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Abstract

Background: The COVID-19 pandemic hasled to therapid proliferation of artificial intelligence (Al), which was not previously
anticipated; thisis an unforeseen development. The use of Al in health care settingsisincreasing, as it proves to be a promising
tool for transforming health care systems, improving operational and business processes, and efficiently simplifying health care
tasksfor family physiciansand health care administrators. Therefore, it is necessary to assess the perspective of family physicians
on Al and itsimpact on their job roles.

Objective: This study aims to determine the impact of Al on the management and practices of Qatar’s Primary Health Care
Corporation (PHCC) in improving health care tasks and service delivery. Furthermore, it seeks to evaluate the impact of Al on
family physicians' job roles, including associated risks and ethical ramifications from their perspective.

Methods: We conducted a cross-sectional survey and sent a web-based questionnaire survey link to 724 practicing family
physicians at the PHCC. In total, we received 102 dligible responses.

Results: Of the 102 respondents, 72 (70.6%) were men and 94 (92.2%) were aged between 35 and 54 years. In addition, 58
(56.9%) of the 102 respondents were consultants. The overall awareness of Al was 80 (78.4%) out of 102, with no difference
between gender (P=.06) and age groups (P=.12). Al is perceived to play a positive role in improving health care practices at
PHCC (P<.001), managing health care tasks (P<.001), and positively impacting health care service delivery (P<.001). Family
physicians aso perceived that their clinical, administrative, and opportunistic health care management roles were positively
influenced by Al (P<.001). Furthermore, perceptions of family physicians indicate that Al improves operational and human
resource management (P<.001), does not undermine patient-physician relationships (P<.001), and is not considered superior to
human physicians in the clinical judgment process (P<.001). However, itsinclusion is believed to decrease patient satisfaction
(P<.001). Al decision-making and accountability were recognized as ethical risks, along with data protection and confidentiality.
The optimism regarding using Al for future medical decisions was low among family physicians.

Conclusions: This study indicated a positive perception among family physicians regarding Al integration into primary care
settings. Al demonstrates significant potential for enhancing health care task management and overall service delivery at the
PHCC. It augments family physicians' roles without replacing them and proves beneficial for operational efficiency, human
resource management, and public health during pandemics. While the implementation of Al is anticipated to bring benefits, the
careful consideration of ethical, privacy, confidentiality, and patient-centric concernsis essential. These insights provide valuable
guidance for the strategic integration of Al into health care systems, with a focus on maintaining high-quality patient care and
addressing the multifaceted challenges that arise during this transformative process.

(IMIR Al 2024;3:e40781) doi: 10.2196/40781

https://ai.jmir.org/2024/1/e40781 JMIR Al 2024 | vol. 3| e40781 | p. 1
(page number not for citation purposes)


mailto:dratifwaheed@gmail.com
http://dx.doi.org/10.2196/40781
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR Al

KEYWORDS

Waheed & Liu

Al; artificial intelligence; perception; attitude; opinion; surveys and questionnaires; family physician; primary care; health care
service provider; health care professional; ethical; Al decision-making; Al challenges

Introduction

Background

There is no universal definition for artificial intelligence (Al)
[1]. Al hasbeen defined in the literature as the branch of applied
computer sciences in which algorithms are designed and are
intended to perform different tasks while mimicking human
intelligence [2]. It has been further defined as technol ogies that
not only mimic human intelligence but can surpass them [3].

The global Al market in health care is projected to reach US
$27.6 billion by 2025 [4]. One of the studies estimated that Al
could save US $150 hillion per annum by 2026 [5]. The human
resourcecrisisin health careisalready ontherise[6]. Theglobal
shortage of health care workersis approximately 17.4 million.
Approximately, 50% of existing jobs will be in jeopardy or
obsoletein 20 years[7].

Primary care is where Al would be most used in terms of
opportunities on the broadest scale, where its power and future
would be realized [8]. Moreover, Al has been regarded as a
transformational forcein the health care sector dueto itsimpact
on key stakeholders, such as primary care physicians, patients,
systems, and financiers. Al will significantly impact many
dimensionsof clinical practicein the coming years, as machine
learning (ML) and deep learning (DL) continue to hasten and
will bring many advantages to both patients and clinicians [9].
Thereisnot much literature on the impact of Al on employees,
as little effort has been made empirically to study its impact
[10]. Moreover, it is essential to know if Al is beneficia or
detrimental to employees, as assisted Al, augmented Al, and
autonomous Al have different implications on employee'sroles.
Physicians are required to adjust their roles accordingly as Al
is modeling practices nowadays, and if physiciansfail to adjust
their roles, it can lead to detrimental effects on overall patient
care[11]. Physicians must be prepared to embrace the changes
that Al will bring to their roles and to lead this change
themselves. Furthermore, primary care physiciansin health care
arethe main stakeholdersand the most crucial, valuable, highly
knowledgeable, and skilled human resource. Hence, it is
essential to understand family physicians' overall perception
of Al application in primary care to develop organizational
policies, modernize information technology infrastructure,
develop Al literacy among physicians, establish and modify
data privacy, data confidentiality, and code of ethics for the
successful adoption and implementation of technology to gain
a competitive advantage.

Aims and Objectives

This study assessed the role of Al in the management and
practices of the Primary Health Care Corporation (PHCC) in
Qatar, emphasizing its fundamental potential in health care
management. The primary objective wasto eval uate the impact
of Al inimproving health care practice at the PHCC. In addition,
the study sought to determinetherole of Al in managing health
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care tasks and assess itsimpact on family physicians’ job roles.
Moreover, thisresearch also examined the challengesand ethical
ramifications associated with introducing Al in primary care
services at the PHCC.

Literature Review

Understanding Al

Al is related to developing machines that mimic human
cognitive processes such as learning, reasoning, and
self-correction [3,12] and to performing tasks similar to ahuman
mind [1]. It involves applying theoretical principles and the
operation of applicable operating model sto automate intellectual
behaviors [13]. Al includes new concepts and solutions to
address complex challenges [14]. In the field of medicine, Al
introduces novel concepts such asadigital physician, reshaping
the landscape [15].

Conceptualization of Al

The core of the Al system comprises neural-like elements, which
are interconnected growing networks similar to a human brain
that is active, associative, and homogenous with the ability to
perceive, apprehend, and saveinformation, enabling the system
tolearn, train, reason, and classify datato locate various patterns
and connections to control external modalities [16]. To
understand Al, it is essential to understand 2 key forms of Al:
general and narrow Al. General Al refersto amachine’s ability
to perform any intell ectual task performed by a human, whereas
narrow Al algorithms are designed for a limited task. Health
applications using Al are generaly of the narrow type. Al
subfieldsin the health care sector are expert systems, automation
of robotic processes, natural language processing, ML, and DL
[6]. An example of an expert systemisclinical decision support
systems. The growth of Al in health care has been possiblein
recent decades due to the faster computer processing of data
and data collection. Large amounts of data collection have been
possible due to widespread electronic health records, mobile
health, telehealth, and the Internet of Things. Improvementsin
natural language processing, ML, and DL have made Al possible
up to the stage where it mimics human intelligence, fueling
active discussion in the literature on whether Al can replace
human doctors in the future [17].

Al and Health Care

The rapid growth of technology in health care has become a
catalyst for evidence-based practice, and the integration of Al
holds significant potential for improving health care service
delivery [18]. The perceptions of Al's impact, coupled with a
deep understanding of the knowledge and interests of family
physicians within primary care settings, is pivotal for the
successful  implementation of Al-based applications.
Surprisingly, in an extensive survey across 4 of Saudi Arabia's
largest hospitals, a general lack of Al knowledge was evident
among 250 doctors, nurses, and technicians[19]. Thissignifies
the importance of addressing knowledge gaps to harness the
benefits of Al effectively.
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A gender-specific perspective on Al knowledge was highlighted
in astudy among 387 medical studentsin India, revealing that,
although female students exhibited little initial Al knowledge,
they displayed heightened interest in the field [20]. Moreover,
Al was perceived to play a magjor role in health care service
delivery in the future. This gender dimension adds nuance to
the broader understanding of Al adoption in health care.

The projected role of Al in future health care service delivery
is significant. Examples abound, such as Al therapy, which is
aweb-based course developed by the University of Sydney that
uses cognitive behavioral therapy to help patients with social
anxiety disorder [21]. In pathology, a DL-based convolution
neural network achieved performance comparable with that of
a human pathologist for detecting metastatic breast cancer in
tissue dides from a lymph node biopsy. Similarly, the
convolutional neural network—based system was more precise
and accurate for a tissue slide—based scoring system to predict
adeclinein kidney function than atraditional pathologist [22].
In ophthal mol ogy, the Food and Drug Administration—approved
DL system has been used to detect diabetic retinopathy.
Similarly, the DL system has been developed and evaluated to
diagnose and classify cataracts in pediatric patients based on
dlit-lamp examination images, glaucomabased on retinal nerve
fiber layer or visud field, and keratoconus based on Scheimpflug
tonometry [22]. Physical robots are becoming more sophisticated
asAl isincorporated into their operating systemsand are likely
to show the same intelligence level as other Al applications
[23]. Moreover, surgica robots are also used in minimally
invasive procedures such as in urological; gynecological; and
ear, nose, and throat surgeries. In recent advances in Al
applications, IBM’s Watson is an aiding tool for physicians to
detect cardiovascular diseasesand cancer [21]. The|BM Watson
system can search and analyze data from a wide range of
sources, surpassing human physicians' capacity in knowledge
[22]. Similarly, the picture archiving and communication system
can detect signs of diseases from chest x-ray, ultrasound,
magnetic resonance imaging, and computed tomography (CT)
scan by contextualizing data from past images, clinical reports,
and laboratory studies [24]. Opportunistic health care
management isthe provision of health services or interventions
that are not planned but rather is an opportunity to address a
health care need or anissue such as smoking cessation, screening
for hypertension, prediabetes, and diabetes during a routine
medical consultation. In the United Kingdom, for example, as
apublic health policy, “Making Every Contact Count” requires
health care professionals to provide such interventions [25].
Thisrole of the physician can be assisted by Al. Al can be used
for opportunistic screening for diabetic retinopathy [26] and
opportunistic screening of low bone density using contrast and
noncontrast CT examinations[27]. Al agorithmsidentify minor
or subclinical el ectrocardiogram abnormalitieslinked to ahigher
risk of developing left ventricular systolic dysfunction in the
future [28]. During the COVID-19 pandemic, Al performed
exceptionally well in the diagnosis, prognostic evaluation,
epidemic forecasting, and drug discovery processes [29].

