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a b s t r a c t 

Objectives: Artificial intelligence (AI)-driven clinical decision support systems (CDSSs) can augment an- 

tibiotic decision-making capabilities, but physicians’ hesitancy in adopting them may undermine their 

utility. We conducted a cross-country comparison of physician perceptions on the barriers and facilita- 

tors in accepting an AI-enabled CDSS for antibiotic prescribing. 

Methods: We conducted in-depth interviews with physicians from the National Centre for Infectious Dis- 

eases (NCID), Singapore, and Christian Medical College Vellore (CMCV), India, between April and Decem- 

ber 2022. Our semi-structured in-depth interview guides were anchored on Venkatesh’s UTAUT model. 

We used clinical vignettes to illustrate the application of AI in clinical decision support for antibiotic 

prescribing and explore medico-legal concerns. 

Results: Most NCID physicians felt that an AI-enabled CDSS could facilitate antibiotic prescribing, while 

most CMCV physicians were sceptical about the tool’s utility. The hesitancy in adopting an AI-enabled 

CDSS stems from concerns about the lack of validated and successful examples, fear of losing autonomy 

and clinical skills, difficulty of use, and impediment in work efficiency. Physicians from both sites felt 

that a user-friendly interface, integration with workflow, transparency of output, a guiding medico-legal 

framework, and training and technical support would improve the uptake of an AI-enabled CDSS. 

Conclusion: In conclusion, the acceptance of AI-enabled CDSSs depends on the physician’s confidence 

with the tool’s recommendations, perceived ease of use, familiarity with AI, the organisation’s digital 

culture and support, and the presence of medico-legal governance of AI. Progressive implementation and 

continuous feedback are essential to allay scepticism around the utility of AI-enabled CDSSs. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Antimicrobial resistance (AMR) poses a serious threat to pub- 

ic health and clinical care [1] . Antimicrobial resistance occurs 
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hen microorganisms become resistant to drugs intended to in- 

ibit them, rendering human infections more severe and deadly 

2] . In 2019, 1.27 million global deaths were directly attributed 

o bacterial AMR [3] , with misuse and overuse of antibiotics be- 

ng the major drivers of AMR [ 4 , 5 ]. Deaths attributable to AMR

ere disproportionately higher in low- and middle-income coun- 

ries (LMICs) because of the higher burden of communicable dis- 

ases [6] . For example, India has one of the highest burdens of 

MR in the world due to injudicious use of antimicrobials and en- 

ironmental contamination [7] . 

Physicians make their prescribing decisions by first making a 

resumptive diagnosis, identifying the right drug for the suspected 

athogen, regulating the dose and frequency of the antimicrobial, 

nd determining the best administration route to achieve the de- 

ired drug level at the site of infection. Although the theory is sim- 

le, it is difficult and complex to execute in practice because of 

he need to consider various clinical and non-clinical factors. Fac- 

ors such as unclear discriminatory clinical signs and symptoms, 

imited differentiating biomarkers, and the lack of cheap and ac- 

essible point-of-care microbiologic diagnostic tests lead to diag- 

ostic uncertainty [8] . Hence, there is a tendency for physicians to 

ver-prescribe antibiotics because of decision fatigue, uncertainty 

voidance, and to meet patient expectations [9–11] . 

Hospital antimicrobial stewardship programs were found to im- 

rove antibiotic use and antibiotic prescribing without compromis- 

ng patient safety [12] . Rules-based clinical decision support sys- 

ems (CDSSs) were developed to enhance clinical decisions, im- 

rove clinical outcomes, and reduce mortality by guiding doctors 

n selecting the most appropriate antibiotics for empiric therapy 

13–16] . However, many physicians still prefer to exercise their 

rofessional judgement and tend to override the recommendations 

f CDSSs in complex patient situations [ 17 , 18 ]. 

More recently, artificial intelligence (AI)-driven technologies 

ave demonstrated superiority in capturing and analysing complex 

ealth problems and are increasingly used in medicine to augment 

ecision-making [19] . As such, AI-enabled CDSSs leveraging ma- 

hine learning present excellent opportunities for a complex ma- 

rix of data, such as clinical severity, comorbidities, host immune 

tatus, prior antibiotic use, local resistance profile, and more, to be 

nalysed prior to the prescription of appropriate antibiotics. How- 

ver, many factors determine the feasibility and acceptability of 

uch systems, such as the lack of trust in AI-derived recommenda- 

ions [20–22] . Therefore, it is imperative to understand physicians’ 

nowledge, attitudes, perceptions, and acceptance of AI-enabled 

DSSs to guide the future design and adoption of such tools. Given 

he paucity of cross-country studies [23] , which are important for 

he scalability of such tools in the future, we aimed to explore the 

erspectives of physicians in India and Singapore to understand the 

arriers and facilitators to the acceptance of AI-enabled CDSSs for 

ntibiotic prescribing in different socio-cultural and practice con- 

exts. 

. Methods and materials 

.1. Study context 

.1.1. India 

Christian Medical College Vellore (CMCV) is a private hospi- 

al, medical centre, and research institute located in Tamil Nadu. 

he 3500-bed institution offers medical services across multi- 

le specialities from primary to tertiary care. The medical cen- 

re, equipped with state-of-the-art technologies for diagnosis and 

reatment, is India’s largest referral centre for hematologic dis- 

ases and bone marrow transplants. Antimicrobial susceptibility 

atterns are closely monitored by the institution and regularly up- 
77 
ated through guideline publications. There is no CDSS in the in- 

titution currently (Supplemental Text S1A). 

.1.2. Singapore 

The National Centre for Infectious Diseases (NCID), co-located 

ith Tan Tock Seng Hospital (TTSH), is a 330-bed purpose-built 

acility that serves as the designated national centre for manage- 

ent of emerging infectious diseases in Singapore. The facility 

s equipped with comprehensive diagnostic capabilities and state- 

f-the-art healthcare technology to enhance care delivery to pa- 

ients. Physicians working in NCID use the same electronic medi- 

al record system as TTSH, which includes a rules-based antibiotic 

DSS named ‘ARUS-C’ (Supplemental Text S1B). 

