet normality assumptions (p < 0.001 using Kolmogorov-Smirnov test). Additionally, Chi-square
tests were used to explore associations between categorical variables.

Medical specialties were categorized based on the risk of job displacement by generative Al,
factoring in the extent to which each specialty relies on procedural skills, personalized interactions,
and automatable tasks and this categorization was agreed upon by the first, second, and senior
authors based on the following criteria. High-risk specialties, such as Radiology, Pathology, and
Dermatology, involve significant use of diagnostic imaging and pattern recognition that Al could
replace. Middle-risk specialties like Internal Medicine, Psychiatry, Emergency Medicine, Obstetrics
and Gynecology, Urology, and Anesthesiology, could see moderate impacts from Al but retain
crucial human elements. Low-risk specialties, including Pediatrics, General Surgery, Forensic
Medicine, Orthopedics, Neurosurgery, Ophthalmology, and Plastic Surgery, involve complex
decision-making and personalized care that are difficult to automate.

3. Results
3.1. General Features of Participating Medical Students

The final study sample comprised a total of 164 medical students with a mean age of 21.1+2.3
years, with a majority of male students (1 = 88, 53.7%), and students at the basic educational level (n
=113, 68.9%, Table 1).

Table 1. General features of participating medical students (N = 164).

Cou Percenta

Variable Category t ge
Se Male 88 53.7%
X
Female 76 46.3%

First year 25 152%

Second year 52 31.7%

Academic year Third year 36  22.0%
Fourthyear 20 122%

Fifth year 19  11.6%
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Sixth year 12 7.3%

Unsatisfactory 8 4.9%

Satisfactory 15  9.1%

GPA! Good 57  34.8%
Very good 65 39.6%
Excellent 19  11.6%
Low risk 3 68 51.5%
Middlerisk* 48  36.4%
High risk 16 12.1%
Not at all 56 34.1%
Slightly anxious 68  41.5%
How anxious are you about genAl models, like ChatGPT as a future ~ Somewhat

Desired specialty classification based on the risk of job loss due to
genAl 2

. . 36 22.0%
physician? anxious
Extre.mely 4 2 49
anxious
0 45 27.4%
1 77  47.0%
Number of genAl models used 2 33 20.1%
3 5 3.0%
4 4 2.4%

1 GPA: Grade Point Average; 2 genAl: Generative Artificial Intelligence; 3 Low risk specialties: Pediatrics; General
Surgery; Forensic Medicine; Orthopedics; Neurosurgery; Ophthalmology; or Plastic Surgery; ¢ Middle risk
specialties: Internal Medicine; Psychiatry; Emergency Medicine; Obstetrics and Gynecology; Urology; or
Anesthesiology; °® High risk specialties: Radiology; Pathology; or Dermatology.

Slightly less than three-quarters of the study participants reported prior use of at least a single
genAl model, while slightly more than half of the study participants reported a cumulative GPA of
very good or excellent categories (Table 1).

For the genAl models used, the most common reported model was ChatGPT (n = 105, 64.0%),
followed by My Al Snapchat (n =29, 17.7%), Gemini (n = 17, 10.4%), and Copilot (n = 13, 7.9%, Figure
1).

Self-reported history of genAI model use

180 ~
160 - i 151 18
140 4 135
a 120 4 105
o 100 -
g 80
= 59
z 60 o
40 - 29
| 17 ]
20 4 13 ‘ -
B } i T i ! i L
Yes | No Yes No Yes No Yes No Yes No
ChatGPT Gemini Copilot My Al Snapchat Others
genAl model

Figure 1. The generative artificial intelligence (genAl) models used self-reported by the study
participants.

