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artificial intelligence (AI) has the potential to revolutionise healthcare. The
abundance of medical data has led to Al being employed for accurate diagnoses,
treatment protocols and patient care. Students' perception of Al integration in
medical education is crucial for its successful implementation. This study aimed
to assess the acceptance and understanding of Al integration among students in
medical education across different regions of India through a cross-sectional
observation.

Methods: A pan-India survey was conducted among medical students between
1 August 2023 to 20 August 2023 with a pre-validated questionnaire covering
Al awareness and understanding through Google Form, circulated via
WhatsApp.

Results: A total of 730 medical students completed the survey of which 58.6 %
were males and 41.4 % were females. Most students (80.7 %) knew about Al,
but 53.6 % had limited awareness of Al in medicine. Opinions on Al integration
was diverse, with 46.8 % in favour. Workshops (45.2 %) and lectures (31.1 %)
were preferred learning formats. Students were interested in various Al topics
and expect Al to positively impact medicine (45.9 %). Radiology, surgery and
general medicine were predicted to be most influenced by Al. Concerns about
overreliance on Al (49.2 %) and lack of empathy (43.7 %) were highlighted.

Conclusions: Medical students in India display a keen interest in Al and its | Correspondence:
integration into medical education. To fully harness Al's potential in healthcare, | SUSHEELKUMAR
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aware of the challenges and opportunities, emphasising the importance of
balanced Al adoption in medical practice and education.
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Introduction

There is hardly anyone left in society who has intellect of a human brain. Today this is known as
never used man-made gadgets and devices, that  artificial intelligence (Al), a term attributed to Sir
have made everyday life easier. However, many  John McCarthy in the 1950s.!

inventors have tried to create machines with the
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In today’s world of modern medicine, Al is a
life-changing force that drives humans to a new
era, from the accuracy of diagnosing patients to
personalised treatment plans. Al's integration
into practicing medicine has the potential to be a
revolutionising force. Al is capable of mimicking
mental functions such as recognition of speech,
solving problems and strategic reasoning. So, it
could transform medicine by performing nearly
accurate predictions in various tasks like diag-
nosing and treating a condition.*3 Presented arti-
cle delves into the role of Al in college, exploring
how it has the potential to revolutionise old-dat-
ed learning methods and shape the future of the
healthcare education system.

Over time, medical data is becoming increasing-
ly vast and unmanageable for human processing,
for this purpose the concept of data feeding into
Al has emerged which feeds on the large data-
base and provides us with more accuracy. The
greater amount of data leads to increased ac-
curacy when it comes to diagnosis, establishing
treatment protocol and providing patient care.
Al is improving in assisting physicians to narrow
down the probable diagnosis by translating the
process of history taking, in which a doctor asks a
series of questions and then combines them with
symptoms reported, to arrive at a probable diag-
nosis.? Some of them are specialised in assessing
the symptoms and guiding the patient to better
advice on their diagnosis like Buoy Health, which
was developed by Harvard medical school.** Oth-
er platforms like Linus Health focus on the early
detection of cognitive function issues through
neural pathway analysis.® Radiology has partic-
ularly benefited from Al, with improved diagnos-
tic accuracy, faster image analysis and support in
differential diagnosis research and data analysis,
providing valuable tools for radiologists.”®

Students should be introduced to Al right from
the beginning of their medical education jour-
ney to help them become comfortable with its
integration into the healthcare and medical ed-
ucation systems, but before that, it must looked
into the acceptance of Al integration by students
as well as their understanding of Al and evaluate
what students think in terms of Al integration in
the medical healthcare system or if they would
appreciate and enjoy learning Al as a part of the
formal education. For this purpose, the survey
was conducted which allowed to take peek into
the perception of students regarding Al in med-
ical education.
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For Al to be part of medical education various
concerns have arisen, how education would be
delivered, what are the topics to be taught, the
medium by which they taught, whether is there a
need to teach faculty first, is there any technical
faculty required, should it be a part of a theory or
combined with the practical curriculum.’** An-
other dimension of concern comes with the eth-
ical issues of Al in healthcare such as privacy and
data compromise, informed consent, liability is-
sues, algorithmic fairness and biases, which were
main pillars that lead to legal issues.!? Some of the
challenges in medical education include difficulty
in creating models, difficulty in assessing the ef-
fectiveness of Al and the lack of experienced and
knowledgeable content specialists.!?