Building upon this extensive literature review, the following
hypotheses were formul ated:
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Hypothesis 1: perceived knowledge of Al among family
physicians within the PHCC does not vary significantly
based on age and gender.

Hypothesis 2: family physicians at the PHCC perceive Al
to have apositive impact on enhancing health care practices.
Hypothesis 3: family physicians at the PHCC perceive Al
to positively influence their roles in opportunistic health
care management.

Al in Primary Care

The rapid advancement of Al technology has brought about
transformative changes in health care management and hasthe
potential to revolutionize various aspects of medical practice.

Kueper et al [30] conducted a scoping review of the literature
on Al’s application in primary care, highlighting the evolving
landscape of Al adoption. This study showed a shift from
traditional expert systems to more sophisticated approaches,
particularly supervised ML, mirroring the rapid advancesin Al
technologies. This paradigm shift holds profound significance
for health care management, as Al gainsincreasing recognition
as an asset in supporting health care professionals to make
well-informed clinical decisions, especially when managing
chronic conditionsin high-income countries.

Al can assist with various health care tasks in primary care
settings. Al predictive analyticstools have proven their efficacy
in managing health care tasks [31]. These tasks include
maintaining precise medical records, scheduling, inventory
management, cost tracking, health promotion, clinical diagnosis,
treatment planning, and devel oping care management plans. Al
has the potential to enhance hedlth care outcomes by
streamlining operations within the health care system. Current
academic literature presents an increasing trend in Al use in
primary care and its positive effect on health care tasks,
particularly in clinical management responsibilities [18]. The
emergence of Al in electronic health record systems, which are
extensively used today, has proven to be highly effective.
Al-based clinical decision support systems have continued to
evolve. Clinical decision support systems assist physiciansand
enhance patient safety by preventing dosage errors, drug
duplication and presenting information on drug and drug
interactions. Moreover, these systems hel ps physiciansto adhere
to clinical guidelines, order and interpret laboratory results,
issue promptsand alertsfor abnormal results, suggest follow-up
actions, render treatment reminders and provide support for
clinica and diagnostic coding [32]. Early diagnosis and
treatment are essential for improving health outcomes. Al has
shown its effectiveness in assisting doctors with image-based
diagnoses of skin conditions and in proactively identifying
patients at risk of developing dementia [15]. In England’s
National Health Services, innovative applications of Al range
from triage and symptom assessment to the automatic coding
of clinical data, both in primary and community health care
settings, thereby supporting personalized care management.
This integration not only improves the quality of care but also
savesvaluabletimefor physicians, allowing them to focus more
on providing personalized patient care. Whilethetransformative
potential of Al in clinical roles is evident, its impact on
administrative functions has been relatively less explored [23].
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Nevertheless, Al can play a vital role in optimizing
administrative processes such as insurance collection, clinical
reporting, medical billing, sales cycle management, and medical
record management, ultimately contributing to more efficient
health care operations and resource alocation. Al systems can
perform routine operational tasks such as maintenance system
management, accounting, and information inquiry much better
and faster than human workers. Al-enabled chatbotsand nursing
robots can significantly improve operational process efficiency
and reduce medical cost [33].

Collective evidence from the literature strongly suggests that
Al holds promise as a constructive tool for managing various
health caretasks at the PHCC. Itsintegration is expected to lead
to improved clinical decision-making, operational efficiency,
and ultimately contribute to enhanced patient care.

Accordingly, the following hypotheses were devel oped:

- Hypothesis4: Al is perceived to play aconstructiverolein
managing various health care tasks in PHCC.

« Hypothesis 5: family physicians at the PHCC perceive Al
as having a positive impact on their clinical management
responsibilities.

« Hypothesis 6: family physicians at the PHCC perceive Al
as having a positive impact on their administrative
management tasks.

« Hypothesis 7: Al is perceived to significantly improve the
operational processes at the PHCC.

Al and Physicians

Whether Al will eventually replace physicians or complement
themistill being debated, but it will significantly impact health
care management activities and service delivery. The study by
Ahuja[22] investigated whether Al will augment the physician’s
role or eventualy replace them using a quantitative survey
methodology. The key finding was that Al would eventually
replace radiologists in the field of radiology. This is because
Al is more efficient and can handle and interpret millions of
images in seconds. Al could interpret CT scans during the
COVID-19 pandemic with 96% accuracy in just 20 seconds
[34]. However, it haslimitations, such astheinability to engage
in complex interactions (ie, communication) with patients,
failing to reassure patients, and to convey empathy. The study
by Sarwar et al [35] concluded a positive attitude toward Al by
taking the opinions of 487 pathologists from 54 countries
regarding Al. However, the mgjority also had concernsregarding
Al replacing their jobs. Al can triage cases as benign or
malignant casesto pathol ogists, increasing diagnostic efficiency
and accuracy and automated reporting, freeing 40% of
pathologist time by reducing the workflow [36]. Esteva et al
[37] conducted a comparative study testing 21 board-certified
dermatologists against a convoluted neural network—trained
system fed with 129,450 clinical images to the system. This
study concluded that the CNN outperformed dermatologistsin
terms of both sensitivity and specificity. The study by Karches
[38] argued that human physician judgment would remain better
than that of Al in aprimary care setting, as Al cannot adjust to
recommendations according to individual patients’ needs.
However, it cannot fine-tuneits perception based on the patient’s
history and examination, which appears to be a human-only
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ability. The study by Amishaet a [21] contends that machines
cannot gather cues that only a physician can do during a
patient-physician encounter. The machine cannot translate
human traits, such as empathy, creativity, imagination, critical
thinking, emotional intelligence, and interpersona
communication, both analytically and logically. According to
the study by Mesko et a [39], the human physicianisinevitable
as empathy, communication, and human touch are included in
the entire treatment process, which Al cannot provide; hence,
Al will only be a helpful cognitive assistant. Physicians and
nurses provide care to patients in an empathetic and
compassionate environment that robotic physicians and nurses
will not be able to do, as they lack the human characteristics of
compassion [40]. Trust, empathy, and compassion are widely
acknowledged as the core principles of effective health care
[41]. Empathetic care enhances patient satisfaction.

Accordingly, the following hypotheses were devel oped.

« Hypothesis 8: the application of Al in health care tasksis
perceived to lead to improved health care service delivery
at the PHCC.

«  Hypothesis 9: family physicians at the PHCC believe that
Al islesslikely to replace their current job roles.

« Hypothesis 10: family physicians at the PHCC perceive
that Al decision-making does not surpass the judgment
process of human physicians.

- Hypothesis 11: family physicians believe that the
introduction of Al at the PHCC reduces patient satisfaction.

Al and Human Resource Management

Al is promising for closing the care gap in resource-poor
settings, as digital health is widening. Al can address human
resource shortages by ameliorating diagnostics, administrations,
big analytics, and health care decisions [39]. Al and big data
have significant impacts on strategic human resource
management. Its digital transformation improves business
processes [42] through the employee recruitment process (hiring
and selection) and performance evaluation by providing
real-time and accurate data and positively impacting staff
retention [43]. Al is reported to reduce costs by providing
evidence-based and affordable care to patients [39].
Furthermore, this will improve the overall quality of care. The
actual economic impact of Al on health care is undetermined
dueto the methodol ogical deficienciesintheliterature analyzed
in a systematic review [44]. Human resource management
confers a competitive advantage through employment
management by placing capable and highly committed workers
and incorporating structural, cultural, and personal techniques
[45]. Human resource management aims to manage human
capital in modern organizations, which is the most vital asset.
Instead of focusing on power, human resource management
should invest more in employee training and devel opment
becauseit isasignificant source of innovation and devel opment
[46]. Mutual complementation of humans and machines creates
more value for the organization, as machines help data
interpretation and analysis, and humansin innovation and social
interaction. Al frees employees from repetitive tasks, but at the
sametime, it also needsthe devel opment of higher collaborative
competencies among employees. Firmsin the future would need
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new human resource plans with the need to devel op policies by
reviewing the need for structural changes and capacity models,
and recent reforms would be required for enterprise human
resource management. Furthermore, a negative attitude toward
Al needs to be addressed among employees by properly
engaging them and studying Al in depth [46].

Accordingly, the following hypothesis was devel oped:

Hypothesis 12: the introduction of Al is perceived to assist
and enhance human resource management practices at the
PHCC.

Al Challenges, Risks, and Ethical Ramifications

The study by Lai et al [1] argued that there are many concerns
regarding Al. These include the fuzzy notion of Al, health data
confidentiality issues, growth in Al knowledge, international
competition, and disruption of the patient-physician relationship.
Furthermore, the diagnosis and decision-making landscape is
expected to change for both physicians and patients, and these
developments would impact the entire health care system. The
implementation of Al will be another challenge, and Al must
add vaue and should support and not subvert the
patient-physician relationship, as health careisasocial endeavor
based on human interactions. If Al is implemented correctly,
emotional and cognitive spaces would open for physicians;
however, if implemented incorrectly, it will have severe
consequences [8]. The existing information technology
infrastructure might be outdated to adopt Al systems, which
will require careful review before implementation. The adoption
of Al-based technol ogies by resource constrained countries can
bewider, asthey will be more open to policy changes compared
to resource-rich countries [39]. With the introduction of Al
technology, the patient-physician relationship will change
significantly. The hierarchy will still be in place and the
patient-physician relationship will be morejust than ever before
but patients autonomy is still a question. Similarly, the
development of standardsfor collecting dataand testing, which
stakeholders, clinicians, industry, and scientists should lead,
will be challenging.

Accordingly, the following hypotheses were devel oped:

« Hypothesis 13: the implementation of Al is not expected
to undermine the patient-physician relationship from the
family physician’s perspective at the PHCC.

«  Hypothesis14: family physicians perceptions of challenges
and ethical ramificationswhenintroducing Al at the PHCC
do not significantly differ based on age and gender.