.2. Study design 

We conducted in-depth interviews (IDIs) with physicians work- 

ng in the inpatient setting between April and December 2022. 

hysicians were sampled from NCID, Singapore and CMCV, In- 

ia. We purposively sampled physicians with varying seniority and 

ace of innovation adoption to ensure maximum variation. Our 

emi-structured IDI guides (Supplemental Table S4) were anchored 

n Venkatesh’s Unified Theory of Acceptance and Use of Tech- 

ology (UTAUT) model [24] , piloted with a few physicians, and 

dapted to ensure relevance to each country’s context. 

.3. In-depth interviews 

The IDIs, comprising an interviewer and a note-taker, were con- 

ucted face-to-face or via video conferencing (i.e., Zoom). We pro- 

ressively filled a matrix framework with interview notes to as- 

ess for data saturation. The NCID interviews included a vignette to 

emonstrate the differences between the rules-based CDSS familiar 

o physicians and a future-state AI-enabled CDSS with augmented 

iagnostic capabilities (Supplemental Vignette S2). The CMCV in- 

erviews included a vignette comprising case scenarios to describe 

he workings of an AI-enabled CDSS (Supplemental Vignette S3). 

Next, we explored physicians’ perceptions of the performance 

nd effort expectancies of using an AI-enabled CDSS, the effect 

f social influence on its adoption, and the conditions that facili- 

ate its adoption. We also discussed the ethical considerations and 

edico-legal concerns on the adoption of an AI-enabled CDSS and 

sked physicians about features of the tool that would facilitate 

heir uptake. 

.4. Analysis 

Interviews were audio-recorded, transcribed verbatim by an ex- 

ernal party, and checked by study team members. Study team 

embers coded the transcripts using the deductive-inductive- 

eductive framework method [25] . We achieved data familiariza- 

ion through notetaking during the interviews and transcript re- 

iews. After which, all coders independently performed deductive 

oding on one transcript and calibrated the coding during team 

eetings. Coding was conducted by two and three independent 

esearchers in Singapore and India, respectively. New categories 

hat arose from the coding were discussed during team meetings, 

nd disagreements were resolved with reasoning and team voting. 

e also conducted regular meetings between both sites to ensure 

greement with the process and codes. After finalizing the coding 

ategories, essential themes from both countries were charted into 

 thematic matrix and juxtaposed to highlight the similarities and 

ifferences between the two settings. NVivo 12 Pro was used to 

rganize the qualitative data [26] . 
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Table 1 

Demographic characteristics of participants in India and Singapore. 

Demographic characteristics 

No. of participants 

India (N = 30) Singapore (N = 15) 

Age (in y) 

Median (Min, Max) 37.5 (31, 61) 32 (26, 64) 

Years of practice as a physician, n (%) 

< 2 0 2 (13.3) 

2–5 5 (16.7) 2 (13.3) 

> 5–9 7 (23.3) 3 (20.0) 

> 9 18 (60.0) 8 (53.3) 

Sex, n (%) 

Male 21 (70.0) 9 (60.0) 

Female 9 (30.0) 6 (40.0) 

Basic medical education, n (%) 

Local 30 (100.0) 9 (60.0) 

Overseas 0 6 (40.0) 

Professional designation, n (%) 

Medical Officers/ Residents/Senior Residents 0 8 (53.3) 

Senior Resident Physicians 3 (10.0) 1 (6.7) 

Consultants/Assistant and associate professors 18 (60.0) 3 (20.0) 

Senior Consultants/Professors) 9 (30.0) 3 (20.0) 

Specialty of practice, n (%) 

Nephrology and Urology 3 (10.0) 0 

Infectious Diseases 5 (16.7) 15 (100) 

Respiratory medicine 3 (10.0) 0 

Critical care (Medical & Surgical) 7 (23.3) 0 

Haematology 3 (10.0) 0 

Other medical specialities ∗ 9 (30.0) 0 

NOTE. Other medical specialties include general medicine (3), gastroenterology and hepatology (2), rheumatology, endocrinology, dermatology, and orthopaedics. 
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. Results 

We interviewed 30 and 15 physicians in CMCV and NCID, re- 

pectively. The baseline characteristics of the physicians are pre- 

ented in Table 1 . Table 2 shows the component definitions of the 

TAUT model and the themes and representative quotes from the 

ndia and Singapore interviews. The major themes from our anal- 

sis were aligned with the UTAUT model. Physicians’ desired fea- 

ures for the AI tool are classified under facilitating conditions. We 

dditionally included ethical considerations in Table 2 . 

.1. Performance expectancy 

Most physicians in Singapore felt that the AI tool could facilitate 

ntibiotic prescribing, while most Indian physicians were sceptical 

bout the AI tool’s utility. Physicians from both sites were similarly 

oncerned about the impediment of clinical judgement and work 

fficiency with the use of AI-enabled CDSSs. 

.1.1. Perceived usefulness of AI-enabled CDSS 

Most CMCV physicians were sceptical of the utility of an AI- 

nabled CDSS. They felt that the tool would not value-add to their 

ntibiotic prescribing decisions, given the availability of expert spe- 

ialists that physicians could consult for difficult decisions. They 

elt that decision-making for antibiotics is complex and involves 

onsiderations which the AI-enabled CDSS may neglect, such as 

he complexity of multiple morbidities, varied geographies, differ- 

nt susceptibility patterns, and changes in clinical condition. Physi- 

ians in CMCV also highlighted patients’ economic status as an im- 

ortant consideration for antibiotic decisions and would like the 

I-enabled CDSS to consider the patient’s socioeconomic status be- 

ore making antibiotic recommendations. 

“Short answer, it sounds good. But at a practical level, I don’t know 

to what extent that can be useful. I’ll tell you the reason because, 

like for instance, even in our setup, one thing is the huge burden of 

comorbidities, which most of our patients will have.” (India, Con- 

sultant) 
78
On the contrary, NCID physicians felt that a trusted AI-enabled 

DSS would help them arrive at decisions quicker with summa- 

ized patient information. The AI-enabled CDSS could also help 

o affirm physicians’ antibiotic prescribing decisions in some in- 

tances. 

