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Abstract
Background Learning and developing skills are crucial in science and technology. Recent advancements in 
communication technologies and Artificial Intelligence (AI) have introduced new tools for education, including AI 
chatbots that can interact with humans. Considering the importance of the subject in today’s world and the impact of 
ChatGPT utility in medical education, the present study was conducted.
Methods A search of international databases such as PubMed, Web of Science, Scopus, Science Direct, Web of 
Knowledge, EBSCO, Wiley, ISI, Elsevier, Embase databases, and Google Scholar search engine was conducted based 
on the PRISMA 2020-27-item checklist and keywords related to the objectives of the study. The search covered the 
period from 2019 to February 18, 2024. The total number of articles retrieved from the database search was 668. 
After applying specific, predefined criteria, we selected a final set of five relevant studies from 43 potentially eligible 
articles. All statistical analyses were performed using STATA/MP software version 17, with a significance level of less 
than 0.05.
Results Five studies were selected according to the inclusion criteria. The random effects of response frequency on 
the positive impact of AI on medical education showed that ES = 82%, 95% CI: 51%-100%, p value < 0.001, which 
indicates a response frequency of 82% with a significant p value.
Conclusion To adequately prepare future medical professionals, there is an urgent need to integrate the teaching of 
AI into medical curricula.
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1 Introduction
In the age of information technology, Artificial 
Intelligence (AI) tools are increasingly integral to daily 
life and are transforming education and learning.[1,2] 

Collaborative learning and group interactions are widely 
used as effective, activity-based educational methods to 
improve skills.[3] With the emergence of AI technology 
and the development of systems such as ChatGPT, new 
possibilities for group interactions in the educational 
environment have emerged.[4] In addition, in today’s 
world, where online education is widespread, the need to 
provide opportunities for participation and interaction in 
the educational environment is felt more than ever before.
[5] Using ChatGPT as an intelligent partner and learning 
companion can allow learners to actively participate 
in the learning process and benefit from collaborative 
learning experiences and interaction with each other.[6]

AI is a branch of computer science focused on 
programming computers to perform human-like tasks. 
Its goal is to develop systems that can make human-like 
decisions. AI has subfields including machine learning, 
natural language processing, machine vision, robotics, 
and many others.[7] Each of these subfields focuses on 
specific aspects of AI. AI is the primary tool used in the 
development of chatbots. Machine learning algorithms 
and natural language processing are effective in creating 
AI-powered chats. These algorithms allow chatbots to 
converse with humans and answer various questions 
and requests.[8] Chatbots are software programs that 
can interact with humans using AI and natural language 
processing algorithms. This interaction may take the 
form of text (such as messages) or audio (using voice 
recognition systems).[9] Chatbots are used in various 
applications, including customer support, answering 
common questions, creating phone bots, analyzing data, 
and many other uses.[10] The beneficial applications of 
AI in healthcare have been outlined previously in areas 
such as drug discovery, personalized medicine, and the 
analysis of large datasets, in addition to its potential to 
improve diagnosis and clinical decision-making.[11] The 
capabilities of chatbots are continually improving due to 
advancements in AI. Advanced chatbots can answer more 
complex questions, analyze data, and even recognize 
human emotions in conversations. Chatbots are major 
players in the digital and internet world, serving as quick 
and interactive tools for human interaction, and are used 
in many industries and applications. As the ability of 
these chatbots to interact with humans improves, it is 
expected that their role in daily life and business will 
increase over time.[12]