Methods

Overview

This study adopted a cross-sectional research design, using a
guantitative approach. The primary focus of a quantitative
methodology is to identify the relationship between variables
and to accept or reject connections or linkages between these
variables [47]. Moreover, it reduces bias probabilities, as the
researcher is independent of the respondents, both physically
and emotionally, and establishes standardization of investigation
and interpretation rather than situational analysis.
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Participants and Data Collection

The PHCC in Qatar isthe main provider of primary health care
servicesviaits 28 health centers, scattered across all regions of
Qatar. There are 724 family physicians working in the
organization. On the basis of a Cl of 95%, an expected
proportion of 0.5, and a margin of error of 5, the sample size
was 252. The questionnaire was sent via PHCC intranet email
by the operations department of the PHCC to al family
physicians for 4 weeks in March 2021, with reminder emails
sent after the second and third week. A total of 132 physicians
participated in the study. Among them, 102 questionnaireswere
fully completed that were eligible for dataanalysis. Incomplete
guestionnaires were not included because all questions were
eligible for the hypothesis test. The response rate was 14.1%
(102/724).

The demographic characteristics of participantswho were early
and late responders were analyzed by splitting the data into 2
groups based on the date of response. The analysis showed that
early responderswere similar to late respondersin age (P=.15),
gender (P=.99), working status (P=.33), and licensed years
(P=.11). Although the responserate waslow, it can be assumed
that the nonresponse bias was minimal .

Data Analysis

Data collected from participants using Survey Monkey software
(Symphony Technology Group) were transferred to SPSS
(version 27; IBM Corp) for statistical analysis. Theinformation
was codified using the data statistics editor in SPSS. The Likert
scale had 5 categories: strongly agree, agree, neutral, disagree,
and strongly disagree. The Likert scale datawereforward scored
on anumeric scale of 1to 5 to facilitate statistical analysis.

Descriptive and inferential statistical models were used to
analyze the survey results. Nonparametric tests were chosen
because the data were not normally distributed, as confirmed
using the Kolmaogorov test. The Shapiro-Wilk test iscommonly
used for sample sizes <50, while the Kolmogorov approach is
used for sample sizes >50 to assess the normality of the data
distribution [48].

The Spearman rho correlation coefficient, which assesses the
2-way linear relationship between 2 variables, was used to
determine whether the application of Al in health care tasksis
perceived to lead to improved health care service delivery at
PHCC. The Spearman rho correlation value ranges from +1 to
-1, where O represents no relationship, +1 indicates a perfect
positive correlation, and —1 indicates a perfect negative
correlation [49].

The chi-square goodness-of-fit test, comparing expected and
observed valuesin categorical variables[50], was used to assess
family physicians’ perceptions of Al’srolein job replacement,
human resource management, and patient-physician
relationships. The chi-square test of homogeneity, comparing
proportions between >2 groups [51], was used to examine
variations in Al knowledge and challenges, as well as ethical
ramifications by age and gender. To compare column
proportions by age and gender groups, multiple correctionswere
made using the Bonferroni correction.
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The 1-sample Wilcoxon test was used to assess perceptions of
Al’s positive impact on health care practices, clinical and
administrative tasks, and patient satisfaction at the PHCC. This
test, an alternative to the standard 1-sample t test, is assumed
to be more sensitive to the sign test, measuring positive and
negative ranks for testing significance using the hypothesized
median set as neutral (0) when testing these hypotheses [52].

Validation

The survey questionnaire, comprising 47 questions, underwent
a systematic process of piloting, testing, and validation to
eliminate potential ambiguity for the respondents. Primarily
using the Likert scale, it covered five main constructs: (1)
demographics (4 items), exclusively designed to capture
participant data without internal consistency measurement; (2)
family physician's knowledge and perspective on clinical
management of Al (11 items, Cronbach a=0.873); (3) family
physician perspective on administrative management of Al (10
items, Cronbach 0=0.916); (4) family physician’s perspective
on public heath management of Al (9 items, Cronbach
0=0.930); and (5) family physicians' perspectives on Al
challenges, ethical ramifications, and impact on job roles (13
items, Cronbach a=0.744). The overall Cronbach a score for
the research instrument, excluding demographics, was 0.937,
indicating exceptional reliability per the established standard
[53]. The respondents took mean time of 12 (SD 9) minutesto
complete the survey.
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Ethical Consider ations

This paper was developed from the first author’'s (MAW'S)
dissertation that he completed with the University of Liverpool
in partial fulfillment of the requirements for a master’s degree
when the second author (LL) was the supervisor. The original
research project was approved by both the University of
Liverpool, United Kingdom Research Ethics Committee, and
PHCC, Qatar Research Subcommittee (approval no:
PHCC/DCR/2020/07/079). Permission was obtained by sending
aquestionnaire viathe intranet email from the organization. In
theweb-based survey questionnaire, aninitia pagewas provided
to participants to explain the nature, purposes, and expected
duration of the research. Moreover, it was ensured to the
participants that this study was entirely voluntary, their data
would be dealt with in the strictest confidential manner, and no
information would be collected to identify them.

Results

Descriptive Statistics

Descriptive statistics were used to summarize the research
findings using the frequency and percentage of responses. The
responses on the Likert scale were collapsed and recategorized
into 3 main groups: agree, neutral, and disagreed.

Demographic Data

The demographic dataare summarized in Table 1. The mgjority
of respondents (72/102, 70.6%) were men, 94 (92.2%) out of
102 were in the age group of 35 to 54 years, and 58 (56.9%)
out of 102 worked as consultants.
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Characteristics

Values, n (%)

Age groups (years)

25-34
35-44
45-54
55-64

Gender

Men

Women

Working status

General practitioner
Pediatrician
Associate specialist
Consultant

Senior consultant
Manager

Executive

Licensed years

1-2
2-5
5-10
10-20
20-30
30-40

1(1)
44 (43.1)
49 (48)
8(7.8)

72 (70.6)
30 (29.4)

27 (26.5)
1(1)
7(6.9)
58 (56.9)
7(6.9)
1(1)
1(1)

2(2)
16 (15.7)
29 (28.4)
31(30.4)
19 (18.6)
5 (4.90)

Per ceived Knowledge of Al

Of the 102 family physicians surveyed for Al awareness, 7
(6.9%) out of 102 were extremely aware, 18 (17.6%) out of 102
werevery aware, 55 (53.9%) out of 102 were somewhat aware,

Table 2. Perceived knowledge of artificial intelligence (Al; N=102).

20 (19.6%) out of 102 were not so aware, and 2 (2%) out of 102
had no awareness. Overdl, Al awareness among PHCC
physicians was 78.4% (80/102). The results are summarized in
Table 2.

Perceived knowledge of Al Values n (%)
Extremely aware 7(6.9)

Very avare 18 (17.6)
Somewhat aware 55 (53.9)
Not so aware 20 (19.6)
Not at all aware 22

Overall awareness 80 (78.4)

Family Physicians Perspective on Clinical and

Administrative Roleof Al in Health Care M anagement
Table 3 depicts the perspective of family physicians on the
clinical and administrativerole of Al in health care management.
Most of the respondents (73/102, 71.6%) acknowledge the
potential of Al in triage, while 60 (58.8%) out of 102 believe
in its efficacy for assisting in emergency case management.
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Regarding clinical assessment and diagnostic management tasks,
69.6% (71/102) agree with the assistive role of Al, with 55
(53.9%) out of 102 of physicians foreseeing its capability to
surpass conventional methods of diagnostic report management.
Furthermore, 81 (79.4%) and 56 (54.9%) out of 102 of
physiciansbelievein Al's assistance in medi cation management
requirements and improving patient treatment compliance,
respectively. On the administrative role of Al, most physicians
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(86/102, 84.3%) perceive Al as managing health care
performance by enhancing information dissemination, while
78 (76.5%) out of 102 anticipate improved efficiency in health
care administrative activities. The positive perceptions extend
to the care management systems, with 83 (81.4%) out of 102

Waheed & Liu

agreeing on Al’s improving them and 79 (77.5%) out of 102
endorsing its ability to reduce medical errors. This collective
optimism highlights the potential transformative impact of Al
in enhancing the clinical and administrative roles of family
physicians and, hence, health care delivery.

Table 3. Family physicians' perspective on the clinical and administrative management role of artificial intelligence (Al; N=102).

Agree, n (%) Neutral, n (%) Disagree, n (%)

Al on clinical management
Al can assist in triage

Al can assist in managing emergency cases

Al will assist in clinical assessment and diagnosis management tasks easy

Al will supersede the conventional methods of diagnostic reports management

Al will improve clinical judgment process

Al hasthe potential for the task management and clinical investigation and data

storage
Al will assist to follow clinical pathways
Al will assist in medication management requirements
Al integration will make patients treatment compliance better
Al enhances overall management of patient care
Al on administrative management
Al integration will help in improving care management systems

Al can make effective plansto reduce medical errors

Al will help in managing health care performance by improving information dissem-

ination

Al will be more helpful in management of service provision

Al integration will make health care administrative activities more robust and suc-

cessful

Al helpsin financia planning and management

Al assistsin health care policy making

Al has potential for planning treatment care pathways

Al will assist human resource management (recruitment and retention)

Al introduction will be advantageous to administrative staff

73 (71.6) 23 (22.5) 6 (5.9)
60 (58.9) 27 (26.5) 15 (14.7)
71 (69.6) 24 (23.5) 7(6.9)
55 (53.9) 30 (29.4) 17 (16.7)
65 (63.7) 28 (27.5) 9(8.9)
86 (84.3) 15 (14.7) 1(1)

82 (80.4) 19 (18.6) 1(2)

81 (79.4) 19 (18.6) 2(2)

56 (54.9) 35 (34.3) 11 (10.8)
71 (69.6) 29 (28.4) 2(2)

83 (81.4) 18 (17.6) 1(1)

79 (77.5) 22 (21.6) 1(1)

86 (84.3) 15 (14.7) 1(1)

78 (76.5) 22 (21.6) 2(2)

78 (76.5) 20 (19.6) 4(3.9)
75 (73.5) 24 (23.5) 3(2.9)
67 (65.7) 24 (23.5) 11 (10.8)
73 (71.6) 23 (22.5) 6(5.9)
65 (63.7) 29 (28.4) 8(7.8)
74 (72.5) 23 (22.5) 5(4.9)

Family Physicians Perspective on the Role of Al in
Public Health Management

Table 4 presents the family physicians’ perspectiveson therole
of Al in public health management. Family physicians
overwhelmingly supported theintegration of Al in public health,
with 80 (78.4%) out of 102 respondents endorsing its role in
organizing tasks for public health awareness and 84 (82.4%)
out of 102 endorsing its role in managing public health
surveillance. Interestingly, 85 (83.3%) out of 102 agreed on

https://ai.jmir.org/2024/1/e40781

Al’sefficacy in providing disease reportsfor disease prediction
and management. A significant majority (86/102, 84.3%)
perceived Al as a valuable tool for opportunistic health care
screening. Moreover, 78 (76.5%) out of 102 believed in Al's
effectiveness during epidemicsand 72 (70.6%) out of 102 agreed
that it aidsin managing health care logistics and reducing costs
during pandemics. These findings highlight the positive
perception of Al's multifaceted benefits in enhancing public
health strategies and outcomes.

