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R E V I E W

Rapid advances in technology have revolutionized medical education, changing the way 
healthcare professionals share, access, and assimilate information.1 This change is par-
ticularly evident in radiology, which relies heavily on advanced imaging techniques and 

visual data.2 Continuous technological advancement has led to a significant change in ap-
proach, altering traditional teaching methods and introducing new resources that are trans-
forming the educational environment.3

Electronic learning (e-learning) resources, including digital case studies and educational 
videos, are now essential sources of information.4-6 Radiology, as a primarily visual discipline, 
has benefited significantly from these multimedia resources.7 E-learning platforms, with their 
ability to present complex details through high-quality images, animations, and videos, pro-
vide radiologists with a powerful and thorough learning experience.4,8 These digital resources 
also promote self-directed learning, giving professionals the flexibility to manage their edu-
cational journey based on their personal and professional commitments.9 This independence 
promotes improved comprehension and retention, establishing e-learning as a fundamental 
aspect of modern radiology education. Table 1 summarizes common radiology e-learning re-
sources and their characteristics.

The incorporation of artificial intelligence (AI)-powered tools, such as Chat Generative Pre-
trained Transformer (ChatGPT), has introduced a dynamic, stimulating, and customized meth-
od of radiology education. OpenAI’s ChatGPT is an ideal example of how chatbot technology 
can create tailored and effortless learning journeys.10 Unlike standardized learning resourc-
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rials for broader accessibility, summarize vast amounts of information, and provide real-time feed-
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of AI with traditional e-learning can create a holistic educational experience. 

KEYWORDS
Artificial intelligence, ChatGPT, digital case studies, educational videos, radiology education

Educating the next generation of radiologists: a comparative report of 
ChatGPT and e-learning resources

Diagn Interv Radiol 2024; DOI: 10.4274/dir.2023.232496

https://orcid.org/0000-0002-4429-6996
https://orcid.org/0000-0003-4459-4114
https://orcid.org/0000-0002-5001-3649
https://orcid.org/0000-0002-5420-8507
https://orcid.org/0000-0002-0500-6335


 

164 • May 2024 • Diagnostic and Interventional Radiology Meşe et al.

es, these chatbots adapt to individual users, 
providing responses and guidance in real 
time, mimicking the experience of a person-
al tutor.11 This provides learners with an un-
precedented combination of immediacy and 
personalization, breaking down complex 
radiological ideas into manageable chunks 
of information and encouraging active par-
ticipation. In the current literature, there is a 
noticeable gap in comparing AI tools, such as 
ChatGPT, directly with traditional e-learning 
platforms for radiology education. The lack 
of a direct comparison is significant because 
it misses an opportunity to evaluate their re-
spective educational impacts, potential syn-
ergies, and the ways they could be tailored to 
improve radiologists’ learning experiences. 
The existing focus on separate evaluations of 
e-learning platforms and AI tools without a 
comprehensive comparison within radiology 
education indicates a critical void in the lit-
erature, which may lead to biases in under-
standing the full potential and shortcomings 
of each educational technology in this spe-
cialized field.8,12-14 The purpose of this review 
is to analyze the ChatGPT tool and compare 
it with e-learning resources for medical ed-
ucation, with a specific focus on radiology. 
Through an exhaustive review of empirical 
studies, surveys, and expert opinions, this 
paper elucidates the relative strengths and 
weaknesses of these tools in areas such as 
personalization, interactivity, visual learning, 

complex concept presentation, accessibility, 
user experience, learning curves, and cost-ef-
fectiveness. This analysis is particularly rele-
vant, as the global shift to distance learning, 
accelerated by the coronavirus disease-2019 
(COVID-19) outbreak, requires a reassess-
ment of educational tools.

Methodology

A comprehensive search was undertak-
en in traditional medical databases to dis-
cern relevant articles focusing on the use of 
e-learning platforms and ChatGPT in radiol-
ogy education (Figure 1). The databases in-
spected include PubMed, Scopus, and Web 
of Science. Additionally, preprint servers, 
such as arXiv, bioRxiv, and medRxiv, were ex-
plored to capture the most recent and evolv-
ing literature on the subject. The search, con-
ducted between January 2023 and October 
2023, utilized keywords such as “e-learning in 
radiology,” “ChatGPT in radiology,” “ChatGPT 
in education,” “AI-tools in radiology,” and 
“AI-tools in education.” The inclusion criteria 
were articles and preprints that investigated 
the deployment of e-learning platforms in ra-
diology education, highlighting their advan-
tages, disadvantages, and inherent features, 
as well as those that examined the applica-
tion of ChatGPT in radiology teaching, em-
phasizing its potential, merits, and demerits. 