3.2. The Level of Anxiety towards genAl and Its Associated Determinants
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Slightly over a third of the study sample reported being not anxious at all regarding the role of
genAl such as ChatGPT as future physicians (1 = 56, 34.1%), with 61 students who reported being
slightly anxious (41.5%), 36 students who reported being somewhat anxious (22.0%), and only four
students who reported being extremely anxious (2.4%). The demographic data did not show any
statistically significant differences in the level of anxiety regarding genAl by the participants (Table

2).
Table 2. Anxiety of the participating medical students regarding generative artificial intelligence
(genAl) models as future physicians.
How anxious are you about genAlI models, like
ChatGPT as a future physician? p
Variable Category Notat  Slightly anxious, somewhat anxious, or
all extremely anxious o
Count
Count (%
%) (%)
Age Meanssp2 ~ 2100% 20.8+1.61 018
12 6
29
Mal 7.
ae (33.0) 59(67.0) 0.72
sex 27 9
Female (35.5) 49 (64.5)
36
Basi 77 (68.1
asic (31.9) (68.1) 0.35
Level 20 g
Clinical (39.2) 31 (60.8)
Unsatisfactory, 26
4 (67.
GPA'! satisfactory, good  (32.5) 54 (67.5) 0.66
30 4
Very good, excellent (35.7) 54 (64.3)
Low risk 3 19 49 (72.1)
(27.9) ' 0.50
Desired specialty , - 18 '
Middle risk (37.5) 30 (62.5) 4
High risk 5 6 (37.5) 10 (62.5)
14
0 (31.1) 31 (68.9)
28
1 49 (63.6
Number of genAl (36.4) ( ) 0.89
models used 10 5
2 (30.3) 23 (69.7)
3 2 (40.0) 3 (60.0)
4 2 (50.0) 2 (50.0)

1 GPA: Grade Point Average; > SD: Standard deviation; 3 Low risk specialties: Pediatrics; General Surgery;
Forensic Medicine; Orthopedics; Neurosurgery; Ophthalmology; or Plastic Surgery; + Middle risk specialties:
Internal Medicine; Psychiatry; Emergency Medicine; Obstetrics and Gynecology; Urology; or Anesthesiology; °
High risk specialties: Radiology; Pathology; or Dermatology.

3.3. FAME Constructs Reliability

The Cronbach’s « for the four FAME sub-scales were as follows: 0.874 for the Fear sub-scale,
0.880 for the Anxiety sub-scale, 0.724 for the Mistrust sub-scale, and 0.695 for the Ethics sub-scale. For
the 12 items combined together, the Cronbach’s a was 0.853 reflecting robust internal consistency.
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In terms of the ICC, the Fear sub-scale showed high reliability, with an ICC of 0.678 for single
measures and 0.863 for average measures. The Anxiety sub-scale also exhibited high reliability, with
an ICC of 0.673 for single measures and 0.860 for average measures. The Mistrust sub-scale displayed
moderate reliability at 0.405 for single measures, but this increased to good reliability at 0.671 for
average measures. Similarly, the Ethics sub-scale showed moderate reliability at 0.388 for single
measures and improved to 0.656 for average measures, indicating enhanced reliability and
consistency when averaged across respondents. The ICC values for the FAME sub-scales are detailed
in (Figure 2).

Anxiety sub-
Fear sub-scale y
Inter-Item scale Inter-
3 Item F2 Item F3 Item Item A2 Item A3
Correlation :
; Correlation

Matrix .

Matrix

Mistrust sub- Ethics sub-
scale Inter- scale Inter-
[tem Item M2 Item M3 Item Item E2 Item E3
Correlation Correlation
Matrix Matrix
Item M1 0.357 Item E1 0.463 0.413
0413 Item E2 0.432

Figure 2. The Intraclass Correlation Coefficient (ICC) for the four FAME sub-scales’ items.

3.4. FAME Constructs Scores

For the four FAME constructs, the higher level of agreement by the participants was seen in the
Mistrust construct (mean: 12.35+2.78), followed by the Ethics construct (mean: 10.86+2.90), Fear
construct (mean: 9.49+3.53), while the lowest level of agreement was seen in the Anxiety construct
(mean: 8.91+3.68, Figure 3). Statistically significant lower levels of agreement were seen among the
participating medical students who were not anxious at all compared to those who showed any level
of anxiety as future physicians towards genAl for three constructs, namely Fear, Anxiety, and Ethics
(Figure 4).
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1
12—
[+))
i
S 9
N
6_
37 | | } -
Fear Anxiety Mistrust Ethics
FAME Constructs

Figure 3. Whisker plots for the distribution of the four FAME (Fear, Anxiety, Mistrust, and Ethics)
constructs scores.