IMIR Al 2024 | vol. 3| e40781 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR Al

Waheed & Liu

Table 4. Family physicians' perspectives on the role of artificial intelligence (Al) in public health management (N=102).

Agree, n (%) Neutral, n (%) Disagree, n (%)

Al on public health management
Al isbeneficia for organizing tasks for public health avareness

Al helpsin disease screening and monitoring

Al isan efficient tool for assessing and managing risks to public health

Al hasthe potential for providing reportsfor disease prediction and disease manage-

ment

Al may be considered by physicians as a beneficial tool in managing public health

surveillance

Al introduction in health care management will make opportunistic health care

screening easier
Al is effective tool in managing quality of care in epidemics

Al isan efficient tool in disease containment projects planning

Al will help in managing health care logistics and reduce cost during pandemics

80 (78.4) 21(20.6) 1(1)
84 (82.4) 17 (16.7) 1(1)
80 (78.4) 20 (19.6) 2(2)
85 (83.3) 17 (16.7) 0(0)
84 (82.4) 18 (17.6) 0(0)
86 (84.3) 16 (15.7) 0(0)
78 (76.5) 21 (20.6) 3(2.9)
73 (71.6) 27 (26.5) 2(2)
72 (70.6) 30 (29.4) 0(0)

Family Physicians Perspective on Al Challenges and
Ethical Ramificationsin Health Care and I mpact on
Their Job Roles

Table 5 showsthat family physicians expressed concerns about
Al challenges, ethical ramifications in health care, and their
impact on their job roles. A magjority (61/102, 59.8%) worried
about patient confidentiality due to potential hacking of
Al-managed health care records; similarly, 61 (59.8%) out of
102 were concerned about the risk to organizations' confidential
data. Regarding decision-making, 69 (67.6%) out of 102
acknowledged potential conflictswith humans dueto differences
in decision-making and 80 (78.4%) out of 102 expressed concern
about Al lacking emotional input. Patient satisfaction was a
concern for 76 (74.5%) out of 102 due to the absence of
emotions in Al-driven decisions. In addition, 65 (63.7%) out
of 102 believed Al’s clinical judgment may be inferior to that

https://ai.jmir.org/2024/1/e40781

of physicians. While 42 (41.2%) out of 102 agreed Al could be
accountable in malpractice cases, 89 (87.3%) out of 102
emphasized the need for Al training for health care managers
and staff. However, 33 (32.4%) out of 102 found learning Al
challenging for health care staff. Family physicians expressed
nuanced views on Al’s impact on their roles. The majority
(74/102, 72.5%) believed that Al cannot replacetheir jobs, with
53 (52%) out of 102 asserting that it will not undermine the
patient-physician relationship. A total of 35 (34.3%) out of 102
were opentousing Al in medical decisionsin the future. These
findings demonstrated family physicians' perceived Al risks,
such as data privacy, confidentiality, the decision-making
process of Al, its accountability in cases of malpractice, and
the need for training to learn Al. Moreover, it also highlighted
abalanced perspective on Al’srole, emphasizing Al augmenting
the roles of family physicians rather than replacing them.
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Table 5. Family physicians' perception on artificia intelligence (Al) challenges and ethical ramifications and impact on their job role (N=102).

Agree, n (%) Neutral, n (%) Disagree, n (%)

Al challengesand ethical ramifications

Management of health care records through Al may threaten patient confidentiality
due to hacking

Management through Al may threaten health care organizations confidential data
due to hacking

Management of health care operationsinvolving Al may conflict with humans due
to difference in decision-making

Decision-making process by Al in health care encounters lacks emotional input

Management of decision-making processthrough Al may decrease patient satisfaction
due to lack of emotions

Patients’ satisfaction is decreased with inclusion of Al in decision-making process
management

Process of clinical judgment by Al might be inferior to that made by physicians

In case of malpractice Al integration in decision-making process can be held account-
able

Health care managers and staff will require training in Al-based operations

Management of health care processes through Al are hard to learn for health care

staff
Al could not replace physician job
Al would not undermine patient-physician relationship

Al will be used in making medical decision in future

61 (59.8) 32 (31.4) 9(8.8)
61 (59.8) 30 (29.4) 11 (10.8)
69 (67.6) 26 (25.5) 7(6.9)
80 (78.4) 16 (15.7) 6(5.9)
76 (74.5) 18 (17.6) 8(7.8)
47 (46.1) 42 (41.2) 13(12.7)
65 (63.7) 26 (25.5) 11 (10.8)
42 (41.2) 39 (38.2) 21 (20.6)
89 (87.3) 12 (11.8) 1(1)

33 (32.4) 40 (39.2) 29 (28.4)
74.(72.5) 17 (16.7) 11 (10.8)
53 (52.0) 28 (27.5) 21 (20.6)
35 (34.3) 43 (43.1) 23 (22.5)

Hypothesis

Table 6 illustrates a summary of the hypotheses tested, the
statistical tests used, corresponding P values and key findings
with their relevant implications. The perceived knowledge of
Al among different age and gender groups (hypothesis 1)
examined by using the chi-square test of homogeneity showed
no statistical significance for the perceived knowledge of Al
among family physicians within the PHCC based on age and
gender groups. The awareness of the physicianswho were men
was (60/72, 83%), and that of the women awareness was (20/30,
67%; P=.06). Similarly, regarding the awareness of Al between
physicians aged 18to 54 years (72/94, 77%) and aged >55 years
(8/8, 100%) with P=.12. Licensed years and working status also
had no statistical significance with awareness of Al (P=.50 and
P=.51, respectively). Chi-square tests of homogeneity showed
no significant differences across age and gender groups
regarding 10 item, Al challenges and ethical ramifications

https://ai.jmir.org/2024/1/e40781

(hypothesis 14; P>.05). A 1-sample Wilcoxon signed-rank test
confirmed aperceived positiverole of Al in health care practice,
task management, and operational processes a PHCC
(hypotheses 2, 4, and 7; P<.001). In addition, a Spearman rho
test demonstrated a moderate to strong correlation between
health care tasks and health care service delivery (hypothesis
8; Spearman rho=0.679, P<.001). Theanalysesusing al-sample
Wilcoxon signed-rank test further supported the positive impact
of Al onfamily physician opportunistic health and clinical and
administrative roles (hypotheses 3, 5, and 6; P<.001), while
anticipating a reduction in patient satisfaction (hypothesis 11;
P<.001). Importantly, the results indicated that Al is not
expected to negatively impact the patient-physician rel ationship
(hypothesis 13; P<.001) and will not replace human physicians
(hypothesis 11; P<.001). These findings provide valuable
insights into the strategic integration of Al into health care
Settings.
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Table 6. Summary of hypothesis testing using specific statistical tests (chi-square test of homogeneity and goodness-of-fit, 1-sample Wilcoxon
signed-rank test, and Spearman rho), corresponding P values, key findings and their implications.

Hypothesis Statistical test P value Key findings and implications
Hypothesis 1: perceived knowledge of Al? among family ~ Chi-squaretest of homo- .12for age; ~ No significant differencein Al perceived
physicians within the PH CCP does not significantly vary geneity 606 for gen- - knowledge across age and gender groups.
ler groups
based on age and gender groups.
Hypothesis 2: family physicians at the PHCC perceive Al 1-sample Wilcoxon <.001 Strong evidence is supporting the perceived
to have a positive impact on enhancing health care prac-  signed-rank test positive role of Al in health care practice.
tices.
Hypothesis 3: family physicians at the PHCC perceive Al 1-sample Wilcoxon <.001 Affirmsthe perceived positive influence of Al
to positively influence their rolesin opportunistic health  signed-rank test on opportunistic health care management roles.
care management.
Hypothesis 4: Al is perceived to play aconstructiverole  1-sample Wilcoxon <.001 Strong evidence suggesting Al’s perceived
in managing various health care tasks at the PHCC. signed-rank test beneficial impact on health care task manage-
ment.
Hypothesis 5: family physicians at the PHCC perceive Al 1-sample Wilcoxon <.001 Indicates a perceived positive effect of Al on
to have a positive impact on their clinical management re-  signed-rank test clinical management roles.
sponsibilities.
Hypothesis 6: family physicians at the PHCC perceive Al 1-sample Wilcoxon <.001 Provides evidence of Al’s perceived positive
to have a positive impact on their administrative manage-  signed-rank test influence on administrative roles.
ment tasks.
Hypothesis 7: Al is perceived to significantly improvethe 1-sample Wilcoxon <.001 Strong evidence supporting Al’s perceived
operational processes at the PHCC. signed-rank test positive influence on health care operations.
Hypothesis 8: the application of Al in health caretasksis Spearman rho test® <.001 Moderate to strong positive correlation be-
perceived to lead to improved health care service delivery tween perceived Al application in health care
at the PHCC. tasks and health care service delivery.
Hypothesis 9: family physicians at the PHCC believethat Chi-square goodness-of-  <.001 Strong evidence against the hypothesis of Al
Al islesslikely to replace their current job roles. fit tetd job replacement as perceived by family physi-
cians.
Hypothesis 10: family physicians at the PHCC perceive  One sample Wilcoxon <.001 Strong evidence against the superiority of Al
that Al decision-making does not surpass the judgment signed-rank test decision-making over human judgment as
process of human physicians. perceived by family physicians.
Hypothesis 11: theintroduction of Al isbelieved toreduce One sample Wilcoxon ~ <.001 Strong evidence that Al has a negative impact
patient satisfaction by family physicians at the PHCC. signed-rank test on patient satisfaction as perceived by family
physicians.
Hypothesis 12: theintroduction of Al isperceivedtoassist Chi-square goodness-of-  <.001 Strong evidence supporting theideathat Al is
and enhance human resource management practicesat the  fj; teg® perceived to assist in human resource manage-
PHCC. ment.
Hypothesis 13: the implementation of Al isnot expected  Chi-square goodness-of-  <.001 Strong evidence against the hypothesis of Al
to undermine the patient-physician relationship fromthe ¢t tegtf is perceived to negatively impacting the pa-
family physician perspective of the PHCC. tient-physician relationship.
Hypothesis 14: family physicians perceptionsof challenges Chi-squaretest of homo- >.05 No significant differencesin perceived chal-

and ethical ramificationswhenintroducing Al at the PHCC
do not significantly differ based on age and gender.

geneity

lenges and ethical ramifications among age
and gender groups.

