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Abstract

Background: Large Language Models (LLM) are AI models that can generate conversational content based on a trained
specified source of information (corpus).

Objective: The aim is to use these corpus-trained LLMs to limit the content offered by LLM, then using prompt engineering to
teach using Socratic methods.

Methods: Two chatbots were created and deployed, powered by OpenAI’s GPT-3.5 model, with a medical-school textbook
corpus. The first chatbot generates a brief summary and open-ended question. The second chatbot generates a case vignette from
its pre-trained clinical cases, prompting users for a diagnosis. Both chatbots reply to the user’s response, commenting on the
accuracy and asks further questions to encourage critical thinking. A randomised controlled trial was conducted on two groups
comprising third year medical students. One group used both chatbots for 10 minutes while the other read the medical textbook.
A 15-question test was administered to both groups before and after the intervention.

Results: Forty students participated in the study. The average of the group before and after reading the textbook (n=20) are 3.9
+/- 1.0 and 7.6 +/- 1.5 respectively (p<0.001). The average of the group before and after using the bot (n=20) are 3.9 +/- 0.9 and
12.8 +/- 1.6 respectively (p<0.001). The respective increase in results was 3.7 and 8.9.

Conclusions: Medical students’ learning showed a better performance using a LLM based chatbot compared to self-reading of
medical information assessed using a standardised test. More studies are required to determine if LLM-based pedagogical
methods are superior to standard education.
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ABSTRACT

Introduction: Large  Language  Models  (LLM)  are  AI  models  that  can  generate

conversational content based on a trained specified source of information (corpus). The aim

is to use these corpus-trained LLMs to limit the content offered by LLM, then using prompt

engineering to teach using Socratic methods.

Methods: Two chatbots were created and deployed, powered by OpenAI’s GPT-3.5 model,

with a medical-school textbook corpus. The first chatbot generates a brief summary and

open-ended question. The second chatbot generates a case vignette from its pre-trained

clinical cases, prompting users for a diagnosis. Both chatbots reply to the user’s response,

commenting on the accuracy and asks further questions to encourage critical thinking. A

randomised controlled trial  was conducted on two groups comprising third year medical

students. One group used both chatbots for 10 minutes while the other read the medical

textbook.  A  15-question  test  was  administered  to  both  groups  before  and  after  the

intervention.

Results: Forty students participated in the study. The average of the group before and after

reading the textbook (n=20)  are 3.9 +/-  1.0  and 7.6 +/-  1.5  respectively  (P<.001).  The

average of the group before and after using the bot (n=20) are 3.9 +/- 0.9 and 12.8 +/- 1.6

respectively  (P<.001).  The  respective  increase  in  results  was  3.7  and  8.9.

Conclusion: Medical students’ learning showed a better performance using a LLM based

chatbot compared to self-reading of medical  information assessed using a standardised

test.  More  studies  are  required  to  determine  if  LLM-based  pedagogical  methods  are

superior to standard education.
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BACKGROUND

Artificial intelligence (AI) was created with the aim of emulating the problem-solving

and decision-making capabilities of human intelligence through the use of technology. The

birth of the AI conversation in 1950 by pioneer Alan Turing sparked much debate, yet the

release of OpenAI’s ChatGPT in 2022 made the applications of Generative AI undeniably

ubiquitous.  Across the  world,  consumers  and companies  alike  have begun using  AI  to

automate menial tasks, as well as innovate creative content. Similarly, AI has been explored

in almost every field of medicine.[1] For instance, AI is aiding ophthalmologists in the early

diagnosis  and  treatment  of  conditions  such  as  diabetic  retinopathy  with  separate

innovations of the Topcon NW400 fundus camera and trained Convoluted Neural Networks

from databases of retinal images.[2, 3] Among these notable advancements in AI, Large

Language Models (LLMs) stand out for its ability to recognise and generate text.

Large  Language  Models  (LLMs)  are  the  algorithmic  basis  for  chatbots  such  as

OpenAI’s  ChatGPT and  its  more  recent  model,  GPT-4.  LLMs  are  large  pre-trained  AI

models that can be easily repurposed across a wide range of domains. Fundamentally,

LLMs leverage deep neural networks, which are complex structures with layers of statistical

correlation, that enable complex information abstraction.[4] The capacity of these interactive

models to extract knowledge embedded in medical corpora at scale holds considerable

promise.[5]

LLMs can play a pivotal role in medical education, particularly in the generation of

virtual simulated patients or quizzes for medical students.[6] During the curriculum, these

use cases can be a useful way for students to learn the fundamentals on medicine while

enhancing their learning of basic Entrustable Professional Activities.[7] 

Critical thinking is an essential competency in the medical curriculum, required for

managing medical ambiguity to treat illnesses. The concept of critical thinking is thought to
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JMIR Preprints Yong et al

have  originated  from  the  teachings  of  classic  Athenian  philosopher  Socrates.  Socratic

questioning  refers  to  the  process  of  asking  a  series  of  specific,  targeted  inquiries  of

increasing depth and difficulty to allow students to understand the limits of their knowledge.