15—

: .

IFear P <0001

o $ o T Anxiety p <0.001
¥ 9 I Mistrust p =0.590
R % % Ethics  p=0.014
6_
3_

T T
Not at all Slightly anxious, somewhat
anxious, or extreme]y anxious

How anxious are you about genAl models like ChatGI'T as
a future physician?

Figure 4. Error bars showing the four FAME constructs scores stratified per the level of anxiety of
participating medical students towards generative artificial intelligence (genAl). CI: Confidence
interval for the mean.

3.5. Determinants of Anixety to genAl among the Participanting Medical Students

Table 3 summarizes the determinants of Fear, Anxiety, Mistrust, and Ethics among the
participating medical students towards genAl No significant differences in Fear, Anxiety, Mistrust,
or Ethics scores were found across sexes, academic levels—basic and clinical —, GPA categories;
however, lower Anxiety scores were marginally significant (p = 0.082) among students with higher
academic achievement reflected in a higher GPA.

Table 3. The determinants of anxiety of participating medical students towards genAl including the
FAME sub-scales.

Variable Category Fear Anxiety Mistrust Ethics

Mean+SD 6 P Mean+SD P Mean+SD P Mean+SD P
value value value value
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Male 9.553.31 9.00+3.61 12.32.75 10.86+3.10
S 0.972 0.739 ——=222_ (g 708 — 02220 (1 983
X Female 9424377 8.803.78 12.41+2.82 10.86+2.66
Basic 9.57+3.54 8.85+3.62 12.33+2.70 10.65+2.86
Level . 781 —=2222 0 (596 — 2222 g
eve Clinical 9312352 293 9 04m3.81 078 12300207 9% 11312006 0108
Unsatisfactory,
satisfactory,  9.51+3.53 9.36+3.81 12.1422.87 10.86+2.88
GPA 1 good 0.803 0.082 0.277 0.987
V.
ery good, g 464354 8.48+3.52 12.5542.69 10.86+2.93
excellent
Desireq _LoWrisk®  9.85:3.43 9.09+3.62 12.35+2.87 11.18+2.88
. 22:1’ Middle risk *  9.10:3.58 0.504 8.79+3.92 0.796 12.44+2.74 0.953 11.19+2.71 0.812
P T High risk s 8.9443.57 9.63+3.58 12.94+1.88 10.75+2.98
0 10.31+3.38 9.47+3.49 12.27+2.59 10.87+2.52
Number of 1 9.06+3.56 8.5123.61 12.57+2.91 10.78+3.05
genAl 2 2 9.39+3.60 0.362 8.88+3.85 0.581 12.64+2.19 0.106 11.18+2.78 0.496
models used 3 9.80+4.21 10.40+5.90 9.80+4.44 11.40+4.93
4 8.753.20 8.753.20 9.75+2.63 9.00+2.58
How Notatall  7.48+3.62 7.29+4.06 12.13+3.04 10.042.97
anxious are .
you about Slightly
genAl anxious,

0.001 0.001 0.590 0.014
models like  O™eWhat 4521300 9.7543.17 ~ 12.46+2.64 11.29+2.78
ChatGPT as 100U Of

a future extremely
physician? anxious

1 GPA: Grade Point Average; 2 genAl: Generative Artificial Intelligence; ® Low risk specialties: Pediatrics; General
Surgery; Forensic Medicine; Orthopedics; Neurosurgery; Ophthalmology; or Plastic Surgery; * Middle risk
specialties: Internal Medicine; Psychiatry; Emergency Medicine; Obstetrics and Gynecology; Urology; or
Anesthesiology; 5 High risk specialties: Radiology; Pathology; or Dermatology; ¢ SD: Standard deviation.
Statistically significant p values are highlighted in bold style.