Still, many questions are left unanswered but by
combining the efforts of Al technology and hu-
mans together, which could surpass the issues
faced by humans and Al working independently.
There is no denying that many institutes have al-
ready taken the initiative to integrate Al to train
their students in various medical practices.!* Na-
tional Yang-Ming Medical University in Taiwan
is training interns to do sutures and ligatures
via artificial skin which has a monitoring system
[WKS-2RII] that asses the scoring of students’
training thus improving their skills.'®

Many administrators and educators, in the field
of education are familiar with Al although they
may not possess an understanding of its potential
applications in medical education or the specific
subjects that should be included in their curricu-
lum, for students. Nevertheless, what Al will look
like in the field of medical teaching and learning,
how it could possibly affect learners and how to
best utilise its benefits is still unclear.'®

This study aimed to assess the acceptance and
understanding of Al integration among students
in medical education across different regions of
India through a cross-sectional observation.

Methods

Design

This cross-sectional research study was designed
to assess the knowledge of Al among medical col-
lege students in India and their attitudes toward
integrating Al into the medical curriculum. It
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consisted of the following sections: consent, de-
mographic details and a questionnaire consisting
of 17 questions that have been pre-validated and
tested for accuracy mainly based on topics cover-
ing Al awareness and understanding. The study
was ethically approved by Swastic Ethics Com-
mittee (Decision No ECR/434/Inst./R]/2013/RR-
19, 15 July 2023).

Data collection

A simple random sampling method was used
to collect data. Students from different years of
study (eg first year, second year, third year and
final year) have been considered as strata. Before
the main data collection, the questionnaire was
pilot-tested on a small group of medical students
to identify any ambiguities, inconsistencies or
difficulties in comprehension. The feedback from
the pilot test has been used to refine the ques-
tionnaire.

Table 1: Questionnaire about knowledge and opinions about
artificial intelligence

List of questions asked in the survey

1. Do you know what is artificial intelligence?
2. Are you aware of the uses of artificial intelligence in medicine?
3. Where have you learned about artificial intelligence in medicine?
4. Are you familiar with any application(s) currently using artificial in-
telligence to improve patient care, diagnostic accuracy and treatment
planning?
5. Should artificial intelligence be a part of the medical college curric-
ulum?
6. Your preferred format(s) of learning about artificial intelligence in
medicine is/are:
7. What is/are the topic(s) in artificial intelligence that you would be
most interested in?
8. What is the possible impact of artificial intelligence on medicine in
the near future?
9. Which specialties will be most affected by artificial intelligence in
the near future?
10. Artificial intelligence in medicine will be helpful as:
a) Supporting physicians in making a clinical diagnosis
b) Supporting physicians in the management protocol
c) Patients diagnosing and treating themselves with the help of arti-
ficial intelligence
d) It can improve the cost-effectiveness of medicine
11. Medical students who learn through artificial intelligence have the
potential to become better physicians compared to their peers.
12. Possible disadvantage(s) of introducing artificial intelligence in
medicine.
13. Possible challenge(s) in introducing artificial intelligence in thera-
peutics.

The questionnaire (Table 1) has been adminis-
tered to participants through an online survey
platform. The responses have been collected
from 1 August 2023 to 20 August 2023. Partici-
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pants have been provided with a clear explana-
tion of the study’s purpose and procedures and
their informed consent has been obtained before
participation.

Participant data were anonymised and kept
confidential. Only aggregated data has been re-
ported in the final article. The questionnaire
was reviewed by a team of medical students and
teachers.

Data analysis

The study utilised descriptive statistics like
counts and percentages to summarise informa-
tion that included details about their demograph-
ics (like age, gender, etc), understanding and at-
titude on the topic. To make sure that there were
enough participants in the study for the results to
be reliable, the following formula was used to fig-
ure out the right sample size for an infinite popu-
lation'” as mentioned below:

S=2Z2xPx (1 -P) /M2

Where: S = sample size for infinite population, Z?
score, P-population proportion (assumed as 50
% or 0.5); M-margin of error, given: Z = 1.960, P =
0.5, M = 0.05 (Have taken the confidence level as
95 % and margin of error as 5 %). Thus, the sam-
ple size was calculated to be 384.16.

Result

The total number of responses received was n =
758 from the survey, out of which only n = 730
responses were valid responses. The survey was
conducted online through a link generated via
Google form and circulated all across medical col-
leges in India (Figure 1).

A 58.6 % of people participating in the survey
were males. The majority of students in the study
were in the age group 18 - 23 years old. A major-
ity of participants demonstrated familiarity with
Al, with 80.7 % acknowledging a fair understand-
ing of Al, while 14.5 % were unsure and 4.8 % had
no knowledge (Figure 2).

