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A B S T R A C T   

The use of artificial intelligence (AI) in the medical field is increasing and is expected to shape 
future clinical practice and job security. Therefore, this study aimed to assess the opinions and 
attitudes of practicing physicians in Bahrain regarding the benefits and drawbacks of AI for their 
future daily practice. A cross-sectional survey of practicing physicians with a minimum of five 
years’ experience across the main secondary and tertiary care hospitals in Bahrain was conducted. 
An online questionnaire was used to collect data on demographics, knowledge of AI, attitudes 
towards the use of AI in 10 tasks of daily clinical practice, and opinions on the benefits and 
drawbacks of AI. A total of 114 physicians participated in the survey. Among them, 43 (37.7%) 
were registered psychiatrists, 15 (13.2%) were pathologists, 17 (14.9%) were radiologists, and 39 
(34.2%) were surgical specialists. The participants’ attitudes were overall positive towards AI. 
Pathologists were particularly in favor of using AI to “Formulate personalized medication and/or 
treatment plans for patients” and to “Interview patients in a range of settings to obtain medical 
history.” Most participants agreed that AI would reduce the time needed to establish a diagnosis 
and negatively affect employment rates. There were no correlations between the responses and 
the participants’ age, gender, years of experience, or AI knowledge. This study demonstrates that 
the attitudes towards the use of AI in medicine among practicing physicians in Bahrain are similar 
to those of physicians in developed countries in that they are positive and welcoming of AI 
implementation in practice. However, the potential effects of AI on job security are a major 
concern.   

1. Introduction 

Artificial intelligence (AI) is defined as “the science and engineering of making intelligent machines” [1] The application of AI in 
medicine is anticipated through two main branches – virtual, which involves mathematical algorithms improving learning; physical, 
which involves the use of robots and medical devices [2,3]. The widespread use of advanced technologies and the imminent challenges 
of AI could pose a threat to physicians’ jobs [4]. Some AI experts feel that the role of physicians will customarily become a joint team 
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effort between physicians and machines [5]. Hitherto, there has been little contemplation about the attitudes of physicians regarding 
the future role of AI in medicine and how it will affect their job security and practices. 

AI is therefore best defined as a broad field of research that seeks to develop machines that are able to think and act like humans. It 
involves using sophisticated algorithms, or “intelligence,” to process data and make decisions that can solve a given problem or task 
[1–5]. AI is used in a variety of fields such as robotics, healthcare, finance, education, and more [1–5]. AI can be used to make more 
accurate predictions, help develop better decision-making processes, and automate tedious tasks [2,3]. AI has advanced significantly 
over the past decades and is expected to continue to grow in complexity and applications in the years to come [1,4,5]. In its simplest 
form, artificial intelligence is a type of technology that enables machines to think, act, and behave as if they were human [3,4]. 
Through the use of algorithms and data-driven learning, AI systems are able to learn and adapt to different situations, providing 
actionable insights and solutions [1–5]. 

A recent global survey of 791 psychiatrists, mostly from developed countries, found that 83% of the study sample believed that it 
was unlikely that future technology could provide empathetic care, and 3.8% of the respondents felt that it would make their jobs 
obsolete [6]. In another study involving radiologists, 77% of the participants reported favorable attitudes towards the adoption of AI, 
and 89% were not afraid of losing their jobs [7]. Another global survey of pathologists revealed a high percentage of acceptance of AI, 
with only 17.6% of respondents being concerned about their future job security [8]. Likewise, 60% of the neurosurgeons in a study 
reported using AI for the purpose of predicting outcomes [9], and 90% of the physicians contacted from different specialties in 
Germany expected the future of medicine to include a mix of human intelligence and AI [10]. Another study from Germany that 
assessed patients’ opinions regarding the use of AI in clinical practice revealed a strong preference for physicians overseeing the 
various clinical tasks as compared to AI [11]. 

On the contrary, a study from the United Kingdom reported that general physicians (GPs) were apprehensive of AI’s ability to 
provide empathetic care [12]. Similarly, an Asian study evaluating physicians’ attitudes towards AI found significant disparities in 
expectations and concerns regarding the legal aspects of AI applications [13]. Several studies have examined the attitudes of physicians 
towards the use of AI in the Arab world. In Oman, a study involving 300 physicians and 750 medical students from different specialties 
found that physicians have a positive perspective about the future use of AI and were generally not concerned about AI potentially 
replacing their jobs [14]. In the United Arab Emirates, a study with 119 radiographers and 34 radiologists reported that 86% of 
participants disagreed with the idea of AI playing a role in radiology, and 64% of participants were not concerned that AI would 
negatively affect their professional careers [15]. In a Saudi Arabian study, the majority of the sub-sample of radiologists were in favor 
of introducing AI in radiology practice (95%), with only 30% concerned about AI replacing their jobs [16]. A study from Syria 
investigating the knowledge, attitude, and practices of AI among physicians and medical students showed that only a small percentage 
of participants strongly agreed (8.4%) or agreed (13.1%) that AI could replace physicians in the future [17]. Contrary to the afore-
mentioned studies, another Saudi Arabian study, in which the authors targeted physicians, nurses, and technologists revealed that 
77.75% of respondents are concerned about their future jobs [18]. Apart from that, a recent local study was found which utilized A. I to 
determine clients’ satisfaction with inpatient psychiatric services [19]. 