Socratic  questioning  has  been  shown  to  be  effective  in  developing  critical  thinking  in

healthcare students.[8]

We conducted a randomised controlled trial (RCT) on third year medical students at

the start of their General Surgery rotation in the Yong Loo Lin School of Medicine. The

primary objective of the study is to investigate how combining LLMs with Socratic methods

can be an innovative avenue to enhance medical education. We hypothesize that the use of

LLMs guided by Socratic  questioning techniques can produce better  learning outcomes

compared to conventional self-study approaches.

METHODS

Creation and Deployment

Two Telegram chatbots were created for the purpose of this study. Telegram is a

free, cross-platform, cloud-based messaging app.[9] It is used as the unofficial channel for

dissemination  of  information  and  communication  for  the  batch  of  third  year  medical

students.  Both  chatbots  were  created  and  deployed  on  Amazon  Web Services  (AWS)

Lambda. The LLMs were powered by OpenAI’s GPT-3.5 model. The reference corpus was

limited to  a school-approved textbook.  Few-shot  learning was performed with reference

clinical cases. Few-shot learning refers to a set of machine learning methods that learn how

to complete tasks with a small number of labelled training examples.[10] The function of the

chatbots  are  to  generate  questions  to  test  the  users  knowledge,  which  was  achieved

through prompt engineering.

https://preprints.jmir.org/preprint/57995 [unpublished, non-peer-reviewed preprint]
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The first chatbot was programmed using prompt engineering to respond to a topic

given by the user, however generic or specific, through generating a brief summary of the

topic and ending with an open-ended question. The user will then respond to the question.

The  chatbot  replies  to  the  user’s  response,  commenting  on  the  accuracy,  providing

explanations, and asks further questions to encourage critical thinking. Sample interactions

of the user and the first chatbot are shown in Table 1.

The second chatbot was programmed using prompt engineering to generate a case

vignette from its pre-trained clinical cases in response to a topic given by the user. In the

same message, it will also ask the user for a diagnosis. Following the user’s response, the

bot will  comment on the accuracy and provide explanations. It will  then continue to ask

further  open-ended  questions  similar  to  the  first  chatbot  to  encourage  critical  thinking.

Sample interactions of the user and the second chatbot are shown in Table 2.

Sampling and Recruitment

The randomised controlled trial (RCT) was conducted over a 2-week period at the

Yong Loo Lin School of Medicine, National University of Singapore. The inclusion criteria

was actively enrolled third year medical students during the first 2 weeks of their General

Surgery rotation. Participants were excluded if did not meet the above requirements, or had

prior exposure to General Surgery content.

The medical students were invited to participate in the study via a telegram message

sent to the class chat group. Each participant was then randomly allocated into the control

or experimental group to ensure equitable distribution. Prior to beginning the trial, informed

consent was obtained from every participant.

Assessment

https://preprints.jmir.org/preprint/57995 [unpublished, non-peer-reviewed preprint]
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Before each intervention, a 15-question test conprising 14 Multiple Choice Questions

(MCQs) and one case vignette diagnosis question was administered to both groups, and

scored according to their responses. Each question carries a weight of 1. The test was

designed  to  establish  a  baseline  knowledge  level  of  all  participants.  The  scores  of

participants were recorded. The correct answers were not divulged to the students.

Subsequently,  Group 1 (Control)  was asked to  read the softcopy of  the medical

textbook  that  is  similar  to  that  used  to  train  the  chatbot  for  10  minutes.  Group  2

(Experimental) was asked to use both chatbots for 10 minutes, actively responding to the

prompts.

Following the interventions, both groups were administered the same 15 question

test. Scores were recorded without divulging the answers, allowing for a comparison on

knowledge acquisition over the 10 minutes. 

Analysis

A paired t-test was performed to check for statistical significance of the changes in

test scores after each intervention. A threshold of  P<.05 was established to consider the

change statistically significant.

The study’s statistical power and requisite sample size was calculated using a study

power calculator.  Parameters were as follows:  Power = 80%, alpha = 0.05,  anticipated

means for Groups 1 and 2 respectively = 7 +/- 2 and 10, enrollment ratio = 1. The result

was a requisite enrollment of 7 for each group.

RESULTS

A total of forty students participated in the study, with twenty students each in the

control and experimental groups. 

https://preprints.jmir.org/preprint/57995 [unpublished, non-peer-reviewed preprint]
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The average scores for the control group (n=20) before reading the textbook was 3.9

+/- 1.0 with range of 2 to 6. Their average scores after reading the textbook for 10 minutes

was 7.6 +/- 1.5 with range of 5 to 11.

The average scores for the experimental group (n=20) before using the bot was 3.9

+/- 0.9 with range of 2 to 5. Their average scores after reading the textbook for 10 minutes

was 12.8 +/- 1.6 with range of 9 to 15.