Al artificial intelligence.
bpHCC: Primary Health Care Corporation.

CCorrelation coefficient of health care tasks and health care service delivery was Spearman rho=0.679 (moderate to strong correlation).

42,=71.1; N=102.
©x2,=48.8; N=102.
X?,=16.6; N=102.

Discussion

the integration of Al in the health care context. The overall

Principal Findings

The primary findings of this study offer valuable insights into

awareness of Al among PHCC physicians in Qatar was 78.4%

(80/102). Moreover, the proportion of physicians with very
aware and extremely aware levels of Al was 24.5% (25/102),

the perceptions of PHCC family physiciansin Qatar regarding

https://ai.jmir.org/2024/1/e40781

RenderX

reflecting a robust understanding of Al technology. Critically,
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the statistical analysisdid not reveal any meaningful variations
in perceived Al knowledge based on gender (P=.06) or age
groups (P=.12). Similarly, the exploration showed no
statistically significant correlations between Al awareness and
factors such as years of licensure (P=.50) or current working
status (P=.51). Similarly, no significant disparitiesin perceived
Al challenges and ethical implications were identified among
physicians of diverse age and gender groups (P>.05).
Furthermore, the results highlight the affirmative role that
physicians perceive Al might play inthe enhancement of health
care practices at the PHCC (P<.001), facilitating improved
management of heath care tasks (P<.001), optimizing
operational processes (P<.001), and fostering effective human
resource management (P<.001). Notably, Al was perceived to
exert abeneficial influence on the multifaceted roles of family
physicians in clinical (P<.001), administrative (P<.001), and
opportunistic health care management (P<.001). Itiscrucial to
highlight that the study findingsindicate physicians' perception
that Al decision-making does not supersede the clinica
judgment process of human physicians (P<.001), and the
introduction of Al isnot anticipated to compromise the essential
patient-physician relationship (P<.001). Moreover, from the
perspective of family physicians, Al waslesslikely to displace
their existing job roles (P<.001). However, theimplementation
of Al was expected to result in reduced patient satisfaction
(P<.001).

Comparison With Prior Work

The overall awareness of Al among PHCC physicians stands
at 78.4% (80/102), reflecting a significant level of perceived
knowledge. This heightened awareness may facilitate the
implementation of Al without substantial resistance [54]. This
awareness level is notably higher than that in the study
conducted by Oh et al [55], where only 5.9% of Korean medical
students and doctors perceived a strong familiarity with Al,
despite Kored's reputation as technologically advanced.

Consistent with the proposition found in the study by Lin et al
[8], our findingsindicate that PHCC physicians perceive Al as
atransformative forcein primary care. Importantly, our research
affirms that from the physicians’ perspective, Al isless likely
to replace therole of the family physician and does not surpass
the human physician decision-making process. Thisalignswith
the literature, which asserts that Al enhances the diagnostic
capability of family physicians rather than replacing their
diagnostic intelligence [56].

Our study demonstrates that PHCC physicians perceive Al as
a valuable tool for human resource management, positively
impacting both employee retention and recruitment, which is
consistent with the literature. Despite being a relatively novel
concept, Al hasthe potential to streamline recruitment processes,
leading to more efficient and high-quality employee selection
[57]. Furthermore, Al’'s influence extends across key domains
of human resource management, asindicated by its potential to
enhance recruitment, placement, staff development, performance
management, compensation management, human relations
management, and strategic planning of human resources [58].
Al-based systems, such as those using automated recruitment

https://ai.jmir.org/2024/1/e40781
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tasks and reducing bias, hold promise for improving the
efficiency and effectiveness of human resource functions.

The perception among PHCC physicians that Al improves
operational processes and reduces the cost of care aligns with
existing literature. Predictive analytics, including forecasting,
enhance capacity management, resource use, and improvement
in overall business processes, contributing to operational
innovation in health care [59]. In addition, routine operational
processes can be made quicker and more efficient through Al
integration.

Although, nowadays, Al can demonstrate superior performance
compared to physicians in certain speciaties, such as
dermatology (analysis of skin lesions), pathology (slide
scanning), cardiology (electrocardiographic interpretation), and
radiology (analysis of clinical images) [60], it is not perceived
as surpassing the broader clinical decision-making process of
human physicians. Patient satisfaction may be reduced due to
Al’s limitations in replicating human characteristics, such as
empathy, compassion, and human touch [61], and complete
acceptance of fully automated services remains a chalenge.
Nevertheless, Al's superiority in specidized domains
underscores its potential to complement medical practitioners
in specific areas.

This study highlights the perceived positive impact of Al on
opportunistic health care management, which was evident
particularly during the COVID-19 pandemic. The use of Al in
tracking, prediction, contact tracing, early diagnosis, monitoring,
and vaccine development highlightsitscrucia rolein addressing
pandemic health care challenges [62]. Approximately 36
countries have used Al- and ML-based applications for digital
contact tracing to limit the spread of SARS-CoV-2 [63]. The
Ministry of Public Health of Qatar has aso adopted Al-based
tools for contact tracing, and this exemplifies how Al can
contribute to crisis management and safeguarding public health.

Given the perception of family physicians, this research
establishesthat Al integration positively affects PHCC service
delivery, enhancing health care task management and care
systems. Al will automate many administrative tasks where
managers, administrators, and health care staff spend about 54%
of their time on them [64]. Family physicians clinica and
administrative roles may benefit from Al integration, reducing
administrative burdens and allowing them to focus on
patient-centered care, increasing their professional fulfillment
and reducing burnout [65]. Al’s potential for disease prediction,
digital health coaching, evidence-based clinical decisions, and
medication management improvement holds promise for
improving the quality of care provided.

PHCC physicians perceived ethical considerations surrounding
Al, including informed consent, safety, transparency, biases,
and data privacy, aligned with concerns found in the literature
[66]. Notably, 41.2% (42/102) of participants in this study
advocated Al’s liability in cases of malpractice, reflecting the
need for robust accountability mechanisms. Recent regul atory
updates, such as the introduction of the Medical Device
Regulation in Europe, reflect the evolving legal landscape of
Al [66]. Policy makers should consider product liability,
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deterrence, and compensation as they navigate this dynamic
terrain.

While the impact of Al on patient-physician relationships
remains uncertain [67], our study concludes that from the
physicians perspective, Al will not subvert these rel ationships.
However, careful and strategic planning is essential during Al
implementation to prevent potentia negative consequences.
The balance between cost reduction, efficiency, and accuracy
considerations while upholding patient-physician dynamics is
of paramount importance.

Limitations and Further Research

This study produced compelling findings and will serve as a
springboard for future researchers to replicate similar studies.
However, it is critical to understand the limitations of a study
because they reflect flaws that could influence the outcomes
and conclusions [68]. First, it used a positivist paradigm that
limitsfamily physicians' richer perspectivesin abroader context
for applying Al in PHCC management and practices. Second,
this study only included the PHCC, a single organization, and
the response rate in this study was low despite sending 2
reminder emails to practicing family physicians at the PHCC.
However, response rates have been declining in health care
field—related surveys [69] and physicians' response rates have
continued to decline [70].

This research can be replicated based on an interpretivist
paradigm and by using semistructured interviews to obtain
deeper insights and richer knowledge about the perception of
family physicians regarding the application of Al in aprimary
care setting. Perhaps using mixed methodswill provide a deeper
understanding and add more rigor to research regarding the
application of Al in primary care[71]. Future research can also
examinethefactorsthat lead to resistance to Al implementation
in primary care. Moreover, it should include nurses
administrative, laboratory, pharmacy, and dental staff’
perspectives on applying Al in primary care. Furthermore, the
most crucial aspect isto have the patient perspective central to
improvement in health care systems.

Conclusions

Thefindingsfrom this study indicate that physicianshold avery
positive perception regarding the integration of Al within

Waheed & Liu

primary health care services at the PHCC, foreseeing potential
enhancements in health care task management and overall
service delivery. This perception extendsto various dimensions
of family physicians job roles, encompassing clinical,
administrative, and opportunistic health care management. The
positive expectations regarding Al’s impact aso extend to
operational processes, anticipating improved information
dissemination, enhanced health care policy formulation,
optimization of treatment care pathways, more effective human
resource management, and strategic financial planning processes
within the PHCC. During periods of epidemics and pandemics
such asthe COVID-19 pandemic, the public health management
roleof Al iswell acknowledged by family physiciansfor disease
screening, contact tracing, risk assessment, real-time monitoring,
early diagnosis, vaccine development, and formul ating efficient
management strategies using Al’s predictive and logistical
prowess. It is important to note that Al is not perceived as a
direct replacement for family physician roles, and its
introduction is not anticipated to undermine the significant
patient-physician relationship. Moreover, Al is not perceived
as superior to the human judgment process. Although Al holds
the potential to be a valuable augmentation tool for the roles of
family physicians, as per their perspective, it enhances their
efficiency and productivity. However, its implementation
requires due diligence with a strategy that maintainsthe critical
challenges associated with Al integration, such as concerns
related to patient satisfaction, ethical considerations regarding
Al accountability in cases of malpractice, and the utmost need
to uphold data privacy and confidentiality, ashighlighted inthis
study. The implementation of Al is expected to elevate care
management systems, consequently enhancing the quality of
care, while dsimultaneously streamlining costs. The
perception-based insights from this study can guide future Al
implementation strategies within the context of primary health
care at the PHCC, helping to pave the way for amore informed
and sustainable integration of thistechnology. This careful and
patient-centered approach will be essential in unlocking thefull
potential of Al in improving health care delivery, while
safeguarding the values and priorities that underpin the field of
medicine.