“Oh well if it’s fast enough, it will definitely be a lot quicker, be- 

cause now we have to consider all those different things by our- 

selves right without a system in place but if the system can do it 

for you and it already takes all that into consideration, it will be 

much easier.” (Singapore, Medical Officer) 

.1.2. AI-enabled CDSS may impair clinical judgement 

Physicians from both settings were worried that an AI-enabled 

DSS might encourage over-reliance on the system and diminish 

heir ability to make prescribing decisions. As NCID and CMCV are 

eaching hospitals, many senior physicians were concerned that 

hey would be unable to teach younger professionals how to think 

ritically and make decisions on antibiotic prescribing. 

“The thing is, I think that it’s not that good for our trainees, be- 

cause they are not able to make those decisions without the aid of 

that machine.” (India, Senior Consultant) 

.1.3. AI-enabled CDSS may impede work efficiency 

Some physicians in both sites were concerned that the incorpo- 

ation of an AI-enabled CDSS in their clinical workflow would slow 

own processes instead of speeding them up. 

“I may need to type in the information and wait for the system 

to run. You’ll get a bit irritated, because now you need even more 

input, and most of such black box [systems] they need a bit more 

computational power so it might be even slower as opposed to a 

rule-based ARUS-C. So, my main worry is that it slows down the 

workflow even more.” (Singapore, Medical Officer) 

.2. Effort expectancy 

Most NCID physicians felt that minimal effort would be re- 

uired to learn to use a new AI-enabled CDSS due to familiarity 
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ith the rules-based ARUS-C implemented in NCID. However, some 

CID physicians and most CMCV physicians were concerned about 

he additional effort needed to input the required data. They ex- 

ressed familiarity with the application of AI but could not en- 
Table 2 

Themes and representative quotes from the India and Singapore interviews. 

Themes Singapore NCID representative Quotes 

Performance expectancy 

(The degree an individual believes that the system helps improve job performance)

Perceived usefulness of AI-enabled 

CDSS 

Singapore: Physicians feel that an 

AI-enabled CDSS would help them to 

arrive at decisions faster and serves as 

a tool to support their antibiotic 

prescribing decision. 

India: Most physicians are sceptical of 

the AI-enabled CDSS as they felt that 

it would not add value to physicians’ 

capabilities. 

“Oh well if it’s fast enough, it will defi

because now we have to consider all t

by ourselves right without a system in

system can do it for you and it alread

consideration, it will be much easier.”

“I would use it for the purposes of com

it’s useful to always have a check agai

(Medical Officer) 

AI-enabled CDSS may impair clinical 

judgement 

Physicians expressed concern that the 

use of such tools may encourage 

over-reliance on the use of the system 

and diminish their ability to make 

antibiotic prescribing decisions. 

“As a physician, there is a temptation 

basically just fall back on it.” (Medical

“I’m just scared that the junior[s] will

thinking, without reasoning, you know

people from learning and reasoning. (

AI-enabled CDSS may impede work 

efficiency 

Junior physicians felt that an 

AI-enabled CDSS might slow down the 

entire workflow. The need to bypass 

the system becomes an impediment 

to their daily workflow if the 

recommendations are not deemed to 

be accurate. 

“I may need to type in the informatio

system to run. You’ll get a bit irritated

need even more input, and most of su

they need a bit more computational p

even slower as opposed to a rule-base

worry is that it slows down the workfl

(Medical Officer) 

Effort expectancy 

(The ease of use and complexity of the system) 

Familiarisation with a new system 

Physicians anticipate having to put in 

more effort to get used to the system 

at the beginning. 

“Oh well, I’ve been changing compute

months … It’s definitely difficult, but 

functional within the first week. Then

the first month mark.” (Medical Office

An apprehension of the time 

required to use the system 

Singapore: Two junior physicians 

mentioned that they would require 

more effort to input data into the AI 

system instead of concluding the case 

quickly if it is straightforward. 

India: Most physicians expressed that 

while they were familiar with the 

application of AI, they could not 

visualise how such a tool could be 

integrated into their everyday work. 

“It seems alright to use just that there

where you have to input some inform

it might slow down the process a littl

Social influence 

(The degree to which an individual perceives how others believe he or she should u

Professional hierarchy influences 

decision-making in antibiotic 

prescribing 

"It makes a difference because if your

not want to follow the recommendatio

junior do not have a choice you just fo

not the one making the final decision.

most legally responsible for it." (Medi

79 
isage the integration of an AI-enabled CDSS into their everyday 

ork. Hence, they felt that the tool would be effortful to use. 

“That’s what technology should do, as long as the data is taken in 

automatically and there’s somebody else, I mean, I can’t sit and 
India CMC Vellore representative Quotes 

 

nitely be a lot quicker, 

hose different things 

 place but if the 

y takes all that into 

(Medical Officer) 

plicated cases, I think 

nst my biases.”

“I’m slightly sceptical about it. But I know 

people who’ve worked in that, and they say 

that it helps in that. Yeah, so in the papers 

that we read, they use a lot of AI data.”

(Consultant) 

“Short answer, it sounds good. But at a 

practical level, I don’t know to what extent 

that can be useful. I’ll tell you the reason 

because, like for instance, even in our setup, 

one thing is the huge burden of 

comorbidities, which most of our patients 

will have.” (Consultant) 

to just rely on AI and 

 Officer) 

 just use it without 

? [The tool] will stop 

Senior Consultant).”

“I think over time people won’t know how to 

decide. It will make people, doctors dumb, 

over a period of time, because everyone will 

just key in and what is the AI telling, ok I’ll 

prescribe that. It’s over time.” (Senior 

Consultants) 

“The thing is, I think that it’s not that good 

for our trainees, because they are not able to 

make those decisions without the aid of that 

machine.” (Senior Consultant) 

n and wait for the 

, because now you 

ch black box [systems] 

ower so it might be 

d ARUS-C. So, my main 

ow even more.”

“That’s all based on how efficiently you put it 

together. AI can slow things; AI can fasten 

things up.” (Senior Consultant) 

r systems every six 

you’re forced to be 

 you get a bit better at 

r) 

“I don’t like to begin, to work with any new 

system, initially maybe a difficult one, but 

anything if it’s got integrated and if the 

interface is good, we, we will go for it.”