As the technologies of AI and machine learning have 
achieved significant progress in the field of education 
and learning,[13] the possibility of group interaction 
has improved by using ChatGPT, and innovations in 

collaborative learning methods have been created. Among 
other strengths of using ChatGPT in group interactions, 
it should be noted that it facilitates the sharing of 
resources and knowledge.[14] This technology can serve 
as an interface for exchanging information and resources 
among groups. Additionally, ChatGPT can be utilized 
to offer guidance for group problem-solving and assist 
learners in finding the most effective solutions tailored 
to their group’s needs and everyday tasks. However, 
using ChatGPT in group interactions also comes with 
challenges. For example, the ability to analyze ChatGPT 
content and the ability to understand question-and-
answer texts accurately may have limitations.[15] Also, 
over-reliance on AI technologies like ChatGPT can 
lead to reduced reliance on social skills and human 
interactions.[16] Human-machine interaction has also led 
to new security and ethical challenges. Among these 
challenges, we can mention the preservation of privacy 
in online interactions, ethical differences in the use of 
AI, and the social and psychological effects of these 
technologies. Studying the impact of human-machine 
interaction as a research topic is very important. ChatGPT 
does not meet the requirements to be listed as an author 
in scientific articles unless the ICMJE/COPE guidelines 
are changed or revised, according to a systematic review 
on the promising perspectives and valid concerns. There 
is an immediate need for an initiative that encompasses 
all parties involved in healthcare research, education, and 
practice. This will support the establishment of an ethical 
code that will direct other LLMs working in academia 
and healthcare to use ChatGPT responsibly.[17] Additional 
systematic reviews that focused on the prospects and 
potential drawbacks revealed that ChatGPT has specific 
uses in health education, such as the development of 
potentially useful personalized learning tools and a 
shift in emphasis toward problem-based learning and 
critical thinking. As a result, ChatGPT is ineligible for 
authorship listings until the ICMJE/COPE guidelines 
are updated and changed.[18] ChatGPT has the potential 
to revolutionize medical education, according to a recent 
systematic scoping review, but its full integration will 
need careful thought. The effects of AI on both teachers 
and students should be taken into consideration to fully 
utilize ChatGPT in medical education.[19] Complying 
with the consensus of prior research, this study attempted 
to investigate response frequency regarding the positive 
influence of AI on medical education through a meta-
analysis. Previous studies have taken into account the 
majority of the literature review and have looked at the 
opportunities, challenges, and barriers.
Research in this field helps advance AI technologies, 
machine learning methods, the development of optimal 
user relationships, and the formulation of policies and 
laws related to these interactions.[20] Considering the 
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importance of the subject in today’s world and the impact 
of ChatGPT utility in medical education, the present 
study was conducted.

2 Methods

Search Strategy and Information Sources
To search, international databases such as PubMed, 
Scopus, ISI, Embase, and the Google Scholar search 
engine were utilized based on the PRISMA 2020-27-item 
checklist [21] and keywords related to the study objectives. 
The search was conducted from 2019 to February 18, 
2024, using standardized MeSH keywords. Additionally, 
relevant studies were identified by screening the reference 
lists of selected articles. The search strategy included 
terms and keywords related to the study objectives. 
Our study PICO framework was as follows: Population 
(P): Medical students or medical trainees, Intervention 
(I): Use of ChatGPT, Comparison (C): Traditional 
educational methods or no use of AI-based tools, and 
Outcome (O): Improvement in knowledge acquisition, 
learning efficiency, or academic performance. The search 
was conducted from 2019 to February 18, 2024, using 
standardized MeSH keywords. Additionally, relevant 
studies were identified by screening the reference lists 
of selected articles. The search strategy included terms 
such as “Education, Medical,” “Artificial Intelligence,” 
“Machine Learning,” and “Deep Learning,” as well 
as keywords like ChatGPT, chatbots, digital health, 
healthcare, ethics, learning, e-learning, and higher 
education. First, a list of titles and abstracts of all articles 
retrieved from the reviewed databases was prepared. 
This work was done independently by two researchers. 
Then, articles with duplicate titles were removed. Next, 
the abstracts of the remaining articles were reviewed to 
identify suitable studies for inclusion. All selected studies 
were saved in EndNote X8 software, and the remaining 
steps of the review were conducted using the software.