A 26.3 % of respondents were well-informed
about the applications of Al in medicine, 53.6 %
had a superficial understanding and the remain-
ing 20.1 % lacked awareness (Figure 3).
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Respondents believed that the main sources of
their knowledge about Al in medicine were me-
dia (55.8 %), friends (28.1 %) and movies or TV
series (34.2 %), which made them familiar with
the advancements in newer technologies, while Al
education in medical college (15.9 %) and online
courses (8.2 %) also contributed to it (Figure 4).

Emerging Al-powered healthcare applications
like PharmEasy, HealthifyMe and PathAl were
recognised by respondents, highlighting the
growing visibility of Al in medical practice (Fig-
ure 5).

Opinions were diverse regarding Al integration
into medical education, as 46.8 % agreed that Al

should be part of the curriculum, 25.8 % were neu-
tral, 15.9 % strongly agreed and smaller percent-
ages disagreed or strongly disagreed (Figure 6).

Workshops (45.2 %), lectures (31.1 %), online re-
sources (33.7 %) and extracurricular activities
(32.1 %) were preferred learning formats for Al
in medicine (Figure 7).

Medical students demonstrated a keen interest
in various Al topics, including its direct applica-
tion in medical practice (56.4 %), contributions
to medical research (49 %), recent innovations
(34.9 %) and potential effects on the roles of phy-
sicians (37.7 %).



B Sharma et al. Scr Med 2023 Dec;54(4):343-52. 347
e a
60
55.8
50
40
342
30 28.1
15.9
20
104
10 8.2
Figure 4: Survey on sources of 0 . .
knOW/edge about aITIfICIa/ Inte/ll' ﬁ;?:;a:;;éz Media Friends Teachers Moviseesriaer;d TV Online course  Don’t knzlw about
gence (Al) in medicine \ J
4 )

Others

No, 1 am not familiar with any such applications
Deep Genomics

Freenome

Buoy Health

PathAl

W Perce ntage

Augmedix

Niramai

Tricog
HealthifyMe
Qure.ai
PharmEasy
Figure 5: Healthcare applications
recognised by respondents \ J
e A
62 ‘ M Strongly Disagree
e . W Disagree
Should artificial intelligence be a part of e
medical college curriculum? . = Neutral
53 ‘
Figure 6: Views on artificial intel- . s 100 reree
ligence (Al) as a part of medical u Strongly Agree
curriculum \ J

Challenges to introducing Al in medical collegesen- ~ General medicine (42.7 %), surgery (42.5 %) and

compassed resource availability (56 %), faculty ex-  radiology (39.7 %) (Figure 9) emerged as the top

pertise (45.8 %) and potential impact on student's  specialties which were projected to be more sig-

clinical skill development (35.6 %) (Figure 8). nificantly influenced by Al integration in the near
future.
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In terms of Al's impact on medicine's future, 45.9
% perceived it as positive, 41 % deemed it unpre-
dictable and smaller proportions viewed it nega-
tively or were uncertain (Figure 10).

Medical students exhibited varying degrees of agree-
ment on Al's roles, such as supporting clinical diag-
nosis (46.1 % agreement), aiding in management
protocols (48.2 % agreement), potential for patient
self-diagnosis and treatment (30.8 % agreement)
and improving cost-effectiveness (39.3 % agree-
ment) (Figure 11).

Respondents highlighted potential drawbacks to Al
integration of which overreliance on Al (49.2 %) was
the number one drawback followed by a perceived
lack of empathy (43.7 %) and concerns about patient
privacy (37 %). Regarding Al in therapeutics, re-
spondents emphasised challenges such as resource
scarcity (44.9 %), physicians' insufficient knowledge
(37.5 %), high implementation costs (54 %) and the
need for high-quality data (48.2 %).
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Discussion

The result of this study is in line with previous
studies. The majority of students in the study are
familiar with Al. A 53.6 % of respondents demon-
strated only a limited understanding of Al's appli-
cations in medicine, which is quite close to 51.6 %
in a study done by Pucchio et al.*® Contrarily, in a
study done by McLennan et al*® 64.3% of partici-
pants expressed that they did not feel adequately
informed about Al. This unfamiliarity is mainly
due to a lack of education, awareness and inter-
est among students. Even teachers are not well
equipped with the knowledge of Al applications.
Thus, it is important to prioritise training for
teachers first so they can effectively convey the
knowledge to the students.