(Senior Resident) 

 are certain parts 

ation also. I foresee that 

e bit.” (Medical Officer) 

“What technology should do, as long as the 

data is taken in automatically and there’s 

somebody else, I mean, I can’t sit and feed all 

the data. They should employ somebody to 

put the data in.” (Senior Consultant) 

se the new system) 

 senior clinician does 

ns, then you as a 

llow, because you’re 

 You’re not the one, the 

cal Officer) 

“That’s what if you can show us that it’s 

good. Like we have HICC guidelines. We know 

that this is something developed by our own 

institution based on our AMR. So, we teach all 

our registrars and interns please look at this. 

Or if it’s Stanford, we know that this is a 

quick reference. So, if you can show us a 

resource, which is useful, there is no reason 

why we would not use it.” (Consultant) 

( continued on next page ) 
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Table 2 ( continued ) 

Themes Singapore NCID representative Quotes India CMC Vellore representative Quotes 

Patient perceptions have minimal 

influence on physicians’ use of an 

AI-enabled CDSS 

Singapore : Some physicians felt that 

some patients would prefer the 

human touch and the physician’s 

acumen in clinical decision-making, 

while others felt that patients would 

be unaware of the use of AI and be 

unconcerned about the 

decision-making process. 

India : Patients do not participate in 

decision-making for antibiotics. 

Hence, most would not discuss the 

use of AI with their patients. 

“I think most would be encouraged by it. Because technically, 

it’s evidence based, and if it’s accurate, it’s better than 

human error … but there may be a percentage will be much 

smaller, [of] people that will be like, “Oh, you’re just trusting 

in formulations. You’re not even diagnosing [as] a doctor.”

(Medical Officer) 

“I think a lot of times patients are not very aware of how we 

make our decision in terms of antibiotics. They’re not fully 

aware of it at least … I think if we did use this system, I 

don’t think most doctors would say “oh, we use the 

computer system to decide what kind of antibiotics we 

should give you.”.” (Medical Officer) 

“Why should the patient know we’re using 

AI? So, we are looking at so much of resource. 

No, even drugs, there are resources. What do 

you call it ... Drug Information. I don’t know, 

we don’t tell the patient that we’re using it.”

(Consultant) 

Facilitating conditions 

( The degree to which an individual believes that an organizational and technical infrastructure exists to support the use of the system ) 

Workflow integration 

Many physicians prefer to integrate 

the AI-enabled CDSS into their current 

clinical system for ease of use. 

“I think it should be integrated. It’s [to do with] ease of 

drawing the [AI-enabled CDSS] out, and then I presume it 

would be easier on the back end for the software to draw on 

all the clinical information of the patient.” (Medical Officer) 

“See, Emergency Department, we don’t have 

time. Okay, so if you’re going to have multiple 

things to enter into that app, nobody’s going 

to use it. So, the shorter and the sweeter it is, 

the better… just don’t make it cumbersome. 

For too many things to fill…I won’t just fill in. 

Because there’s too much work and not 

enough time to fill a lot of facts into a 

system.” (Consultant) 

Validated and up-to-date algorithms 

Most participants expressed the need 

for rigorous scientific testing and 

experimentation before such a tool 

could be incorporated into practice. 

“I think they have to try it themselves to see whether it 

actually works. A lot of times when these things are pushed 

out and you’ve never tried it before, on paper it looks good 

but actually in practice it is very challenging.” (Senior 

Resident) 

“So, if there were a central repository of that information 

that allowed the AI programme to be, updated on a daily 

basis, that might be cool. I’d have to see if it’s able to be 

validated.” (Senior Consultant) 

“But it has to be more categorically proven. 

That I’m just wondering whether there are 

RCTs already there or if there are not, why 

not plan a randomized control trial, one arm 

with AI, one arm usual care. And you we 

need to prove that AI is better, in what all 

ways? Only then we can say it’s worth going 

that way.” (Senior Consultant) 

“So, I think it has to be field tested here. If 

we find that it is something I mean like what 

it’s suggesting is what is the best evidence 

based and cost-effective, then why not?”

(India, Consultant) 

Good IT infrastructure 

Physicians feel that it is necessary for 

the institution’s hardware (e.g., 

desktop) to support the processing 

power required for AI-enabled CDSS. 

“I think a good AI will need to have a good set of hardware 

that can allow this all these calculations to be done without 

lagging up the whole system. No matter how good or 

well-intentioned it is, if it takes forever just to load, and the 

hardware cannot keep up with even the basic processing of 

the app, people actually do find it burdensome to use.”

(Resident) 

Training and technical support 

Support and training prior to 

implementation. 

“Educate. This is assuming they fully trust the system-that it 

works, and it’s accurate. Then it’s to educate everyone else 

that it is accurate. And to show us how it is accurate. So that 

we are not blindly following." (Medical Officer) 

“We will have to have sessions on how to use 

your app or whatever it is that you’re going 

to provide us. Short of that, where to put the 

right information inside that app.”

(Consultant) 

Voluntary use vs. Mandatory use 

Mandating the system will cause 

resistance in uptake, over-reliance on 

the system, workflow impediment, 

and might take away the physician’s 

autonomy. 

"I guess making it mandatory would be good but I would see 

some resistance. I suppose you need to kind of look at 

readiness from the perspective of the stakeholders, before we 

decide about making it mandatory." (Consultant) 

“I think it would interfere if it was made mandatory. ARUS-C 

already a interferes a little bit, because it is more in the 

speed of working, and sometimes you’ve already made a 

certain decision as to how you want to treat the patient and, 

[the system] kind of goes against. This new system, I guess it 

could potentially interfere. The better [the] programme is the 

less likely it is to interfere.” (Medical Officer) 

“Yes, I mean, so, if you make something 

compulsory, then there is more you know, 

what do you say, rigidity using it, because 

you feel you will lose your freedom. But if 

you say you use it for complex for these types 

of infections, and people will be more open, I 

feel.” (Senior Consultant) 

“We should do it on a trial basis system 

probably for three to six months and see how 

it goes. If it was excellent system then all the 

stakeholders are happy with it, we can even 

make it to certain extent mandatory and 

certain extent flexible and open for 

discussion.” (Consultant) 

Co-creation is necessary 

Singapore : Co-creation of the 

AI-enabled CDSS with a sample of 

representative physicians is lauded by 

physicians. 

India: Co-creation was mentioned by 

a few physicians but unimportant. 