To further add to the literature in this regard, the authors investigated the opinions of physicians from different specialties in 
Bahrain about the influence of AI on their daily clinical work, its benefits, and effects on job security. In Bahrain, the use of AI in the 
healthcare industry is in its earliest stages. The authors speculated that local physicians’ opinions towards AI would be comparable to 
global opinions in many respects, owing to the extensive use of technology by Bahraini citizens in everyday life. 

2. Materials and methods 

2.1. Design and participants 

A cross-sectional survey was conducted from October to December 2021 involving all registered psychiatrists, pathologists, and 
physicians practicing Ear, Nose, and Throat (ENT) and ophthalmology specialties in the main secondary care facility in Bahrain. The 
inclusion criteria included physicians practicing medicine from all sexes and nationalities, with a minimum of five years of experience 
following medical school graduation. By using a confidence level of 95%, margin of error of 5%, an effective response distribution of 
assumed 80% of total population size of 228, the estimated sample size is 119, we obtained 114. 

Equations for sample size n and margin of error E are given by: 

x=Z(c / 100)2r(100 − r)

n=N x/((N − 1)E2+ x)

E=Sqrt[(N − n)x / n(N − 1)]

2.2. Procedure 

The survey was administered online using Google Forms. Prior to participation, the participants were informed about the objectives 
of the study and procedure, and informed e-written consent with terms was obtained. Participants had to “check the box” of agree/ 
disagree; participation was voluntary and the participants could withdraw from the study at any stage. The survey was pilot tested for 
clarity on six physicians. Ethical approval was obtained from the Ethical and Research Committee, College of Medicine and Medical 
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Sciences, Arabian Gulf University, Bahrain (approval number: E34-pi-12-21, dated: December 28, 2021). 

2.3. Instrument and data collection 

A validated questionnaire from a previous study was used after obtaining formal permission from the original authors (6) via e- 
mail. The online survey consisted of three parts: 1) Demographic and AI knowledge; 2) Attitudes towards the future use of AI; and 3) AI 
benefits and drawbacks. The first part included questions regarding age, gender, years of experience, and self-rating of AI knowledge. 
The second part dealt with the future application of AI in 10 tasks of daily clinical work. The respondents were asked to mark the 
response to each task question as ‘likely’, ‘unlikely’, or ‘cannot judge’. 

The following tasks were included in the questionnaire – “Provide documentation”, “Provide empathetic care to patients”, 
“Interview patients in a range of settings to obtain medical history”, “Analyze patient information to detect possibility of criminal 
behavior/assault”, “Analyze patient information to detect self-harmful behavior”, “Synthesize patient information to reach diagnosis”, 
“Formulate personalized medication and/or treatment plans for patients”, “Evaluate when to refer patients to outpatient versus 
inpatient treatments”, “Analyze patient information to establish prognoses” and “Perform a physical examination, including mental 
status examinations”. 

The third part of the survey included the following items to evaluate the benefits and drawbacks of AI – “Affect life expectancy 
through easier access to healthcare”, “Cut down the time needed for diagnosis”, “Impact people with disability and mental health 
issues”, “Affect employment rates in the healthcare industry”, and “Perform with a less error rate than human physicians”. 

2.4. Data analysis 

IBM Statistical Package for the Social Sciences (SPSS) version 28 for Windows [IBM Corp., Armonk, NY, USA] was used for data 
analysis. Categorical data were expressed using frequency and percentages, while continuous data were analyzed using the mean and 
standard deviation. Analysis of Variance (ANOVA) and Post Hoc analysis with Bonferroni correction were used to assess differences 
among the means of different physician specialties. A p-value of less than 0.05 was considered statistically significant. 