When analyzed by desired specialty, no significant differences emerged among students
aspiring to low, middle, or high-risk specialties, indicating uniform perceptions across different
desired fields. The number of genAl models used by the students also did not significantly influence
Fear, Anxiety, Mistrust, or Ethics scores, suggesting a consistent perception regardless of exposure
level to genAl tools.

Importantly, students who reported not being at all anxious about genAl models like ChatGPT
had significantly lower fear and anxiety scores (p < 0.001 for both), lower ethics score (p = 0.014)
compared to the students who expressed any level of anxiety towards genAl (Table 3). However,
this statistically significant difference did not extend to the Mistrust sub-scale between the two
groups (p = 0.590).

In the analysis to assess the impact of anxiety towards generative AI models on the perceptions
of fear, anxiety, and ethics, significant effects were observed, as indicated by substantial effect sizes
calculated using Cohen’s d and Hedges’ g. Specifically, for the Fear construct, Cohen’s d yielded a
point estimate of 2.332 with a 95% confidence interval (CI) of 2.035 to 2.627, indicating a very large
effect size (Pearson r = 0.411, p < 0.001). Similarly, Hedges’ correction resulted in a point estimate of
2.327 (95% CI: 2.031-2.621). For the Anxiety construct, Cohen’s d provided a point estimate of 2.038
(95% CI: 1.768-2.306), and Hedges’ correction gave a point estimate of 2.033 (95% CI: 1.764-2.300,
Pearson r = 0.319, p < 0.001). For the Mistrust construct, Cohen’s d provided a point estimate of 3.831
(95% CI: 3.387- 4.272), and Hedges’ correction gave a point estimate of 3.822 (95% CI: 3.379-4.263,
Pearson r = 0.058, p = 0.462). Lastly, for the Ethics construct, Cohen’s d revealed a point estimate of
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3.243 (95% CI: 2.858-3.625), with Hedges’ correction closely aligning at a point estimate of 3.235 (95%
CI: 2.852-3.617, Pearson r = 0.205, p = 0.008).

4. Discussion

The analysis of fear, anxiety, mistrust, and ethical concerns among medical students in this study
regarding genAl models revealed helpful insights. These insights highlighted the psychological and
ethical dimensions that would influence the adoption of emerging technologies such as genAl models
in medical education.

Our study revealed significant concerns among medical students in Jordan regarding the
implications of genAl models for their future careers. Surveying 164 students, we found that a
substantial majority, over 72%, have already been using genAl models, particularly ChatGPT. This
high usage rate was consistent with global trends suggesting that reliance on genAl models for
academic support is becoming increasingly normalized. For example, a multi-national study
involving participants from Brazil, India, Japan, the UK, and the USA highlighted that most students
use ChatGPT for assistance with assignments and expect their peers to do the same, signaling a shift
towards widespread acceptance of genAl tools in academic settings [60].

Moreover, a comprehensive study across several Arab countries—including Iraq, Kuwait,
Egypt, Lebanon, and Jordan—engaged 2,240 participants, and revealed that nearly half were aware
of ChatGPT, and over half of them had used it before the study [61]. The favorable disposition
towards genAl exemplified by ChatGPT was influenced by its ease of use, positive technological
attitudes, social influence, perceived usefulness, and minimal perceived risks and anxiety [61].
Similarly, a recent study from the United Arab Emirates (UAE) supports these findings, with the
majority of students reporting routine use of ChatGPT, driven by its utility, ease of use, and the
positive influence of social and cognitive factors [62]. Furthermore, a recent study among medical
students in the U.S. showed that almost half of the surveyed students indicated the use of ChatGPT
in medical studies [63]. Taken together, our findings along with those of recent studies collectively
highlight a broader acceptance and integration of genAl models among university students, shaped
by genAl models’ utility, ease of integration into daily tasks, and the broader, positive social
perception of technological engagement [64—67].