"Co-creation will allow you to get more buy-in, I feel, right 

from the start? And then once you get that buy-in then it’s 

easier to push it out to people." (Consultant) 

"Your sample size needs to be very accurate, so you cannot 

just be asking senior clinicians, the reason is because senior 

clinicians may be a bit out of touch in terms of how things 

work on call." (Medical Officer) 

“I think we will have a team meeting and 

probably in the department discussion and 

we decide it. I don’t think, I don’t feel it will 

be right for some practitioners or even some 

to develop this, just probably means that 

there’s something about the system that is 

not reliable.” (Consultant) 

( continued on next page ) 
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Table 2 ( continued ) 

Themes Singapore NCID representative Quotes India CMC Vellore representative Quotes 

Feedback is necessary and should be 

prompt 

Feedback has to be prompt and taken 

seriously. 

"I think that feedback is important because, if it can be acted 

on quickly then they are obviously good and tangible 

outcomes to that are felt on the ground. It’s both the issue of 

work efficiency and also of morale as well." (Resident) 

Customisability is unnecessary "I would say customizability is probably secondary in my 

mind." (Senior Resident) 

AI should be updated regularly 

Senior physicians stated that the 

AI-enabled CDSS should be as updated 

as possible. 

"If there were a central repository of that information that 

allowed the AI programme to be updated on a daily basis, 

that might be cool. I’d have to see if it’s able to be validated." 

(Senior Consultant) 

Integration of nationwide data in 

the AI system 

Physicians would like the AI-enabled 

CDSS to be calibrated with nationwide 

data. 

"What I’m trying to say is that if a patient hospital hops, 

does it obtain all the culture results from all the other 

hospitals also? I think it will make a difference because 

sometimes where the patient might have been- all this 

would be missed out." (Medical Officer) 

Easy presentation of AI’s rationale 

Most physicians expressed that they 

do not need to understand the inner 

workings of the AI system but would 

like the AI-enabled CDSS to provide a 

short explanation to explain the 

rationale behind the recommendation. 

"I have no understanding of that model." (Medical Officer) 

"I guess the way of presenting it, I mean to people on the 

ground, especially physicians are that we don’t really need a 

lot of information like a whole course, but we just need 

perhaps just a few lines just to explain the rationale." 

(Resident) 

Cost-effectiveness considerations 

Physicians brought up the need to 

consider patients’ financials. 

“It maybe, okay in a simple thing, but 

patients are never simple. Their financials are 

never simple. So, if you have multiple options, 

let’s say Amikacin, Piperacillin Tazobactam, so 

Amikacin, we have much cheaper option for 

me to give my patient than some. So yeah, 

multiple options.” Consultant) 

Ethics 

(Any other medico-legal or ethical considerations on the use of AI) 

Prioritizing patient safety 

Physicians would prioritise patients’ 

safety over AMR . 

“For some reason, the AI doesn’t take into account that 

patient had seizure before, and then you follow Ertapenem, 

and then patient had seizure and patient die from seizure, 

which we know may or may not be related to Ertapenem 

lowering the seizure threshold, then whether the AI is 

responsible or not.” (Senior Resident) 

"I would be a later adopter rather than an early adopter for 

the purposes of ensuring that some of these cases are ironed 

out before I adopt it." (Senior Resident) 

“I will take it with a pinch of salt. I’ll always 

take it with a pinch of salt because I trust 

myself better than a machine, I will definitely 

consider but I just don’t want to totally 

depend up on.” (Consultant) 

Transparency of AI 

Interpretability promotes trust in the 

AI-enabled CDSS. 

“Of course, I mean for everything, [knowing] how you arrive 

at a certain recommendation- is better. [The 

recommendation] will be more trustworthy if you know how 

the system generates all those recommendations.” (Principal 

Resident Physician) 

“Like even choosing an antibiotic you need to 

take care of the patients…like financial 

resources, conditions. Many decisions not 

simple, like some antibiotic resistance and all 

the bugs, it’s not only that you want to make 

a decision here. There’s a lot more things 

need to go into it.” (Senior Resident) 

Accountability in AI 

Some senior physicians mentioned the 

need for proper and continued 

oversight of AI-enabled CDSS. 

“I think there needs to be a panel of people. I don’t know 

how frequently they should meet up but there should be a 

determined frequency to evaluate the rules in that AI-derived 

CDS. Evidence is turning up quite fast sometimes. [As] 

evidence appears then how [quickly] you meet up and 

discuss, “Should we build this in, should we not build this in 

yet?”.” (Consultant) 

“And lastly, we need some kind of audit 

mechanism in place. I’m not sure. Yeah, I 

guess it should be intradepartmental, which 

goes upwards to ID or whichever…multiple 

departments.” (Consultant) 

Supportive medico-legal framework 

While most physicians felt that 

physicians are responsible for 

medical-legal liabilities as they are 

the ultimate decision makers, others 

felt that the hospital should also take 

responsibility for the AI-enabled CDSS 

recommendations if the adoption of it 

is mandatory. 

“I guess at the end of the day, if you don’t make it a hard 

stop, the responsibility is in the clinicians because we can 

choose to follow, or we can choose to override.” (Senior 

Resident) 

“I think if you make it mandatory, it is the hospital’s 

responsibility. … If you make it mandatory the risk is that 

the hospital, then becomes liable." (Senior Consultant) 

“I still think the liability is going to be on the 

physician. I don’t think you can pin it on the 

AI. At least that’s what the current law is. 

Whatever system is used, the liability is 

physicians.” (Consultant) 

Retaining physicians’ autonomy 

Physicians felt that AI should not and 

will not affect the physicians’ 

autonomy if it is voluntary. 

“If you have a system that is built well and can minimize 

those errors, I’m all for it. Overall, I don’t think we should 

see it as an impediment to the professional autonomy of the 

clinicians as long as the system is well-built, and it is 

accurate. And there are no glitches or problems with it. I 

don’t see an issue with it. In fact, I feel it’s our duty to 

embrace such things which would improve patient 

outcomes.” (Consultant) 

“There’s some science to it [AI-based tool]. 