3. Results 

A total of 114 physicians responded to the survey, most of whom were women (55.3%). Almost two-thirds (64.3%) of respondents 
belong to the younger age group of 30–50 years. The respondents were distributed among different clinical specialties as follows: 
psychiatry (n = 43 out of 53 contacted (81.3%), 10 were excluded due to retirement and change in job), pathology (n = 15/20, 75%), 
radiology (n = 17/23, 74%), and surgical specialties (n = 39/65, 60%). The population of psychiatrists and pathologists was accessed 
from a national registry, while radiologists and surgical specialists were physicians practicing medicine in the main general hospital, 
Salmaniya Medical Complex, Bahrain. The results for the socio-demographic characteristics and AI knowledge of the study participants 
are shown in Table 1. 

It was observed that 34.2% of respondents had more than 20 years of work experience and 37.3% had less than 10 years of 
experience. About 71% of respondents declared average and above average levels of AI knowledge, while only 29% reported poor and 
below average levels. The level of AI knowledge among participants was not assessed by authors. Only a small proportion of 

Table 1 
Demographic data and AI knowledge (n = 114).  

Item Category* Psychiatry Pathology Radiology Surgical Specialties Total 

(n = 43) (n = 15) (n = 17) (n = 39) (n = 114) 

N (%)  

Gender Male 19 (44.2) 4 (26.7) 9 (52.9) 19 (48.7) 51 (44.7) 
Female 24 (55.8) 11 (73.3) 8 (47.1) 20 (51.3) 63 (55.3) 

Age 20–40 12 (28) 8 (53.3) 9 (52.9) 25 (64.1) 54 (47.4) 
41–60 23 (53.5) 3 (20) 6 (35.3) 12 (30.8) 44 (38.6) 
60+ 8 (18.6) 4 (26.7) 2 (11.8) 2 (5.1) 16 (14) 

Years of Experience 6–10 8 (18.6) 8 (53.3) 7 (41.2) 22 (56.4) 45 (39.5) 
11–15 6 (14)  3 (17.6) 5 (12.8) 14 (12.3) 
16–20 10 (23.3)  4 (23.5) 3 (7.7) 17 (14.9) 
20+ 19 (44.2) 7 (46.7) 3 (17.6) 9 (23.1) 38 (33.3) 

Knowledge Poor 2 (4.7) 3 (20)  4 (10.3) 9 (7.9) 
Below Average 10 (23.3) 1 (6.7) 3 (17.6) 7 (17.9) 21 (18.4) 
Average 18 (41.9) 8 (53.3) 11 (64.7) 23 (59) 60 (52.6) 
Above Average 9 (20.9) 2 (13.3) 3 (17.6) 2 (5.1) 16 (14) 
Excellent 4 (9.3) 1 (6.7)  3 (7.7) 8 (7) 

Healthcare system equipped? Yes 11 (25.6) 5 (33.3) 5 (29.4) 5 (12.8) 26 (22.8) 
No 13 (30.2) 3 (20) 6 (35.3) 13 (33.3) 35 (30.7) 
Unsure 19 (44.2) 7 (46.7) 6 (35.3) 21 (53.8) 53 (46.5) 

Notes: *results are presented as frequency counts and corresponding percentages i.e., N (%). 
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Table 2 
Mean of respondents with an answer of “Likely” to the question “What is the likelihood that AI will replace physicians in performing tasks as well as or better than the average physician?“ (N = 114).  

Task Psychiatry Pathology Radiology Surgical Specialties  

(n = 43) (n = 15) (n = 17) (n = 39) 

Mean SD 95%CI [UL, 
LL] 

Mean SD 95%CI [UL, 
LL] 

Mean SD 95%CI [UL, 
LL] 

Mean SD 95%CI [UL, 
LL] 

*p- 
value 

Provide documentation (e.g., update medical records) about 
patients 

0.49 0.506 [0.33,0.64] 0.73 0.458 [0.48,0.99] 0.35 0.493 [0.10,0.61] 0.38 0.493 [0.22,0.54] 0.098 

Provide empathetic care to patients 0.09 0.294 [0.00,0.18] 0.13 0.352 [-0.06,0.33] 0.06 0.243 [-0.07,0.18] 0.08 0.270 [-0.01,0.16] 0.892 
Formulate personalized medication and/or treatment plans 

for patients 
0.30 0.465 [0.16,0.45] 0.60 0.507 [0.32,0.88] 0.65 0.493 [0.39,0.90] 0.46 0.505 [0.30,0.63] 0.049* 

Evaluate when to refer patients to outpatient vs. inpatient 
treatment or consultation 

0.33 0.474 [0.18,0.47] 0.73 0.458 [0.48,0.99] 0.53 0.514 [0.26,0.79] 0.51 0.506 [0.35,0.68] 0.039* 