The exclusion criteria encompassed articles 
that did not address e-learning platforms or 
ChatGPT in the context of radiology educa-
tion and those that were duplicates of pre-
viously recognized articles. Each study was 
independently evaluated by two reviewers in 
terms of the inclusion and exclusion criteria, 
with any discrepancies resolved through dis-
cussion or with a third reviewer if necessary. 
Throughout the review procedure, the au-
thors collaborated intensively. They teamed 
up for numerous tasks, including article se-
lection, quality assessment, and the consoli-
dation of findings. This cooperative method-
ology enables a thorough examination of the 
articles and ensures that the final review en-
capsulates a mutual agreement among the 
researchers. The data were synthesized from 
the selected articles using narrative meth-
ods by organizing them to identify common 
themes and divergent views on the use of 
e-learning platforms and ChatGPT in radiolo-
gy education. These were presented descrip-
tively and structured around the advantages, 
disadvantages, and educational outcomes 
reported by the studies.

E-learning resources in radiology educa-
tion

The introduction of the internet has had 
a profound impact on various industries, 

Main points

• Chat Generative Pre-Trained Transformer 
(ChatGPT) utilizes machine learning algo-
rithms to provide a distinctive form of edu-
cational engagement. This allows for imme-
diate and personalized feedback based on 
individual learner needs. Electronic learning 
(e-learning) platforms, despite their inter-
activity, may not offer the same level of re-
al-time personalization.

• E-learning tools hold an advantage in 
teaching visually complex concepts. These 
tools may require fees and may not be as 
up-to-date. However, costs associated with 
these tools can potentially be reduced with 
ChatGPT, providing an accessible artificial 
intelligence (AI)-driven learning experience. 

• Utilizing ChatGPT in radiology educa-
tion presents challenges, such as data 
dependency and potential biases. To en-
sure precise and unbiased instruction, it 
is imperative to integrate ChatGPT with 
expert-curated resources, peer-reviewed 
content, and practical case studies. Collab-
oration between AI developers and medical 
specialists is essential to uphold the integri-
ty, accuracy, and ethical standards of infor-
mation dissemination.

Table 1. Websites related to radiology education, including video resources name 
description

Radiopaedia
(https://radiopaedia.org/)

A collaborative radiology resource offering a vast 
collection of educational articles, cases, and quizzes

AuntMinnie
(https://www.auntminnie.com/)

A comprehensive radiology website featuring news, 
case studies, webinars, and forums for radiology 
professionals

Radiology Assistant
(https://radiologyassistant.nl/)

An educational resource for radiology residents, 
featuring illustrated articles, case studies, and 
quizzes

LearningRadiology
(http://www.learningradiology.com/)

Provides radiology lectures, podcasts, and case 
studies for medical students, residents, and 
technologists

MedCram - Radiology
(https://www.youtube.com/@Medcram)

Offers a collection of video lectures and courses 
on radiology topics, aimed at medical students, 
residents, and healthcare professionals

RadiologyEducation.com
(https://radiologyeducation.com/)

A digital library of radiology resources, including 
textbooks, journals, and teaching files

Radiology Video Lectures
(https://www.youtube.com/@
RadiologyVideo)

A YouTube channel with video lectures on various 
radiology topics, aimed at medical students and 
radiology residents

Radiology Channel
(https://www.youtube.com/@
RadiologyChannel)

A YouTube channel that offers a series of video 
lectures, case studies, and tutorials related to 
radiology

Imaios
(https://www.imaios.com/en)

A platform that provides e-learning courses in 
radiology and other medical disciplines

FreitasRad
(https://www.freitasrad.net/)

A radiology education website that offers various 
learning resources, including articles, webinars, and 
case studies
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including medical education. Radiology ed-
ucation, in particular, has undergone signif-
icant transformation due to digital advance-
ments at all levels of medical training.15 This 
transformation goes beyond a mere change 
in format and addresses critical limitations 
inherent in traditional teaching methods. 
For example, e-learning resources overcome 
geographical and time limitations, present-
ing a broader range of case studies for exam-
ination.16

Traditionally, the teaching file has been 
the foundation of radiology education, con-
taining a carefully curated set of cases that 
emphasize important diagnostic features. 
The emergence of the internet has elevated 
this concept by introducing online databases 
of expert-reviewed radiological images that 
function as lively, globally accessible learn-
ing resources.16 Researchers such as Kahn16 
have advanced the digital transition by cre-
ating internet-based collections of meticu-
lously reviewed radiological images. These 
resources possess dual functionality, acting 
as educational instruments and tools for clin-
ical decision-making. Detailed indexing, such 
as MeSH codes and patient information, al-
lows for more precise searches compared 
with traditional systems, thus broadening 
educational access.16-18

Different e-learning platforms provide 
diverse experiences (Table 1). Some learning 
platforms in radiology are “educator-centric,” 
using structured curricula that are especial-
ly advantageous in subspecialties, such as 
neuroradiology and pediatric radiology.19 