There’s some evidence to do it. But I don’t 

think it will completely ever replace the art 

of going and standing by the bedside and 

evaluating and changing decisions…I don’t 

think you can ever come to a point when you 

say the AI will prescribe and doctors can’t. If 

it comes to that, then yes, it’s a major 

infringement of autonomy. And I think all of 

us will be up in arms.” (Consultant) 

NOTE. All the themes derived from the interviews are classified under the constructs of the UTAUT model – ‘Performance expectancy’, ‘Effort expectancy’, ‘Social influence’, 

and ‘Facilitating conditions’. Physicians’ opinions are summarized for each theme and their representative quotes are listed in the columns beside the themes. 
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feed all the data. They should employ somebody to put the data 

in.” (India, Senior Consultant) 

.3. Social influence 

Social influence comprises physicians’ work relationships and 

heir relationships with their patients. Work relationships influ- 

nce the adoption of the AI-enabled CDSS in both India and Singa- 

ore, but physicians’ impressions of patients’ perceptions differed 

etween both settings. 

.3.1. Professional hierarchy influences decision-making in antibiotic 

rescribing 

Work relationships exert varied influences across different cul- 

ures and settings. A few physicians at NCID and CMCV mentioned 

hat they would be influenced by colleagues to use an AI-enabled 

DSS at work, with professional hierarchy exerting more influence 

han peers. Senior physicians and professors at CMCV would en- 

ourage their juniors to use the tool if they were using it. 

“It makes a difference because if your senior clinician does not 

want to follow the recommendations, then you as a junior do not 

have a choice you just follow because you’re not the one making 

the final decision. You’re not the one, the most legally responsible 

for it so to speak.” (Singapore, Medical Officer) 

.3.2. Patient perceptions have minimal influence on physicians’ use 

f an AI-enabled CDSS 

Patients do not participate in decision-making for antibiotics in 

he Indian setting. A patient may discuss the financial implication 

f using an antibiotic with the doctor but prefers the doctor to 

ake treatment decisions on his/her behalf. Therefore, most Indian 

hysicians did not feel the need to discuss use of an AI-enabled 

DSS with their patients. 

“Why should the patient know we’re using AI? So, we are looking 

at so many resources. No, even drugs, there are resources, what do 

you call them. Drug Information. I don’t know, we don’t tell the 

patient that we’re using it.” (India, Consultant) 

Shared decision-making is becoming popular in Singapore, al- 

hough it is still uncommon in antibiotic prescribing in inpatient 

ettings. Some Singaporean physicians felt that patients would 

refer the human touch and the physician’s acumen in clinical 

ecision-making over an AI-enabled CDSS. Others felt that patients, 

eing unaware of the use of AI in their treatment decisions, would 

ot be overly concerned about the physician’s decision-making 

rocess. In the case where patients are aware of the doctor’s use of 

n AI-enabled CDSS in their care, one physician felt that most pa- 

ients would encourage the evidence-based approach, but a small 

umber of them would still prefer the doctor’s acumen. 

“I think most would be encouraged by it. Because technically, it’s 

evidence based, and if it’s accurate, it’s better than human error …

but a much smaller percent [of] people will be like, “Oh, you’re just 

trusting in formulations. You’re not even diagnosing [as] a doctor.”

(Singapore, Medical Officer) 

.4. Facilitating conditions 

There were similarities and differences in the conditions that 

acilitate the adoption of AI-enabled CDSSs in the two institutions. 

.4.1. Workflow integration 

Most physicians preferred the AI-enabled CDSS to be integrated 

ith their workflows. They envisioned a well-integrated tool to 

e one that pulled all relevant information from clinical databases 

ithout the need for physicians to input any data. 
82 
“I think it should be integrated. It’s [to do with] ease of drawing 

the [AI-enabled CDSS] out, and then I presume it would be easier 

on the back end for the software to draw on all the clinical infor- 

mation of the patient.” (Singapore, Medical Officer) 

Physicians in CMCV also expressed that working with a new 

ystem is challenging and any change to the existing workflows 

ould be difficult to incorporate if they were on a different plat- 

orm like the phone. 

“I don’t like to begin, to work with any new system, initially maybe 

a difficult one, but anything if it’s got integrated and if the inter- 

face is good, we, we will go for it.” (India, Senior Resident) 

.4.2. Validated and up-to-date algorithms 

Most physicians in both sites expressed the need for rigorous 

cientific testing and validation before an AI-enabled CDSS could 

e incorporated into clinical practice. 

“So, I think it has to be field tested here. If we find that it is some-

thing I mean like what it’s suggesting is what is the best evidence 

based and cost-effective, then why not?” (India, Consultant) 

.4.3. Training and technical support during implementation and 

esting 

Technical support for troubleshooting and attending to feedback 

as considered important in the implementation of an AI-enabled 

DSS. Physicians in CMCV also mentioned education and increased 

xposure across departments as important steps in the initial de- 

loyment of a new technology. 

“We will have to have sessions on how to use your app or what- 

ever it is that you’re going to provide us. Short of that, where to 

put the right information inside that app.” (India, Consultant) 

.4.4. Other facilitating conditions that are important to NCID 

hysicians 

Other facilitating conditions mentioned by NCID physicians in- 

lude taking feedback seriously and acting on it promptly, having 

ood IT infrastructure to support the processing power required for 

he AI-enabled CDSS, and being able to interpret the system’s out- 

ut. Although understanding how the AI system arrived at the rec- 

mmendations is important, most physicians expressed that they 

o not need to understand the inner workings of the system but 

ould instead prefer short explanations on the rationale behind 

he recommendations for them to trust the system. 

"I guess the way of presenting it, I mean to people on the ground, 

especially physicians is that we don’t really need a lot of informa- 

tion like a whole course but we just need perhaps just a few lines 

just to explain the rationale." (Singapore, Resident) 

Co-creation of the AI-enabled CDSS with a sample of represen- 

ative physicians is lauded by NCID physicians. However, they did 

ot find customizability necessary. Co-creation was also welcomed 

y a few physicians in CMCV. 