Acknowledgments

| am grateful to LL, who is the coauthor and was the dissertation advisor, for her inval uable guidance and supervision throughout
this research. | extend a special heartfelt thanks to Dr Lolwa Al Mannai for her unwavering support and motivation. | express
my sincere gratitude to Dr Samya Ahmad Al Abdulla, the executive director of operations of Primary Health Care Corporation,
for her encouragement, support, mentorship, and project approval, without which completing this project would not have been
possible. Moreover, | extend my sincere appreciation to our colleague, Dr Hashim AlSayed Mohammed, and all the physicians

who contributed to this project.

Data Availability

All data generated or analyzed during this study are included in this published paper.

Conflicts of Interest
None declared.

https://ai.jmir.org/2024/1/e40781

IMIR Al 2024 | vol. 3| e40781 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR Al Waheed & Liu

References

1. La MC, Brian M, Mamzer MF. Perceptions of artificial intelligence in healthcare: findings from a qualitative survey study
among actorsin France. J Trand Med. Jan 09, 2020;18(1):14. [FREE Full text] [doi: 10.1186/s12967-019-02204-y] [Medline:
31918710Q]

2. Filipovi¢-Grei¢ L, Derke F. Artificial intelligence in radiology. Rad CASA Med Sci. 2019;537(46-47):55-59. [doi:
10.21857/y26kec3079]

3. Kar UK, Dash R. The future of health and healthcare in aworld of artificial intelligence. Arch Biomed Eng Biotechnal.
2018;1(1). [doi: 10.33552/abeb.2018.01.000503]

4.  Barbour AB, Frush JM, Gatta LA, McManigle WC, Keah NM, Bejarano-Pineda L, et a. Artificial intelligence in health
care: insights from an educational forum. JMed Educ Curric Dev. 2019;6:2382120519889348. [FREE Full text] [doi:
10.1177/2382120519889348] [Medline: 32064356]

5. Wahl B, Cossy-Gantner A, Germann S, Schwalbe NR. Artificial intelligence (Al) and global health: how can Al contribute
to health in resource-poor settings? BMJ Glob Health. 2018;3(4):e000798. [FREE Full text] [doi:
10.1136/bmjgh-2018-000798] [Medline: 30233828]

6.  Wiljer D, Hakim Z. Developing an artificial intelligence-enabled health care practice: rewiring health care professions for
better care. JMed Imaging Radiat Sci. Dec 2019;50(4 Supp! 2):S8-14. [doi: 10.1016/j.jmir.2019.09.010] [Medline: 31791914]

7. MeskoB. Health IT and digital health: the future of health technology is diverse. JClin Trand Res. Dec 17, 2018;3(Suppl
3):431-434. [FREE Full text] [Medline: 30873492]

8. LinSY, Mahoney MR, Sinsky CA. Ten ways artificial intelligence will transform primary care. J Gen Intern Med. Aug
2019;34(8):1626-1630. [FREE Full text] [doi: 10.1007/s11606-019-05035-1] [Medline: 31090027]

9. Tiwari A, Chaudhari M, Rai A. Multidisciplinary approach of artificial intelligence over medical imaging: areview,
challenges, recent opportunitiesfor research. In: Proceedings of the 3rd International Conferenceon I-SMAC (10T in Social,
Mobile, Analytics and Cloud). 2019. Presented at: I-SMAC '19; December 12-14, 2019;237-242; Palladam, India. URL :
https://ieeexplore.ieee.org/document/9032566 [doi: 10.1109/i-smac47947.2019.9032566]

10. CaoJ, Yao J. Linking different artificial intelligence functions to employees' psychological appraisals and work. Acad
Manag Proc. Aug 2020;2020(1):19876. [doi: 10.5465/AM BPP.2020.105]

11. GillanC, MilneE, Harnett N, Purdie TG, Jaffray DA, Hodges B. Professional implications of introducing artificial intelligence
in healthcare: an evaluation using radiation medicine as a testing ground. J Radiother Pract. Oct 03, 2018;18(1):5-9. [doi:
10.1017/s1460396918000468]

12. Tekkesin A. Artificial intelligence in healthcare: past, present and future. Anatol J Cardiol. Oct 2019;22(Suppl 2):8-9.
[FREE Full text] [doi: 10.14744/Anatol JCardiol.2019.28661] [Medline: 31670713]

13. LeNguyen T. Blockchain in healthcare: a new technology benefit for both patients and doctors. In: Proceedings of the
2018 Portland International Conference on Management of Engineering and Technology. 2018. Presented at: PICMET '18;
August 19-23, 2018;1-6; Honolulu, HI. URL: https:.//ieeexpl ore.ieee.org/document/8481969 [doi:
10.23919/picmet.2018.8481969]

14. Hamet P, Tremblay J. Artificial intelligence in medicine. Metabolism. Apr 2017;69S:S36-S40. [doi:
10.1016/j.metabol.2017.01.011] [Medline: 28126242]

15. Mistry P. Artificial intelligence in primary care. Br J Gen Pract. Sep 2019;69(686):422-423. [FREE Full text] [doi:
10.3399/bjgp19X705137] [Medline: 31467001]

16. Yashchenko V. Artificial intelligence theory (basic concepts). In: Proceedings of the 2014 Science and Information
Conference. 2014. Presented at: SAI '14; August 27-29, 2014;473-480; London, UK. URL: https://ieeexplore.ieee.org/
abstract/document/6918230 [doi: 10.1109/sai.2014.6918230]

17. JiangF, Jiang Y, Zhi H, Dong Y, Li H, MaS§, et a. Artificial intelligence in healthcare: past, present and future. Stroke
Vasc Neurol. Dec 2017;2(4):230-243. [FREE Full text] [doi: 10.1136/svn-2017-000101] [Medline: 29507784]

18. LiyanageH, Liaw ST, Jonnagaddala J, Schreiber R, Kuziemsky C, Terry AL, et a. Artificial intelligence in primary health
care: perceptions, issues, and challenges. Yearb Med Inform. Aug 2019;28(1):41-46. [FREE Full text] [doi:
10.1055/s-0039-1677901] [Medline: 31022751]

19. Abdullah R, Fakieh B. Health care employees perceptions of the use of artificial intelligence applications: survey study. J
Med Internet Res. May 14, 2020;22(5):e17620. [FREE Full text] [doi: 10.2196/17620] [Medline: 32406857]

20. Kansa R, BawaA, Bansal A, Trehan S, Goyal K, Goyal N, et a. Differences in knowledge and perspectives on the usage
of artificia intelligence among doctors and medical students of a developing country: a cross-sectional study. Cureus. Jan
2022;14(1):e21434. [EREE Full text] [doi: 10.7759/cureus.21434] [Medline: 35223222]

21. Amisha, Malik B, PathaniaM, Rathaur VK. Overview of artificial intelligence in medicine. J Family Med Prim Care. Jul
2019;8(7):2328-2331. [FREE Full text] [doi: 10.4103/jfmpc.jfmpc 440 19] [Medline: 31463251]

22. AhujaAS. Theimpact of artificial intelligencein medicine on the future role of the physician. PeerJ. 2019;7:€7702. [FREE
Full text] [doi: 10.7717/peerj.7702] [Medline: 31592346]

23. Davenport T, Kalakota R. The potential for artificia intelligence in healthcare. Future Healthc J. Jun 2019;6(2):94-98.
[FREE Full text] [doi: 10.7861/futurehosp.6-2-94] [Medline: 31363513]

https://ai.jmir.org/2024/1/e40781 JMIR Al 2024 | vol. 3| e40781 | p. 14

(page number not for citation purposes)


https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-019-02204-y
http://dx.doi.org/10.1186/s12967-019-02204-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31918710&dopt=Abstract
http://dx.doi.org/10.21857/y26kec3o79
http://dx.doi.org/10.33552/abeb.2018.01.000503
https://journals.sagepub.com/doi/abs/10.1177/2382120519889348?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2382120519889348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32064356&dopt=Abstract
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=30233828
http://dx.doi.org/10.1136/bmjgh-2018-000798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30233828&dopt=Abstract
http://dx.doi.org/10.1016/j.jmir.2019.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31791914&dopt=Abstract
https://europepmc.org/abstract/MED/30873492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30873492&dopt=Abstract
https://europepmc.org/abstract/MED/31090027
http://dx.doi.org/10.1007/s11606-019-05035-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31090027&dopt=Abstract
https://ieeexplore.ieee.org/document/9032566
http://dx.doi.org/10.1109/i-smac47947.2019.9032566
http://dx.doi.org/10.5465/AMBPP.2020.105
http://dx.doi.org/10.1017/s1460396918000468
https://doi.org/10.14744/AnatolJCardiol.2019.28661
http://dx.doi.org/10.14744/AnatolJCardiol.2019.28661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31670713&dopt=Abstract
https://ieeexplore.ieee.org/document/8481969
http://dx.doi.org/10.23919/picmet.2018.8481969
http://dx.doi.org/10.1016/j.metabol.2017.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28126242&dopt=Abstract
https://bjgp.org/lookup/pmidlookup?view=long&pmid=31467001
http://dx.doi.org/10.3399/bjgp19X705137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31467001&dopt=Abstract
https://ieeexplore.ieee.org/abstract/document/6918230
https://ieeexplore.ieee.org/abstract/document/6918230
http://dx.doi.org/10.1109/sai.2014.6918230
https://svn.bmj.com/lookup/pmidlookup?view=long&pmid=29507784
http://dx.doi.org/10.1136/svn-2017-000101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29507784&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0039-1677901
http://dx.doi.org/10.1055/s-0039-1677901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31022751&dopt=Abstract
https://www.jmir.org/2020/5/e17620/
http://dx.doi.org/10.2196/17620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32406857&dopt=Abstract
https://europepmc.org/abstract/MED/35223222
http://dx.doi.org/10.7759/cureus.21434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35223222&dopt=Abstract
http://www.jfmpc.com/article.asp?issn=2249-4863;year=2019;volume=8;issue=7;spage=2328;epage=2331;aulast=Amisha%2C
http://dx.doi.org/10.4103/jfmpc.jfmpc_440_19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31463251&dopt=Abstract
https://europepmc.org/abstract/MED/31592346
https://europepmc.org/abstract/MED/31592346
http://dx.doi.org/10.7717/peerj.7702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31592346&dopt=Abstract
https://europepmc.org/abstract/MED/31363513
http://dx.doi.org/10.7861/futurehosp.6-2-94
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31363513&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR Al Waheed & Liu