The  respective  increase  in  results  for  the  control  and  experimental  group

respectively was 3.7 and 8.9.

Statistical Analysis

A paired t-test was used to compare statistical significance. Comparing the increase

in scores for both groups before and after each intervention, the p scores were <0.001 for

both.

Feedback

Feedback on the chatbots was gathered from some participants in the experimental

group  after  using  the  chatbots.  The  responses  can  be  categorised  into  the  following

themes: 

Potential for Use

Participants expressed that the chatbot was an innovative solution that encourages

critical thinking.

“I think it is very good at prompting you to think by asking you questions. It also provides

good answers to my questions.”

Some expressed that the chatbots held great promise.

https://preprints.jmir.org/preprint/57995 [unpublished, non-peer-reviewed preprint]
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“This has a lot of potential. Very exciting.”

Areas for Improvement

Some  participants  expressed  that  after  rigorous  use,  the  questions  became

repetitive.

“Sometimes the question it asked is a bit repetitive. For example, it asked me the pros and

cons of laparoscopic appendectomy 3 times.”

Occasionally,  the  bot  will  not  ask  a  question  following  the  explanation.  Further

prompting by the user by asking “Ask me another question” often resolves this issue.

DISCUSSION

Principal Findings

AI chatbots are widely used in a variety of industries, with increasing prominence in

the  healthcare  industry.[11] However  their  use  in  medical  education  has  been  largely

unexplored. This quantitative study explored the utility of socratic questioning LLM chatbots

in medical education. Compared to the group using just textbooks, our study demonstrated

improved test results in the group that used the LLM chatbot to learn new content.

The  findings  of  this  study  have  important  implications.  First  and  foremost,  they

underscore the advantages of LLM chatbots in medical education. The rapid advancements

in  the  health-tech  industry  necessitates  the  incorporation  of  technology  into  medical

education. Education technology should be embraced for the ways it can contribute to and

support learning, as well as the acquisition and maintenance of clinical expertise.[12] Our

findings support  this view and suggests that the novel  use of  LLM chatbots in medical

education are beneficial to learning. It remains to be seen if LLM will be able to effectively
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teach  the  higher  aspirant  rungs  in  Miller’s  pyramid,  such  as  clinical  reasoning  and

diagnostic  acumen.[13] Traditionally,  medical  schools  have  had  to  direct  significant

resource and healthcare utilisation, in order to recreate the settings for students in their

clinical years to learn clinical reasoning. Another criticism of the traditional model is that it

was challenging to recreate homogenous clinical experiences for all students. If successful,

this will create a large value proposition for the incorporation of LLM into medical school

curriculum.

Beyond  just  the  academic  supplementation  that  LLM  chatbots  can  provide,  the

integration  of  LLMs  in  the  curriculum will  make  undergraduate  medical  students  more

receptive to  the use of  technology in  their  future careers as medical  practitioners.  The

current perceived awareness and engagement of AI among doctors is low across various

healthcare systems such as the NHS in the United Kingdom, among Syrian doctors and

medical students, and fellow ASEAN nation Vietnam.[14-16] By introducing LLM early in the

undergraduate medical curriculum, this may result in a shift in increased perception of the

utility of AI in healthcare by future healthcare practitioners. This is essential to ensure that

the next generation of physicians is prepared to embrace technology to aid diagnostic and

treatment decisions.[17]

Limitations

Several limitations should be considered when interpreting the results of this study.

Firstly, the study was conducted only on Year 3 students undertaking their GS rotation at

one medical school, which may limit the generalisability of the findings to other populations

or  topics  in  medical  school  curricula.  Similarly,  the  study was conducted on a medical

school in Singapore, a city-state with a high smartphone penetration rate. This may limit the

generalisability  of  the  findings  to  regions  with  lower  smartphone  penetration  rates.
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Secondly, the study was designed to test only knowledge acquisition, other aspects such as

long  term  knowledge  retention  or  clinical  application  were  not  assessed.  Thirdly,  the

sampling framework used was a convenience sample, a non-probability sampling method,

which meant that participants were selected because of their availability. This implies a risk

that individuals selected were not equitably targeted.[18] 

Implications

The conclusions which were drawn from this study highlighted areas which require

further  research  to  confirm  its  findings.  Firstly,  more  randomised  controlled  trials  are

warranted, by expanding the scope of future questionnaires to include more topics, and

obtaining  a  larger  sample  size.  Secondly,  conducting  a  Focus  Group  Discussion  with

students, as well as stakeholders of the medical education community and LLM experts, will

provide valuable insight into refining the model. 

CONCLUSION

Two LLM chatbots incorporated with socratic questioning techniques were developed

and trained using prompt engineering. A standardised test was administered to the students

using  the  chatbots,  and  to  those  who  used  a  textbook  instead.  This  showed  a  better

performance among students who used the LLM chatbots compared to those who only read

the  textbook.  Future  research  should  continue  to  explore  if  LLM-based  pedagogical

methods are superior to standard education.
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