In this study, approximately two-thirds of medical students reported experiencing at least a mild
level of anxiety about genAl. This anxiety was notably pervasive across various demographics,
including sex, academic level, and GPA, reflecting a widespread apprehension about genAl among
participants. This universal concern is understandable given the broader levels of apprehensions
about genAl observed among university students globally. For example, a recent study that was
conducted in Hong Kong involving 399 students across six universities and ten faculties revealed
significant concerns [67]. Students feared that genAl could undermine the value of their university
education and impede the development of essential skills such as teamwork, problem-solving, and
leadership [67]. Additionally, a study among medical students in the UAE reported that a majority
of participants were worried that AI would reduce trust in physicians besides worries regarding the
ethical impact of Al in healthcare [21]. Moreover, a study among health students in Jordan based on
the technology acceptance model (TAM) revealed an overall anxious attitude towards ChatGPT
among the participants [51]. This highlights the need for educational strategies that effectively
integrate genAl into medical curricula while addressing the underlying justifiable anxiety among
medical students.

Despite the notable anxiety reported in this study, the findings revealed even more pronounced
levels of mistrust and ethical concerns among the participating medical students. Interestingly, while
a related study among college students in Japan found a significant focus on unemployment as a
major ethical issue with Al [68], our findings suggest that concerns extend beyond personal job
security to include broader ethical and trust issues associated with genAl applications in healthcare.

Of note, the study findings elucidated the significant psychological and ethical impacts of
anxiety toward genAl models on medical students, revealing profound concerns across fear, anxiety,
mistrust, and ethical considerations. The strong link to the fear construct illustrated how
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apprehensions about genAl correlated with both general anxiety and specific fears concerning the
future of medical practice and job security —a common trend observed with the introduction of new
technologies [69-72]. These anxieties are likely fueled by uncertainties over how genAl might
transform traditional medical roles, potentially replacing tasks currently undertaken by humans, thus
sparking fears of job displacement and the diminution of human-centric skills in healthcare [73].

The fear of job displacement by genAl is not unique to the healthcare sector as it resonates across
various other occupational sectors. For example, studies in fields ranging from accounting to
manufacturing have identified a correlation between the rise of Al and increased job displacement
concerns, with policy recommendations often advocating for talent retention, investment in
upskilling programs, and support mechanisms for those adversely affected by Al adoption [74]. In
Germany, a manufacturing sector survey indicated that employee fears regarding Al are among the
top barriers to its adoption, with non-managerial staff particularly expressing apprehension about Al
implications for job security and workplace dynamics [75]. A study from Turkey revealed that while
teacher candidates across various disciplines, ages, and genders show no apprehension about
learning Al they do express significant anxiety about its potential effects on employment and social
dynamics [76].

In this study, concerns among medical students about job displacement, while significant, were
overshadowed by issues of ethics and mistrust. These findings reflected apprehensions about the
ethical and empathetic dimensions of care—areas where Al is often perceived as lacking, as noted by
Farhud and Zokaei [36], despite the presence of recent evidence contradicting this viewpoint,
including the promising potential of clinically oriented genAl models [77,78]. The pronounced levels
of mistrust and ethical concerns in this study may indicate that medical students fear not only the
potential job displacement but also doubt the capacity of genAl to fulfill crucial humanistic aspects
of healthcare, such as empathy and ethical judgment [79]. Our findings support this perspective, with
the mistrust construct receiving the highest level of agreement among participants. This skepticism
is deeply rooted in doubts about genAl’s ability to effectively handle the complex aspects of empathy
and ethical decision-making, as perceived by the medical students involved in our study.

4.1. Recommendations Based on the Study Findings

The findings of this study highlighted the critical need for evolving medical curricula that
incorporate comprehensive Al coverage including genAl training [80-82]. This modification is
recommended to illuminate the technical capabilities of Al and to clarify its role in supplementing
rather than replacing the role of human physicians [3,83]. This involves emphasizing the genAl
potential to enhance diagnostic precision, personalize treatment plans, and improve administrative
efficiency which has been shown thoroughly in recent literature [3,6,11,84,85].