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Hamid S. The opportunities and risks of artificial intelligence in medicine and healthcare. SPE Communications. 2016.
URL: https://www.cuspe.org/wp-content/uploads/2016/09/Hamid_2016.pdf [accessed 2024-03-23]

Keyworth C, Epton T, Goldthorpe J, Calam R, Armitage CJ. Are healthcare professional s delivering opportunistic behaviour
change interventions? A multi-professional survey of engagement with public health policy. Implement Sci. Sep 21,
2018;13(1):122. [FREE Full text] [doi: 10.1186/s13012-018-0814-x] [Medline: 30241557]

Scheetz J, Koca D, McGuinness M, Holloway E, Tan Z, Zhu Z, et al. Real-world artificial intelligence-based opportunistic
screening for diabetic retinopathy in endocrinology and indigenous healthcare settingsin Australia. Sci Rep. Aug 04,
2021;11(1):15808. [FREE Full text] [doi: 10.1038/s41598-021-94178-5] [Medline: 34349130]

Tariq A, Patel BN, Sensakovic WF, Fahrenholtz SJ, Banerjee |. Opportunistic screening for low bone density using
abdominopelvic computed tomography scans. Med Phys. Jul 2023;50(7):4296-4307. [doi: 10.1002/mp.16230] [Medline:
36748265]

Bjerkén LV, Ranborg SN, Jensen MT, @rting SN, Nielsen OW. Artificial intelligence enabled ECG screening for left
ventricular systolic dysfunction: a systematic review. Heart Fail Rev. Nov 08, 2022;28(2):419-430. [FREE Full text] [doi:
10.1007/s10741-022-10283-1] [Medline: 36344908]

Wang L, Zhang Y, Wang D, Tong X, Liu T, Zhang S, et a. Artificia intelligence for COVID-19: a systematic review.
Front Med (Lausanne). 2021;8:704256. [FREE Full text] [doi: 10.3389/fmed.2021.704256] [Medline: 34660623]

Kueper K, Terry AL, Zwarenstein M, Lizotte DJ. Artificial intelligence and primary care research: a scoping review. Ann
Fam Med. May 2020;18(3):250-258. [FREE Full text] [doi: 10.1370/afm.2518] [Medline: 32393561]

Wang Y, Kung L, Wang WY, Cegielski CG. An integrated big data anal ytics-enabled transformation model: application
to health care. Inf Manag. Jan 2018;55(1):64-79. [doi: 10.1016/j.im.2017.04.001]

Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN, Kroeker K1. An overview of clinical decision support
systems: benefits, risks, and strategies for success. NPJ Digit Med. 2020;3:17. [FREE Full text] [doi:
10.1038/s41746-020-0221-y] [Medline: 32047862]

Dogru AK, Keskin BB. Al in operations management: applications, challenges and opportunities. J Data Inf Manag. Feb
21, 2020;2(2):67-74. [doi: 10.1007/s42488-020-00023-1]

JinY, YangH, J W, Wu W, Chen S, Zhang W, et a. Virology, epidemiology, pathogenesis, and control of COVID-19.
Viruses. Mar 27, 2020;12(4):372. [FREE Full text] [doi: 10.3390/v12040372] [Medline: 32230900]

Sarwar S, Dent A, Faust K, Richer M, Djuric U, Van Ommeren R, et a. Physician perspectives on integration of artificial
intelligence into diagnostic pathology. NPJ Digit Med. 2019;2:28. [FREE Full text] [doi: 10.1038/s41746-019-0106-0]
[Medline: 31304375]

Moxley-Wyles B, Colling R, Verrill C. Artificial intelligencein pathology: an overview. Diagn Histopathol. Nov
2020;26(11):513-520. [FREE Full text] [doi: 10.1016/j.mpdhp.2020.08.004]

Esteva A, Kuprel B, NovoaRA, Ko J, Swetter SM, Blau HM, et al. Dermatologist-level classification of skin cancer with
deep neural networks. Nature. Feb 02, 2017;542(7639):115-118. [FREE Full text] [doi: 10.1038/nature21056] [Medline:
28117445]

Karches KE. Against the iDoctor: why artificial intelligence should not replace physician judgment. Theor Med Bioeth.
Apr 2018;39(2):91-110. [doi: 10.1007/s11017-018-9442-3] [Medline: 29992371]

Mesko B, Hetényi G, Gyorffy Z. Will artificial intelligence solve the human resource crisisin healthcare? BMC Health
Serv Res. Jul 13, 2018;18(1):545. [FREE Full text] [doi: 10.1186/s12913-018-3359-4] [Medline: 30001717]

Farhud DD, Zokael S. Ethical issues of artificial intelligence in medicine and healthcare. Iran J Public Health. Nov
2021;50(11):i-v. [FREE Full text] [doi: 10.18502/ijph.v50i11.7600] [Medline: 35223619]

Kerasidou A. Artificial intelligence and the ongoing need for empathy, compassion and trust in healthcare. Bull World
Health Organ. Apr 01, 2020;98(4):245-250. [FREE Full text] [doi: 10.2471/BLT.19.237198] [Medline: 32284647]

Zehir C, Karaboga T, Basar D. The transformation of human resource management and its impact on overall business
performance: big data analytics and Al technologiesin strategic HRM. In: Hacioglu U, editor. Digital Business Strategies
in Blockchain Ecosystems: Transformational Design and Future of Global Business. Cham, Switzerland. Springer;
2020;265-279.

Bhardwaj G, Singh SV, Kumar V. An empirical study of artificial intelligence and itsimpact on human resource functions.
In: Proceedings of the 2020 International Conference on Computation, Automation and Knowledge Management. 2020.
Presented at: ICCAKM '20; October 19-23, 2020;47-51; Dubai, United Arab Emirates. URL: https://ieeexplore.ieee.org/
document/9051544 [doi: 10.1109/iccakm46823.2020.9051544]

Wolff J, Pauling J, Keck A, Baumbach J. The economic impact of artificial intelligence in health care: systematic review.
JMed Internet Res. Feb 20, 2020;22(2):€16866. [FREE Full text] [doi: 10.2196/16866] [Medline: 32130134]

Storey J. John Storey (ed.): human resource management. A critical text. Organ Stud. Jul 01, 2016;17(1):158. [doi:
10.1177/017084069601700115]

QiulL, Zhao L. Opportunities and challenges of artificial intelligence to human resource management. Acad JHumanit Soc
Sci. 2019;2(1):144-153. [FREE Full text] [doi: 10.25236/AJHSS.040036]

Irshaidat R. Interpretivism vs. positivism in political marketing research. J Polit Mark. Jun 10, 2019;21(2):126-160. [doi:
10.1080/15377857.2019.1624286]

https://ai.jmir.org/2024/1/e40781 JMIR Al 2024 | vol. 3| e40781 | p. 15

(page number not for citation purposes)


https://www.cuspe.org/wp-content/uploads/2016/09/Hamid_2016.pdf
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-018-0814-x
http://dx.doi.org/10.1186/s13012-018-0814-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30241557&dopt=Abstract
https://doi.org/10.1038/s41598-021-94178-5
http://dx.doi.org/10.1038/s41598-021-94178-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34349130&dopt=Abstract
http://dx.doi.org/10.1002/mp.16230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36748265&dopt=Abstract
https://europepmc.org/abstract/MED/36344908
http://dx.doi.org/10.1007/s10741-022-10283-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36344908&dopt=Abstract
https://europepmc.org/abstract/MED/34660623
http://dx.doi.org/10.3389/fmed.2021.704256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34660623&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=32393561
http://dx.doi.org/10.1370/afm.2518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32393561&dopt=Abstract
http://dx.doi.org/10.1016/j.im.2017.04.001
https://doi.org/10.1038/s41746-020-0221-y
http://dx.doi.org/10.1038/s41746-020-0221-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32047862&dopt=Abstract
http://dx.doi.org/10.1007/s42488-020-00023-1
https://www.mdpi.com/resolver?pii=v12040372
http://dx.doi.org/10.3390/v12040372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32230900&dopt=Abstract
https://doi.org/10.1038/s41746-019-0106-0
http://dx.doi.org/10.1038/s41746-019-0106-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304375&dopt=Abstract
https://europepmc.org/abstract/MED/30599506
http://dx.doi.org/10.1016/j.mpdhp.2020.08.004
https://europepmc.org/abstract/MED/28117445
http://dx.doi.org/10.1038/nature21056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28117445&dopt=Abstract
http://dx.doi.org/10.1007/s11017-018-9442-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29992371&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3359-4
http://dx.doi.org/10.1186/s12913-018-3359-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30001717&dopt=Abstract
https://europepmc.org/abstract/MED/35223619
http://dx.doi.org/10.18502/ijph.v50i11.7600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35223619&dopt=Abstract
https://europepmc.org/abstract/MED/32284647
http://dx.doi.org/10.2471/BLT.19.237198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32284647&dopt=Abstract
https://ieeexplore.ieee.org/document/9051544
https://ieeexplore.ieee.org/document/9051544
http://dx.doi.org/10.1109/iccakm46823.2020.9051544
https://www.jmir.org/2020/2/e16866/
http://dx.doi.org/10.2196/16866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130134&dopt=Abstract
http://dx.doi.org/10.1177/017084069601700115
https://francis-press.com/papers/349
http://dx.doi.org/10.25236/AJHSS.040036
http://dx.doi.org/10.1080/15377857.2019.1624286
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR Al Waheed & Liu