In the study, 62.7 % of respondents agreed with
the integration of Al in medical curricula and ac-
knowledge its potential to revolutionise medicine
in the near future. However, in studies conducted
by Pucchio et al*® and Ejaz et al,?° higher percent-
ages of 78 % and 92 %, respectively, shared this
perspective.

A study by Ejaz et al?° found radiology among the
top specialties thought to be most affected by Al
in the near future while in a study done in Geor-
gia'! also highlighted medical genetics along with
radiology. However, medical students in this sur-
vey believe medicine, surgery and radiology will
be most affected by Al.

Traditional healthcare methods have numerous
advantages, particularly in terms of their inter-
active nature. However, access to healthcare ser-
vices is unevenly distributed across the country,
mainly affecting the rural areas. And there are
many services that are not accessed by the whole
population due to the high cost of treatment
which is not affordable to the patients of low to
lower-middle-class families. In this study, it was
found that Al's assistance in clinical diagnoses
yielded an agreement rate of 46.4 %, whereas the
study conducted by McLennan et al* reported
a higher agreement rate of 62.6 %. Likewise, in
terms of supporting physicians in the develop-
ment of management protocols, presented study
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showed an agreement rate of 48.2 %, while Mc-
Lennan et al' observed a slightly higher agree-
ment rate of 54.4 %.

German and Canadian studies have also revealed
that Alwillimprove the cost-effectiveness of med-
icine. In this survey, 39.2 % of students agreed to
it and a substantial proportion remained neutral
as they could not judge because of lack of knowl-
edge about the matter.

A study conducted by Gong et al*! and Sit et al*
showed participants’ concern about the replace-
ment of radiologists by Al in the future, thus
causing anxiety in medical students considering
radiology specialties. But in contrast, this study
showed that students are not concerned about
the replacement of physicians by Al which is also
observed in other studies by Pucchio et al*® and
Ejaz et al.2? What if the physicians lose touch with
the use of excessive technologies or what if they
over-rely on Al for their work, these are the crit-
ical questions along with the ethical issues that
arise in the minds of students. These questions
can only be answered with time as doctors start
to work with Al But for now, Al is being used
for better purposes in the healthcare sector like
robots in surgery, apps in medicine, electronic
health records in hospitals, etc.

Many challenges have been observed that lie
ahead but most medical professionals agree
that Al promises a good impact in every field of
our healthcare system. However, the widening
knowledge gap could potentially hinder the effec-
tive utilisation of Al in the field of medicine which
is why a well-organised Al curriculum should
be planned in colleges that can equip all medi-
cal students with the knowledge needed to use
these techniques competently to fully harness
the potential of advancing technologies as shown
in an article by Otles et al.?* So far students have
gained information through their peers, media
or research papers. Therefore, the inclusion of a
formal medical curriculum becomes necessary to
enhance their comprehension and proficiency in
this field.
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Limitations

This survey only included the medical students,
potentially excluding opinions from other health-
care professionals or educators, thus creating
sampling bias. The survey was conducted online
through Google Forms, which may introduce se-
lection bias ie, people having easier access to the
internet could have responded in large quanti-
ties. The form was delivered to nearly all states of
the country but the students of only a few states
responded to the survey which may not be suf-
ficient to consider the opinion of the students of
all medical colleges in the country. It is possible
that only the students who were interested in
the topic were the only ones participating in the
survey. The survey was conducted in the English
language, which may have limited the access to
students who understand English potentially ex-
cluding non-English speakers.

Conclusion

s N
The survey was designed to determine the lev-

el of interest among medical students regard-
ing Al This study revealed that students have
a genuine interest in acquiring knowledge
about Al and emerging technologies, as well
as a strong inclination toward incorporating
Al into their future medical careers. This sig-
nifies a positive outlook among students when
it comes to integrating Al within the medical
field. As Al keeps changing the way healthcare
worKs, it is necessary to ensure that students
are ready for these changes and can use Al ef-
fectively in their medical careers. To do this, it
is important to make sure that students learn
about Al properly. To create an awareness of
Al and newer technologies, there is a demand
for improvement in the current medical cur-
riculum by introducing certain courses during
their medical journey. Moreover, findings from
this survey indicate that students are not only
open to the benefits of Al but are also aware
of the potential challenges and risks associat-
ed with its implementation. This perspective
reflects a balanced understanding of the tech-
nology, acknowledging both its advantages
and the need for caution.
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