To address the considerable ethical concerns and mistrust regarding genAl among medical
students, it is important to encourage ethical discussions on Al usage, data privacy, and patient-
centered care in the medical training framework [86,87]. Incorporating role-playing, case studies, and
ethical debates will help students competently train on the intricate moral issues they will encounter
in their professional lives [40]. An important study by D’Souza et al. outlined twelve critical tips for
addressing the major ethical concerns associated with the use of Al in medical education [88].

Moreover, as Al automates many technical tasks, enhancing uniquely human soft skills like
emotional intelligence, communication, leadership, and adaptability becomes crucial [89]. By
promoting Al as a collaborative tool in healthcare rather than a competitor and highlighting examples
where Al and human physicians synergistically improve patient outcomes, Al would be viewed as
an indispensable partner in healthcare [90].

Additionally, advocating for policies that protect healthcare workers’ job security in the wake of
Al integration is important [22,73,91]. Clear guidelines on Al’s role in healthcare will ensure that it
supports rather than replaces medical professionals [92,93]. Ongoing research into Al's impacts,
coupled with open dialogues among Al developers, healthcare professionals, educators, and
policymakers, will adapt strategies to ensure Al enhances rather than disrupts healthcare services
[1,94].
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This study advocates for medical curricula to thoroughly prepare future healthcare providers to
integrate Al into their practices effectively, ensuring they deliver compassionate, competent, and
ethically sound health care [95].

4.2. Study Limitations

The interpretation of this study results must be approached with caution due to several
limitations as follows. First, the cross-sectional survey design prevented establishing causality
between medical students’ perceptions of genAl and the other study variables. Longitudinal studies
are needed for tracking changes in students’ perceptions of Al as genAl technology progresses
rapidly.

Second, the study relied on convenience and snowball sampling approaches for swift data
collection which are expected to introduce a notable sampling bias. These methods depend heavily
on existing social networks and the participant’s willingness to engage, potentially misrepresenting
the broader medical student population in Jordan and beyond. Consequently, the results may not be
generalizable to all medical students or to other demographic groups due to non-random sampling
used and the inherent selection bias, including a possible over-representation of students more
familiar with genAl models.

Third, using social media and instant messaging platforms for student recruitment likely biased
the study sample toward students who hold specific views on technology that may not reflect the
broader medical students’ perspectives. Distributing the survey solely in Arabic further limited the
diversity of responses, potentially impacting the depth of insights into how students’ perceptions
vary across different cultural or educational backgrounds.

Finally, while the literature review for constructing the survey instrument was thorough, the
selection of sources and subsequent survey questions may have been influenced by our subjective
biases, shaped by our backgrounds and personal experiences in healthcare education. This subjective
approach might have resulted in overlooking other relevant themes or emerging trends on genAl
concerns that were unrecognized. Thus, further testing and validation of the survey instrument used
in this study is strongly recommended in future studies.

5. Conclusions

This study illustrated that while medical students are anxious about the impact of genAl on their
future job prospects, their deeper concerns revolve around the ethical and trust-related implications
of genAl in the medical profession. These findings necessitate an evolution in medical education,
advocating for the integration of Al discussions within medical curricula to enhance students’
understanding of how Al can complement human capabilities in healthcare.

To engage with genAl technologies both effectively and ethically, it is important that educational
institutions provide comprehensive Al training to equip future physicians with the needed Al skills.
The pervasive anxiety, fear, mistrust, and ethical concerns expressed by medical students in this
study highlighted the need for curriculum modifications that increase Al familiarity and competency
and address the ethical issues of genAl in healthcare. Specifically, medical courses should integrate
ethical discussions to tackle mistrust and address concerns about the human-centric aspects of genAl
The results call for a proactive transformation of medical education, preparing students for Al-driven
healthcare practices. By doing so, future physicians would be technically skilled, confident, and
ethically informed. This comprehensive approach will help alleviate fears and build a foundation for
effective and ethical engagement with genAl technologies in medical practice.
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