“So, co-creation will allow you to get more buy-in, I feel, right from 

the start? And then once you get that buy-in then it’s easier to 

push it out to people.” (Singapore, Consultant) 

.4.5. Adoption of AI-enabled CDSSs to be voluntary instead of 

andatory 

Mandating the use of AI tools may cause resistance in uptake, 

ver-reliance on the system, workflow impediment, and loss of the 

hysician’s autonomy. Physicians in CMCV also expressed that they 

ere more likely to adopt the AI-enabled CDSS if they had the 

reedom to explore the tool and discover its benefits than if they 

ere mandated to use it. 
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“I guess, making it mandatory would be good but I would see some 

resistance. I suppose you need to kind of look at readiness from 

the perspective of the stakeholders before we decide about making 

it mandatory." (Singapore, Consultant) 

“We should do it on a trial basis system probably for three to six 

months and see how it goes. If it was excellent system then all 

the stakeholders are happy with it, we can even make it to certain 

extent mandatory and certain extent flexible and open for discus- 

sion.” (India, Consultant) 

.5. Ethical considerations 

Ethical considerations are not part of the UTAUT model but are 

ssential for the use of AI in medicine for patients’ safety and to 

acilitate its acceptance and adoption. Prioritizing patient safety, 

ransparency and accountability of AI, retaining physicians’ auton- 

my, and having a supportive medico-legal framework are themes 

hat emerged from the interviews. 

.5.1. Prioritizing patient safety 

An AI-enabled CDSS tool would need to perform adequate risk 

ssessments before making antibiotic recommendations, to ensure 

atient safety and physician confidence in its use. Some physicians 

elt that the considerations of the AI-enabled CDSS could be lim- 

ted and may compromise patient safety. 

“For some reason, the AI doesn’t take into account that patient had 

seizure before, and then you follow Ertapenem, and then patient 

had seizure and patient die from seizure, which we know may or 

may not be related to Ertapenem lowering the seizure threshold, 

then whether the AI is responsible or not.” (Singapore, Senior Res- 

ident) 

.5.2. Transparency and accountability of AI 

Transparency in AI is fundamental to its interpretability, which 

n turn promotes trustworthiness in the AI system. Some physi- 

ians from both sites would like to have information on how the 

ecommendations were made by the AI-enabled CDSS to trust its 

ecommendations. 

“Of course, I mean for everything, [knowing] how you arrive at a 

certain recommendation- is better. [The recommendation] will be 

more trustworthy if you know how the system generates all those 

recommendations.” (Singapore, Principal Resident Physician) 

Senior physicians in both sites also mentioned the need for 

roper and continued oversight of AI-enabled CDSSs for account- 

bility. Audits and evidence reviews are important to ensure that 

he recommendations made by the AI-enabled CDSSs are relevant 

nd up to date. 

“We need some kind of audit mechanism in place. I’m not sure. 

Yeah, I guess it should be intradepartmental, which goes upwards 

to ID or whichever…multiple departments.” (India, Consultant) 

.5.3. Supportive medico-legal framework 

A supportive medico-legal framework is essential to instill con- 

dence in AI adoption in clinical decision-making, as liabilities as- 

ociated with AI-enabled technologies are not yet established or 

ell regulated. While most physicians felt that they are responsible 

or medico-legal liabilities as the ultimate decision-makers, oth- 

rs felt that the hospital should take responsibility for recommen- 

ations made by AI-enabled CDSSs, if their adoption were made 

andatory. 

“I think if you make it mandatory, it is the hospital’s responsibil- 

ity. … If you make it mandatory the risk is that the hospital then 

becomes liable.” (Singapore, Senior Consultant) 
83
“I still think the liability is going to be on the physician. I don’t 

think you can pin it on the AI. At least that’s what the current 

law is. Whatever system is used, the liability is physicians.” (India, 

Consultant) 

.5.4. Retaining physicians’ autonomy 

Most physicians in NCID were not concerned about AI infringing 

hysicians’ autonomy as they are the final decision makers regard- 

ng their patients’ care. They felt that an AI-enabled CDSS would 

ot affect physicians’ autonomy if its adoption is voluntary. Physi- 

ians were more concerned about the accuracy of the AI-enabled 

DSS than infringement of physicians’ autonomy. 

“If you have a system that is built well and can minimize those 

errors, I’m all for it. Overall, I don’t think we should see it as an

impediment to the professional autonomy of the clinicians as long 

as the system is well-built, and it is accurate. And there are no 

glitches or problems with it. I don’t see an issue with it. In fact, 

I feel it’s our duty to embrace such things which would improve 

patient outcomes.” (Singapore, Consultant) 

Physicians in CMCV were more sceptical about the AI-enabled 

DSS making complex decisions for antibiotic prescribing. They felt 

trongly that the CDSS should not replace a physician’s decision- 

aking process and autonomy. 

“There’s some science to it [AI based tool]. There’s some evidence 

to do it. But I don’t think it will completely ever replace the art 

of going and standing by the bedside and evaluating and changing 

decisions. I don’t think you can ever come to a point when you say 

the AI will prescribe and doctors can’t. If it comes to that, then yes, 

it’s a major infringement of autonomy. And I think all of us will be 

up in arms.” (India, Consultant) 

. Discussion 

This study explored the perceptions and concerns of physicians 

n India and Singapore on an AI-enabled CDSS for antibiotic pre- 

cribing and identified the barriers and facilitators for implemen- 

ation. Physicians in Singapore were more accepting of such a tool, 

hile physicians in India were sceptical about the value of an AI- 

nabled CDSS in helping them to make antibiotic prescribing deci- 

ions. Notable facilitating conditions at both sites include integrat- 

ng the CDSS with the physicians’ workflows, validating the accu- 

acy of the CDSS’s algorithms and antibiotic recommendations, and 

raining in and technical support for the use of the system. Other 

ssential factors influencing the adoption of an AI-enabled CDSS 

nclude co-creating the tool with physicians and allowing volun- 

ary use . To our knowledge, this study is the first physician-focused 

ualitative study that has explored the acceptance of AI-enabled 

DSSs in different cultural and practice contexts. By comparing the 

erceptions of physicians in India and Singapore, we gained deeper 

nsights and a better understanding of the concerns and factors in- 

uencing the acceptance of such tools that can be generalized to 

ther countries. 