Study Selection Criteria
The inclusion criteria encompassed studies discussing 
the utility of ChatGPT in medical education, reports on 
AI response frequency in medical education, as well as 
descriptive, cross-sectional, and experimental studies. 
Languages other than English, review papers, conference 
papers, case reports, correspondences, discussions, 
viewpoint papers, editorials, mini-reviews, short 
communication papers, book chapters, and news articles 
were excluded from the study.
 
Selection and Data Collection Process
To minimize reporting bias and data collection errors, 
two researchers independently extracted data using a 
standardized form. This form included items such as 

author name, category, year of publication, and study 
type.
 
Quilty Assessment
For cross-sectional studies, a modified Newcastle-Ottawa 
Scale recommended by the Cochrane Collaboration was 
utilized. A maximum score of 9 points (8 points total) 
could be obtained on this scale by combining the three 
dimensions of selection, comparability, and outcome or 
awareness. Scores were categorized as low (less than 
four), medium (five or six), or high (more than seven).[22]

 
Meta Analysis
The I2 statistic, used to measure inconsistency, was 
applied to analyze the degree of variation across studies 
(heterogeneity). Low levels of heterogeneity were 
defined as I2 = 25 – 49%; moderate levels as I2 = 50 
– 74%, and high levels as I2 = 75 – 100%.[23] A random-
effects model with the Restricted Maximum Likelihood 
(REML) method was used. All statistical analyses were 
performed using STATA/MP software, version 17, 
considering a significance level of less than 0.05.
3 Results

Study Selection
Following a review of article titles, 668 of the original 
search results were eliminated, along with 84 duplicate 
and overlapping articles.  A total of 547 potentially 
relevant article abstracts were examined, and 504 
unrelated articles were excluded. After reviewing the 
full texts of the remaining 43 articles, five appropriate 
studies were ultimately selected for inclusion in the 
meta-analysis (Figure 1).

Study Characteristics
Table 1 summarizes the characteristics of these five 
studies. These five included studies were published 
between 2019 and 2024 and conducted across countries, 

Figure 1 PRISMA 2020 Checklist
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including Germany, Austria, Switzerland, and Turkey. 
Regarding their studied medical students,[24-27] one 
study population focused on healthcare professionals, 
academicians, and medical students.[28] Four studies used 
a cross-sectional method,[24-27] and one used the Delphi 
method.[28] Five studies with 4,455 participants were 
reviewed (Table 1). 

The random-effects response frequency on the positive 
impact of AI on medical education showed that ES  =  
82%, 95% CI: 51%-100%, p   <  0.001, which means 
that the response frequency was 82% with a significant p 
(Figure 2). The heterogeneity test showed Q  =  0.10, p = 
1.00, I2  =  0%, indicating low heterogeneity (0%) among 
the studies. Eighty-two percent of the  4,455 medical 
students reported a positive impact of AI on medical 
education.

 4 Discussion

Using ChatGPT in group interactions among medical 
students can lead to significant improvements in critical 
thinking, problem-solving, social skills, and cooperation. 
This technology can also increase motivation and 

creativity, encouraging active and deeper learning.[29]

The current meta-analysis reveals an 82% positive 
effect of ChatGPT on learning in medical education; 
however, several challenges and issues remain. One of 
these challenges is ChatGPT’s ability to analyze and 
understand academic content. Although ChatGPT is 
capable of answering questions, it may not correctly 

analyze some complex or specialized content and might 
provide ineffective answers.[30]

To improve the use of ChatGPT in group interactions 
and collaborative learning, solutions such as enhancing 
its analytical capabilities can be implemented. 
Enhancing these capabilities can lead to a more accurate 
understanding of questions and more effective responses. 
Additionally, developing algorithms for diagnosing and 
evaluating group interactions, as well as determining 
each participant’s level of engagement, can be helpful. 
Enhancing ChatGPT’s multilingual capabilities can also 
be beneficial in group interactions that involve different 
languages. With the ability to provide answers and 
guidance in various languages, ChatGPT can facilitate 
cross-cultural and cross-linguistic interactions and 
provide an opportunity for collaborative learning and 
knowledge exchange.[31]