Analyze patient information to establish prognoses 0.67 0.474 [0.53,0.82] 0.87 0.352 [0.67,1.06] 0.71 0.470 [0.46,0.95] 0.64 0.486 [0.48,0.80] 0.448 
Analyze patient information to detect possibility of criminal 

behavior/assault 
0.35 0.482 [0.20,0.50] 0.40 0.507 [0.12,0.68] 0.35 0.493 [0.10,0.61] 0.36 0.486 [0.20,0.52] 0.988 

Analyze patient information to detect self-harmful behavior 0.44 0.502 [0.29,0.60] 0.53 0.516 [0.25,0.82] 0.35 0.493 [0.10,0.61] 0.23 0.427 [0.09,0.37] 0.116 
Synthesize patient information to reach diagnoses 0.72 0.454 [0.58,0.86] 0.73 0.458 [0.48,0.99] 0.65 0.493 [0.39,0.90] 0.64 0.486 [0.48,0.80] 0.836 
Perform a physical examination, including mental status 

examination 
0.16 0.374 [0.05,0.28] 0.33 0.488 [0.06,0.60] 0.29 0.470 [0.05,0.54] 0.31 0.468 [0.16,0.46] 0.381 

Interview patients in a range of settings to obtain medical 
history 

0.51 0.506 [0.36,0.67] 0.8 0.414 [0.57,1.03] 0.29 0.470 [0.05,0.54] 0.59 0.498 [0.43,0.75] 0.032* 

Notes: *p-value is based on one-way analysis of variance (ANOVA). 
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respondents (12.8–29%) stated that the country’s healthcare system is not adequately equipped to deal with future AI applications. 
The respondents’ opinions varied according to clinical specialty. In general, pathologists were more welcoming and accepting of 

the future use of technology compared to others; they had a significantly larger proportion of respondents answering ‘likely’ to the 
“Formulate personalized medication and/or treatment plans for patients” tasks (60%, p = 0.049), “Evaluate when to refer patients to 
outpatient versus inpatient treatment or consultation” (73.3%, p = 0.039), and “Interview patients in a range of settings to obtain 
medical history” (80%, p = 0.032). The respondents answered ‘likely’ in the other seven tasks at similar rates, such as “Analyze patient 
information to detect possibility of criminal behavior/assault” and “Synthesize patient information to reach diagnoses” (p = 0.836, see 
Table 2 & Fig. 1). 

Regarding the benefits and drawbacks of AI, there was no statistically significant differences among the respondents (see Table 3 & 
Fig. 2). Most physicians agreed that AI would cut down the time needed for diagnosis – the mean response was 0.70(SD:0.465), 0.73 
(SD:0.458), 0.71(SD:0.470), and 0.62(SD:0.493), for psychiatry, pathology, radiology, and surgical specialties, respectively with no 
significant differences between them (p = 0.807). Similarly, the majority of respondents answered ‘likely’ to “Affect employment rates 
in the healthcare industry” – mean values 0.77(SD:0.427), 0.67(SD:0.488), 0.65(SD:0.493), and 0.82(SD:0.393) for psychiatrists, 
pathologists, radiologists, and surgical specialists, respectively (p = 0241). Around 27.19% of all respondents agreed to the statement 
that “AI will perform with a less error rate than human physicians,” with a mean value of 0.26(SD:0.441), 0.27(SD:0.458), 0.47 
(SD:0.514), and 0.21(SD:0.409) for psychiatrists, pathologists, radiologists, and surgical specialties, respectively (p = 0.241). 

Lastly, none of these findings were related to respondents’ age, gender, years of experience, or AI knowledge level. 

4. Discussion 

This study measured the knowledge and attitudes of physicians from different specialties towards future AI applications. The results 
suggest generally positive attitudes, which is consistent with studies conducted in developed countries [6–8]. These positive attitudes 
were not related to the respondents’ age, gender, years of experience, or knowledge of AI. These findings were anticipated, given the 
extensive use of technology by the Bahraini population and the high rate of internet penetration (99%, compared to 92% in the United 
States in 2022, for instance) [20]. Another possible explanation is that most respondents belonged to a younger age group (30–50 
years). The attitudes towards the use of AI in clinical tasks and its benefits and drawbacks were comparable between specialties, except 
for pathologists, who were more positive about the future use of AI. The application of AI in pathology may be foreseen as essential by 
pathologists in particular, and can be introduced rapidly provided adequate input from different stakeholders. 