Familiarity with digital technology in healthcare influences 

hysicians’ acceptance of integrating a new technology in daily 

linical practice. Global comparisons of digital adoption demon- 

trate a digital divide between high income countries and LMICs 

27] , and India and Singapore are observed to be at different ends 

long the spectrum of digital health technology adoption. In our 

tudy, we noted that the optimism among NCID physicians about 

he utility of AI-enabled CDSS stems from the experience of using a 

ules-based CDSS (ARUS-C) in current day-to-day clinical practice. 

olutions targeted at digital inclusion and equity, tailored to the 

ocal context, could potentially narrow the gap in digital divide. 

Our study illustrated the importance of study context in shap- 

ng the acceptability of the AI-enabled CDSS. With regard to de- 



Z. Huang, M.M. George, Y.-R. Tan et al. Journal of Global Antimicrobial Resistance 35 (2023) 76–85 

s

t

a

t

p

c

p

r

t

t

A

f

i

e

e

q

f

r

t

l

t

c

o

t

H

p

A

d

c

t

t

t

t

d

i

f

i

c

i

t

i

h  

p

i

s

l

o

m

p

t

s

t

t

a

i

c

t

v

p  

g

A

d

f

o

e

i

t

m

t

t

t

c

g

s

c

e

l

5

t

c

c

o

c

a

p

a

F

(

t

C

E

t

R

t

C

w

m

A

i

t

A

N

i

h

i

S

f

R

 

 

irable features of AI-enabled CDSSs, a unique theme from the in- 

erviews with Indian physicians was the tool’s ability to provide 

n antibiotic of choice after weighing the cost of medicines with 

he socioeconomic situation of the patient. A recent study about 

hysicians’ perceptions on the use of an AI-enabled CDSS for on- 

ology across India, China, Brazil, South Korea, and Mexico also re- 

orted cost consideration as a desirable feature [28] . This theme 

elates to the local context of poverty and out-of-pocket expendi- 

ure for medicines in India which is vastly different from the con- 

ext in Singapore. The difference in physicians’ acceptance of an 

I-enabled CDSS for antibiotic prescribing in India and Singapore 

urther highlights the relevance of studying the context in which 

nnovations will be implemented. 

Conditions that facilitate physicians’ intention to adopt an AI- 

nabled CDSS centered around factors that enhance users’ experi- 

nce (i.e., workflow integration, IT infrastructure, ease of use, ade- 

uate training and support). These factors are essential for success- 

ul implementation but might be constrained by the availability of 

esources. Regardless, the AI tool needs to be tested and validated 

o instill confidence in physicians to increase its uptake [29] . The 

oss of autonomy in clinical decision making and the concern that 

he AI tool could impede a physician’s clinical judgement was a 

ommon theme in both India and Singapore. Apart from the fear 

f losing autonomy in healthcare, it is often cited as the biggest 

hreat to future developments in AI tools for everyday life [30] . 

owever, a complete reliance on AI is unlikely to happen because 

hysicians are liable for their clinical decisions. On the contrary, 

I could help physicians address administrative issues, overcome 

ecision fatigue, and solve complex problems. Nonetheless, physi- 

ians’ concerns about these issues may implicate AI implementa- 

ion in healthcare and should be addressed early in the implemen- 

ation cycle. 

Work relationships exert limited influence on physicians’ inten- 

ion to adopt an AI-enabled CDSS in our study. Although most par- 

icipants indicated that their decision to use an AI tool is indepen- 

ent of work relationships, seniors in the medical profession may 

nfluence juniors to adopt AI if they use it. Hence, getting buy-in 

rom senior physicians is crucial for the implementation and scal- 

ng of AI-enabled CDSSs. 

Many participants felt the non-necessity to discuss AI-based de- 

ision support with their patients as most patients would be obliv- 

ous to the decision-making mechanisms physicians use for their 

reatment. In the Asian context, doctors assume a paternalistic role 

n decision-making due to patients’ prioritisation of the value of 

ealth over autonomy [ 31 , 32 ]. Most patients in India still prefer

hysicians to make treatment decisions on their behalf [32] , but 

n Singapore, there is a gradual shift from paternalism to more 

hared decision-making between patients and physicians as health 

iteracy increases in the population [31] . Given the fiduciary nature 

f the patient-physician relationship and the spectrum of decision- 

aking preferences, ethical frameworks are necessary to safeguard 

atient interests [33] . 

Technology adoption often lags in health care because of pa- 

ient safety concerns, regulatory barriers, and other ethical con- 

iderations. Although the UTAUT model has been widely used 

o explain user intention to adopt technology, the model failed 

o account for medico-legal and ethical considerations that may 

rise from AI use. These considerations are some reasons for hes- 

tancy in AI adoption among our participants. Therefore, medi- 

al boards and institutions need to step up the oversight of AI 

o enable its implementation. While many countries have de- 

eloped frameworks to guide the ethical use of AI, the Euro- 

ean Union is the only entity with the AI legal act [34] . Sin-

apore has recently launched the A.I. Verify—the world’s first 

I governance testing framework and toolkit for companies to 

emonstrate and verify responsible AI [35] . This move is a step 
84
orward to instill confidence in the providers and consumers 

f AI. 

This study provided insights relevant to implementing AI- 

nabled decision-support tools in health care. However, the study 

s limited by providing perspectives only from physicians. Pa- 

ients’ and administrators’ perspectives would have added to a 

ore holistic understanding of the use of AI in health care set- 

ings. Another study limitation is the coverage of only one cen- 

re in India and one centre in Singapore, and the differences in 

he specialties of the centres in both countries. Sampling to in- 

lude more than one institution in each country would have added 

reater breadth and variation to the sample. Because the progres- 

ion and widespread use of AI is inevitable, future studies should 

onsider assessing the ethical and medico-legal concerns of AI- 

nabled CDSS and include physicians with more diverse techno- 

ogical backgrounds. 

. Conclusions 

In conclusion, the acceptance of AI-enabled CDSSs depends on 

he physician’s confidence with the tool’s recommendations, per- 

eived ease of use, familiarity with AI, the organisation’s digital 

ulture and support, and the presence of medico-legal governance 

f AI. New AI-enabled technologies should be tailored to the lo- 

al practice context in health care to facilitate their acceptance 

nd adoption. Progressive implementation of evidence-based best 

ractices and continuous feedback are essential to allay scepticism 

round the utility of AI-enabled CDSSs. 
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