Combining ChatGPT with other technologies such as 
digital publications, online learning platforms, and 
group collaboration tools can improve and expand group 
interactions in educational environments. By integrating 
ChatGPT with these technologies, it is possible to 
improve group interactions and facilitate collaborative 
activities. To increase the confidence of medical students 
in ChatGPT and encourage active participation in the 
learning process, it is essential to provide appropriate 
feedback and motivation.[32]
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Study. years Study design Country Statistical popu-
lation

Sample 
size

AI-based chat 
applications

ChatGPT 
utility

Effect of AI on variable/
outcome

Weidener et 
al., 2024 [27]

Cross-sectional Germany, 
Austria, and 
Switzerland

Surveyed medical 
students

487 ChatGPT Web-based 
survey

Students’ perceptions of 
AI, the positive impact of 
AI on medical education

Roos et al., 
2023 [26]

Cross-sectional Germany Medical students 630 ChatGPT Media-relat-
ed questions

Students’ perceptions of 
AI, the positive impact of 
AI on medical education

Civaner et al., 
2022 [24]

Cross-sectional Turkey Medical students 2,981 ChatGPT Online 
survey

Students’ perceptions of 
AI, the positive impact of 
AI on medical education

Çalışkan et 
al., 2022 [28]

Delphi method Turkey Healthcare pro-
fessionals/ acade-
micians; medical 
students

94 ChatGPT Delphi 
survey

Competencies required 
by medical graduates, the 
positive impact of AI on 
medical education

Pinto dos 
Santos et al., 
2019 [25]

Cross-sectional Germany Medical students 263 Artificial 
intelligence

Web-based 
questionnaire

Students’ knowledge and 
attitude towards AI, and 
the positive impact of AI 
on medical education

Table 1 The characteristics of the selected articles according to the purpose of the study

Figure 2 The forest plot illustrates the positive impact of AI on 
medical education
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There are various ways to implement AI in clinical 
practice, and clinicians and health informaticians require 
formal training to adopt the most effective approaches. 
Health informaticians and physician champions who 
design and develop AI-based protocols need to have a 
good understanding of complex algorithms, data quality 
assessment methodologies, probabilistic forecasting, and 
comparative model assessment to work with engineers 
and develop reliable AI applications. Moreover, clinicians 
who use AI applications should become familiar with 
potential challenges. AI-based relational time pattern 
analysis has replaced simple threshold-based diagnostic 
rules. Current medical education and health informatics 
curricula still do not provide sufficient training to 
understand AI communications or the necessary skill 
sets to develop AI systems that can detect and analyze 
relational time patterns. The ability to interpret errors 
in AI algorithms and devise strategies to correct them 
requires specialized training. Therefore, medical and 
health informatics education must emphasize algorithm-
based platforms and include relevant data analytics 
and AI-related topics in their curricula. Furthermore, 
computer science and health informatics programs should 
consist of healthcare–focused digital skills training.[33]

5 Conclusion

The present meta-analysis indicates that ChatGPT 
improves learning in medical training by 82%. Through 
ChatGPT, medical students can engage in interactive and 
cooperative group activities. Human-machine interaction 
plays a crucial role in this direction. In the era of AI and 
information technology, lifelong learning and education 
have emerged as critical competencies for both social 
and professional spheres. However, while they present 
challenges such as security and ethical issues, they also 
facilitate the development of learning opportunities and 
access to new educational content. For this reason, more 
research in this area is needed to provide conclusive 
evidence in this regard. The future of AI for improving 
healthcare is exciting, and we are likely to see more 
use cases. Medical schools should find ways to offer 
machine learning training modules. A forward-thinking 
and straightforward initiative would be to provide 
introductory machine learning courses as part of medical 
education at accredited institutions.
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