Notably, the respondents exhibited a strong consensus on certain issues, such as the threat to future employment rates posed by AI. 
This particular finding is consistent with previous global studies [6,8]. However, contrary to expectations, this finding did not align 
with studies conducted in the Arab world [14–17]. Furthermore, with regards to AI performing as well as or better than the average 
physician in providing empathetic care, the participants in this study concurred with physicians worldwide [6,12,18]. Otherwise, the 

Fig. 1. Mean of respondents with an answer of “Likely” to the question “What is the likelihood that Al will replace physicians in performing tasks as 
well as or better than the average physician?” (Total sample, n = 114). 
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Table 3 
Mean of respondents with an answer of “Likely” to questions assessing some of the benefits and drawbacks of AI (N = 114).  

Task Psychiatry Pathology Radiology Surgical Specialties  

(n = 43) (n = 15) (n = 17) (n = 39) 

Mean SD 95%CI [LL,UL] Mean SD 95%CI [LL,UL] Mean SD 95%CI [LL,UL] Mean SD 95%CI [LL,UL] *p-value 

Affect Life Expectancy 0.66 0.480 [0.51,0.81] 0.8 0.414 [0.57,1.03] 0.65 0.493 [0.39,0.90] 0.46 0.505 [0.30,0.63] 0.113 
Cut down time needed for diagnosis 0.70 0.465 [0.55,0.84] 0.73 0.458 [0.48,0.99] 0.71 0.470 [0.46,0.95] 0.62 0.493 [0.46,0.78] 0.807 
Positive impact on disabled people 0.44 0.502 [0.29,0.60] 0.27 0.458 [0.01,0.52] 0.59 0.507 [0.33,0.85] 0.38 0.493 [0.22,0.54] 0.087 
Affect employment rates 0.77 0.427 [0.64,0.90] 0.67 0.488 [0.40,0.94] 0.65 0.493 [0.39,0.90] 0.82 0.393 [0.69,0.94] 0.235 
Perform with a less error rate than human physicians 0.26 0.441 [0.12,0.39] 0.27 0.458 [0.01,0.52] 0.47 0.514 [0.21,0.74] 0.21 0.409 [0.07,0.34] 0.241 

Notes: *p-value is based on one-way analysis of variance (ANOVA). 

M
.K. A

l-M
edfa et al.                                                                                                                                                                                                  



Heliyon 9 (2023) e14744

7

opinions of physicians in the current study align with those of physicians in a previous study involving 971 psychiatrists from 22 
countries [6]. In that study, psychiatrists were more positive about the use of AI in the “Synthesize patient information to reach di-
agnoses,” “Analyze patient information to establish prognoses,” “Analyze patient information to detect self-harmful behavior,” and 
“Interview patients in a range of settings to obtain medical history” tasks than international averages. However, they had less positive 
attitudes towards the “Provide documentation,” “Formulate personalized medication and/or treatment plans for patients,” and 
“Perform a physical examination, including mental status examination” tasks [6]. Few studies have reported dissimilar findings. In a 
recent study conducted in Malaysia, almost half of the participants were tech-savvy physicians, and 60% (as opposed to 30% in this 
study) believed that AI would have lower error rates than physicians [13]. It is worth mentioning that the Malaysian study involved 
physicians at a single center, while this study included physicians from two out of three major hospitals in Bahrain, thus obtaining a 
more representative sample of the target population. This study contributes to the literature on the knowledge of and attitudes towards 
AI among different physicians in the Arab world and provides a wide representation of registered physicians, especially psychiatrists 
and pathologists. However, certain limitations should be acknowledged. The numbers of radiologists and surgical specialists 
participating in the study may not be fully representative of these specialties in the country. Also, knowledge of AI was self-reported, 
and no attempt was made to assess it objectively. 

Artificial Intelligence (AI) is becoming an increasingly important tool in medicine, offering promising solutions to many healthcare 
challenges. AI is the ability of computers to understand and learn from data to accurately simulate and mimic human decisions and 
tasks. In medicine, AI can be used to make predictions, diagnose health conditions and suggest treatments. It can also be used to 
streamline the vast amount of information in medical records and to develop more targeted drugs, helping to reduce the cost of 
treatments and achieve better outcomes for patients. 

5. Conclusion 

This is one of the few studies in the region that investigates the attitudes and knowledge of practicing physicians towards the future 
use of AI. The responding physicians were generally welcoming to the use of AI in the field of medicine, which was comparable to 
global averages. Notably, pathologists were more open to the use of AI in their daily work compared to other specialties. The majority 
agreed that the health system is not fully equipped to deal with AI and were concerned about the effect of AI on their job security and 
the inability of AI to replace human skills in providing empathetic care. These findings must be presented to individual participant 
groups to further analyze the reasons behind the demonstrated attitudes and concerns. 
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