
INTRODUCTION 

R eview question / Objective We included 
RCT studies in the analysis to determine 
whether medical students who learn with 

generative artificial intelligence demonstrate an 
improvement in their theoretical knowledge or 
clinical skills scores compared to traditional 
learning methods. 

Condition being studied The swift advancement 
of artificial intelligence (AI) technology in recent 
years has affected a variety of sectors, including 
medical education and healthcare. Generative 
artificial intelligence (GAI) is a deep learning-based 
AI that uses algorithms trained on large datasets to 
produce new content in a variety of formats (text, 
audio, video, etc.).

GAI demonstrates significant potential in the field 
of education. For example, learning can be more 
targeted and efficient by tailoring study plans to 

the unique needs of each student. And also, GAI 
offers immediate, constructive feedback and 
a s s e s s m e n t s a n d e n h a n c e s s t u d e n t s ' 
communication and practical skills through 
simulated dialogues.

Teacher-led lectures or online learning platforms 
are the mainstays of traditional teaching methods 
in modern medical education. Although these 
methods encourage the acquisition of knowledge, 
students frequently fall short in generating 
motivation for self-directed learning and facilitating 
opportunities for repeated practice. GAI might 
present a novel paradigm for inventive and 
adaptable teaching. However, issues with 
plagiarism, reliance, and the veracity of the content 
generated on GAI have been concerned as well.

There are currently no high-caliber meta-analyses 
to support assertions that GAI performs better than 
traditional teaching methods. Thus, this study aims 
to compare the effectiveness of GAI-based 
teaching and traditional teaching methods in 
medical education. 
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METHODS 

Search strategy  
PubMed：

("Artificial Intelligence"[Mesh] OR "Artificial 
Intelligence"[Title/Abstract] OR "Generative 
Ar t ific ia l In te l l igence" [T i t le /Abst ract ] OR 
"Generative AI"[Title/Abstract] OR "Artificial 
Intelligence Chatbot"[Title/Abstract] OR "AI 
Chatbot"[Title/Abstract] OR "Large Language 
Model"[Title/Abstract] OR "Generative Language 
Model"[Title/Abstract] OR "ChatGPT"[Title/
Abstract]) AND ("Education, Medical"[Mesh] OR 
"Med ica l Educa t ion" [T i t l e /Abs t rac t ] OR 
"Teach ing" [T i t le /Abst ract ] OR "Teach ing 
M e t h o d * " [ T i t l e / A b s t r a c t ] O R " M e d i c a l 
Learning"[Title/Abstract]) AND ("randomized 
controlled trial"[Publication Type] OR "random*"[All 
Fields] OR "controll*"[All Fields] OR "trial"[All 
Fields]) AND (y_10[Filter])

Embase：

( 'generative artificial intel l igence'/exp OR 
'generative artificial intelligence' OR 'generative ai'/
exp OR 'generative ai' OR 'artificial intelligence 
chatbot'/exp OR 'artificial intelligence chatbot' OR 
'ai chatbot'/exp OR 'ai chatbot' OR 'large language 
model'/exp OR 'large language model' OR 
'generative language model' OR 'chatgpt'/exp OR 
'chatgpt') AND ('medical education'/exp OR 
'medical education' OR 'teaching'/exp OR 
'teaching' OR 'teaching method*' OR 'learning'/
exp OR 'learning') AND ('randomized controlled 
trial'/exp OR 'randomized controlled trial' OR 
'random*':ab,ti OR 'controll*':ab,ti OR 'trial':ab,ti) 
AND [2014-2024]/py

Cochrane Library:

#1 MeSH descriptor: [Artificial Intelligence] explode 
all trees

#2 ("Generative Artificial Intell igence" OR 
"Generative AI" OR "Artificial Intelligence Chatbot" 
OR "AI Chatbot" OR "Large Language Model" OR 
" G e n e r a t i v e L a n g u a g e M o d e l " O R 
"ChatGPT"):ti,ab,kw

#3 MeSH descriptor: [Education, Medical] explode 
all trees

#4 ("Education" OR "Teaching" OR "Teaching 
Method" OR "Medical Learning"):ti,ab,kw

#5 (#1 OR #2) AND (#3 OR #4) with Publication 
Year from 2014 to 2024, in Trials.

Participant or population Medical students. 

Intervention Learn with generative artificial 
intelligence tools. 

Comparator Learn with traditional teaching 
methods, including traditional lectures, textbooks, 
online searches, and other non-AI methods. 

Study designs to be included Randomized 
Controlled Trials. 

Eligibility criteria Inclusion Criteria: RCTs 
comparing GAI and traditional teaching methods in 
medical education.

Exclusion Criteria: non-RCT articles, non-GAI 
studies, studies unrelated to medical students, and 
articles for which the full text is unavailable. 

Information sources Search electronic databases, 
including PubMed, EMBASE, and Cochrane 
Library, and search the references of the included 
articles.


Main outcome(s) The primary outcomes include 
scores in theoretical knowledge or practical skills 
after learning with GAI. 

Additional outcome(s) The secondary outcomes 
include students' perceptions of GAI, self-learning 
interest, learning status, and so on. 

Quality assessment / Risk of bias analysis The 
quality of each outcome was rated using the 
GRADE group, categorized as very low, low, 
moderate, or high quality.

Each RCT was evaluated for risk of bias using the 
Cochrane collaboration risk of bias tool, classifying 
studies as high, low, or unclear risk. 

Strategy of data synthesis Meta-analyses were 
conducted using Review Manager (RevMan for 
Windows, Version 5.4). Risk ratios (RR) with 95% 
confidence intervals (CI) were calculated for 
dichotomous variables. Standardized mean 
differences (SMD) with 95% CI were calculated for 
continuous variables. Variance was assessed using 
the chi-square test. A p-value < 0.05 was 
considered statistically significant.


Subgroup analysis Subgroup analysis was 
planned to explore potential differences in primary 
outcomes based on the duration of education and 
types of GAI-based teaching. Furthermore, both 
short- and long-term knowledge and skill retention 
were investigated. 

Sensitivity analysis Perform sensitivity analysis 
th rough d ifferent subgroups and mode l 
construction. 

Country(ies) involved China. 

Keywords generative artificial intelligence; 
education; medical students. 
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