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

Mishra P, Pandey CM, Singh U, Gupta A, Sahu C, Keshri A. Descriptive statistics and normality tests for statistical data.
Ann Card Anaesth. 2019;22(1):67-72. [FREE Full text] [doi: 10.4103/aca ACA_157 18] [Medline: 30648682]

Mukaka MM. Statistics corner: a guide to appropriate use of correlation coefficient in medical research. Malawi Med J.
Sep 2012;24(3):69-71. [FREE Full text] [Medline: 23638278]

Bolboacd SD, Jantschi L, Sestras AF, Sestras RE, Pamfil DC. Pearson-fisher chi-square statistic revisited. Information.
Sep 15, 2011;2(3):528-545. [doi: 10.3390/inf02030528]

Franke TM, Ho T, Christie CA. The Chi-Square test. Am JEval. Nov 08, 2011;33(3):448-458. [doi:
10.1177/1098214011426594]

Nahm FS. Nonparametric statistical testsfor the continuous data: the basic concept and the practical use. Korean JAnesthesiol.
Feb 2016;69(1):8-14. [FREE Full text] [doi: 10.4097/kjae.2016.69.1.8] [Medline: 26885295]

Eghbali-Babadi M, Feizi A, Khosravi A, Nouri F, Taheri M, Sarrafzadegan N. Development and evaluation of the
psychometric properties of a hypertension self-care questionnaire. ARYA Atheroscler. Sep 2019;15(5):241-249. [FREE
Full text] [doi: 10.22122/arya.v15i5.1835] [Medline: 31949451]

Ayatollahi H, Sarabi FZ, Langarizadeh M. Clinicians knowledge and perception of telemedicine technology. Perspect
Health Inf Manag. 2015;12(Fall): 1c. [FREE Full text] [Medline: 26604872]

Oh S, Kim JH, Choi SW, Lee HJ, Hong J, Kwon SH. Physician confidencein artificial intelligence: an online mobile survey.
JMed Internet Res. Mar 25, 2019;21(3):€12422. [FREE Full text] [doi: 10.2196/12422] [Medline: 30907742]
Summerton N, Cansdale M. Artificial intelligence and diagnosisin general practice. Br J Gen Pract. Jun 27,
2019;69(684):324-325. [doi: 10.3399/bjgp19x704165]

Johansson J, Herranen S. The application of artificial intelligence (Al) in human resource management: current state of Al
and itsimpact on the traditional recruitment process. Jonkdping University. May 2019. URL: https://www.diva-portal .org/
smash/get/diva2:1322478/FULLTEXTOL.pdf [accessed 2024-03-23]

JaQ,GuoY,LiR,LiY,ChenY.A conceptua artificia intelligence application framework in human resource management.
In: Proceedings of the 18th International Conference on Electronic Business. 2018. Presented at: |CEB '18; December 2-6,
2018;106-114; Guilin, China. URL: https:.//aisel.aisnet.org/iceb2018/91/

Lee D, Yoon SN. Application of artificial intelligence-based technologies in the healthcare industry: opportunities and
challenges. Int J Environ Res Public Health. Jan 01, 2021;18(1):271. [FREE Full text] [doi: 10.3390/ijerph18010271]
[Medline: 33401373]

Tran VT, Riveros C, Ravaud P. Patients' views of wearable devices and Al in healthcare: findings from the ComPaRe
e-cohort. NPJ Digit Med. 2019;2:53. [FREE Full text] [doi: 10.1038/s41746-019-0132-y] [Medline: 31304399]
Hazarikal. Artificial intelligence: opportunities and implications for the health workforce. Int Health. Jul 01,
2020;12(4):241-245. [FREE Full text] [doi: 10.1093/inthealth/ihaa007] [Medline: 32300794]

AroraN, Banerjee AK, Narasu ML. Therole of artificial intelligence in tackling COVID-19. Future Virol. Nov
2020;15(11):717-724. [doi: 10.2217/fvI-2020-0130]

Lalmuanawma S, Hussain J, Chhakchhuak L. Applications of machine learning and artificial intelligence for COVID-19
(SARS-CoV-2) pandemic: areview. Chaos Solit Fractals. Oct 2020;139:110059. [FREE Full text] [doi:
10.1016/j.chans.2020.110059] [Medline: 32834612]

Kolbjarnsrud V, Amico R, Thomas RJ. How artificial intelligence will redefine management. Harvard business review.
Jun 23, 2019. URL : https://hbr.org/2016/11/how-artificial -intelligence-will-redefine-management [accessed 2024-03-23]
Apaydin E. Administrative work and job role beliefsin primary care physicians: an analysis of semi-structured interviews.
SAGE Open. Jan 09, 2020;10(1):215824401989909. [doi: 10.1177/2158244019899092]

Gerke S, Minssen T, Cohen IG. Ethical and legal challenges of artificial intelligence-driven health care. In: Bohr A,
Memarzadeh K, editors. Artificial Intelligence in Healthcare. Cambridge, MA. Academic Press; 2020.

Nagy M, Sisk B. How will artificial intelligence affect patient-clinician relationships? AMA J Ethics. May 01,
2020;22(5):E395-E400. [FREE Full text] [doi: 10.1001/amajethics.2020.395] [Medline: 32449655]

Ross PT, Bibler Zaidi NL. Limited by our limitations. Perspect Med Educ. Aug 2019;8(4):261-264. [ FREE Full text] [doi:
10.1007/s40037-019-00530-x] [Medline: 31347033]

Qumseya B, Goddard A, Qumseya A, Estores D, Draganov PV, Forsmark C. Barriersto clinical practice guideline
implementation among physicians. a physician survey. Int JGen Med. 2021;14:7591-7598. [FREE Full text] [doi:
10.2147/13GM.S333501] [Medline: 34754231]

Delnevo CD, Singh B. The effect of aweb-push survey on physician survey responses rates: a randomized experiment.
Surv Pract. 2021;14(1). [FREE Full text] [doi: 10.29115/sp-2021-0001] [Medline: 33604202]

Creswell JW, FettersMD, IvankovaNV. Designing amixed methods study in primary care. Ann Fam Med. 2004;2(1):7-12.
[FREE Full text] [doi: 10.1370/afm.104] [Medline: 15053277]

Abbreviations

Al: artificial intelligence
CT: computed tomography

https://ai.jmir.org/2024/1/e40781 JMIR Al 2024 | vol. 3| e40781 | p. 16

(page number not for citation purposes)


https://europepmc.org/abstract/MED/30648682
http://dx.doi.org/10.4103/aca.ACA_157_18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30648682&dopt=Abstract
https://europepmc.org/abstract/MED/23638278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23638278&dopt=Abstract
http://dx.doi.org/10.3390/info2030528
http://dx.doi.org/10.1177/1098214011426594
https://europepmc.org/abstract/MED/26885295
http://dx.doi.org/10.4097/kjae.2016.69.1.8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26885295&dopt=Abstract
https://europepmc.org/abstract/MED/31949451
https://europepmc.org/abstract/MED/31949451
http://dx.doi.org/10.22122/arya.v15i5.1835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31949451&dopt=Abstract
https://europepmc.org/abstract/MED/26604872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26604872&dopt=Abstract
https://www.jmir.org/2019/3/e12422/
http://dx.doi.org/10.2196/12422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30907742&dopt=Abstract
http://dx.doi.org/10.3399/bjgp19x704165
https://www.diva-portal.org/smash/get/diva2:1322478/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:1322478/FULLTEXT01.pdf
https://aisel.aisnet.org/iceb2018/91/
https://www.mdpi.com/resolver?pii=ijerph18010271
http://dx.doi.org/10.3390/ijerph18010271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33401373&dopt=Abstract
https://doi.org/10.1038/s41746-019-0132-y
http://dx.doi.org/10.1038/s41746-019-0132-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304399&dopt=Abstract
https://europepmc.org/abstract/MED/32300794
http://dx.doi.org/10.1093/inthealth/ihaa007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32300794&dopt=Abstract
http://dx.doi.org/10.2217/fvl-2020-0130
https://europepmc.org/abstract/MED/32834612
http://dx.doi.org/10.1016/j.chaos.2020.110059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32834612&dopt=Abstract
https://hbr.org/2016/11/how-artificial-intelligence-will-redefine-management
http://dx.doi.org/10.1177/2158244019899092
https://journalofethics.ama-assn.org/article/how-will-artificial-intelligence-affect-patient-clinician-relationships/2020-05
http://dx.doi.org/10.1001/amajethics.2020.395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32449655&dopt=Abstract
https://link.springer.com/article/10.1007/s40037-019-00530-x
http://dx.doi.org/10.1007/s40037-019-00530-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31347033&dopt=Abstract
https://europepmc.org/abstract/MED/34754231
http://dx.doi.org/10.2147/IJGM.S333501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34754231&dopt=Abstract
https://europepmc.org/abstract/MED/33604202
http://dx.doi.org/10.29115/sp-2021-0001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33604202&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=15053277
http://dx.doi.org/10.1370/afm.104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15053277&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR Al

DL: deeplearning
ML: machinelearning
PHCC: Primary Health Care Corporation

Waheed & Liu

Edited by K EI Emam; submitted 06.07.22; peer-reviewed by D Paradice, L Novak, R Sdnchez de Madariaga; comments to author

30.01.23; revised version received 25.05.23; accepted 07.03.24; published 17.04.24

Please cite as.

Waheed MA, Liu L

Perceptions of Family Physicians About Applying Al in Primary Health Care: Case Study Froma Premier Health Care Organization

JMIR Al 2024;3:e40781

URL.: https://ai.jmir.org/2024/1/e40781
doi: 10.2196/40781

PMID:

©Muhammad Atif Waheed, Lu Liu. Originaly published in IMIR Al (https://ai.jmir.org), 17.04.2024. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR
Al, is properly cited. The complete bibliographic information, a link to the original publication on https.//www.ai.jmir.org/, as
well as this copyright and license information must be included.

https://ai.jmir.org/2024/1/e40781

RenderX

IMIR Al 2024 | vol. 3| e40781 | p. 17
(page number not for citation purposes)


https://ai.jmir.org/2024/1/e40781
http://dx.doi.org/10.2196/40781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