By contrast, other platforms adopt a more 
decentralized approach, supporting peer-
to-peer learning but requiring strict quality 
control to prevent unreliable content.20,21 
The choice of a particular platform often 
depends on the learner’s objectives and the 
specific learning context. In an intervention 
study by Salajegheh et al.22, the research 
findings highlight the significant potential of 
e-learning to strengthen the improvement 
of X-ray interpretation skills among medical 
students. This study underscores the crucial 
importance of well-designed, interactive 
e-learning materials. Regardless of the cho-
sen system, maintaining ongoing quality as-
surance and content curation is imperative 
due to the critical nature of radiological diag-
nosis and treatment.19

Considerations of accessibility and 
cost-effectiveness are essential in the se-
lection and usage of e-learning resources. 
Despite the exceptional benefits of these 
digital platforms in content and flexibility, 
the need for high bandwidth and some-
times specialized hardware can restrict their 

use, particularly in low-resource settings.23  

Hussein23 investigated these factors by ana-
lyzing three variables: acceptance, accessibil-
ity, and savings. The research discovered that 
acceptance was the most important aspect 
determining the efficacy of e-learning, with 
accessibility and cost savings having a less 
significant impact.

Progressive technologies have the poten-
tial to enhance radiology e-learning experi-
ences. Interactive functions, such as keypads 
and wireless interfaces, are frequently includ-
ed, augmenting the learning experience.20,21 

Simulators provide immersive environments 
for practicing interventional techniques and 
comprehending hospital-based systems, 
such as Picture Archiving. Overdyk and  
McEvoy24 evaluated the potential of hand-
held computers to enhance workflow effi-
ciency, and the results indicated that the sys-
tem has potential for educational purposes.22

The ethical challenges of online platforms 
in education include issues of privacy, sur-
veillance, autonomy, bias, and discrimina-
tion.25 In education, there are concerns about 
data breaches by tech companies and users 
inadvertently sharing excessive personal 
metadata.25 There is a moral dilemma when 
students and parents are compelled to use 
online platforms or AI systems despite these 
privacy concerns in schools.25 The surveil-
lance capacity of these platforms threatens 
students’ participation and sense of security, 
whereas predictive algorithms can under-
mine individual autonomy, possibly perpet-
uating societal biases.25

ChatGPT in radiology education 

The rising role of ChatGPT in radiology ed-
ucation

ChatGPT, an AI-based language model 
developed by OpenAI, is becoming an in-
creasingly valuable resource in radiology 
education.26,27 Designed to understand and 
process natural language, ChatGPT can an-
swer questions, provide explanations, and 
even suggest courses of action across a wide 
range of topics. Its conversational abilities, 
similar to those of a human, and its contex-
tually relevant responses make it an effective 
tool for radiology residents and profession-
als.27,28 ChatGPT is an advanced language 
model that uses deep learning techniques 
to produce human-like responses to natu-
ral language inputs. Built on the generative 
pre-trained transformer architecture, these 
models harness the power of deep learn-
ing to generate human-like text based on  

Figure 1. Selection process of articles used in this study. Adopted from the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses.
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patterns identified from vast amounts 
of textual data. A significant strength of 
ChatGPT is its expertise in natural language 
processing (NLP), enabling it to understand 
and produce coherent text. This proficien-
cy, derived from comprehensive training on 
diverse datasets, allows it to simulate dia-
logue-like interactions pertinent to radiolo-
gy or other subjects.29

NLP is the technology behind how com-
puters understand and respond to human 
language, designed to bridge the gap be-
tween human communication and com-
puter understanding. It uses a variety of 
techniques to interpret human language: to-
kenization, which breaks up a sentence into 
individual words or phrases called “tokens;” 
parsing, akin to diagramming a sentence, 
establishes the structure and word relation-
ships within a sentence; sentiment analy-
sis, which determines the emotional tone 
behind words; named entity recognition, 
involving identifying and classifying names 
of people, organizations, and locations into 
predefined categories; part-of-speech tag-
ging, which assigns grammatical categories 
to each word, such as nouns, verbs, and ad-
jectives; and machine translation, entailing 
text translation from one language to an-
other, a complex task that requires under-
standing the grammar and context in both 
languages.30

Language modeling and generation un-
derpin ChatGPT’s text creation capabilities. 
The model is trained to predict the next 

word in a sequence, enabling the crafting of 
coherent sentences and paragraphs. When 
processing a prompt, ChatGPT first breaks 
down the input text into tokens. It then 
uses these tokens to grasp the context and 
meaning. To generate a response, ChatGPT 
predicts the next token in the sequence, 
based on the previous ones, and continues 
this prediction process until a complete an-
swer is formed. Attention mechanisms are 
employed throughout, allowing the model 
to focus on different parts of the input as 
needed, which is essential for understanding 
context and generating pertinent responses. 
By integrating these NLP techniques, models 
such as ChatGPT can perform a variety of lan-
guage understanding and production tasks, 
from conversational interactions to language 
translation and beyond.30

The use of AI and AI chatbots alongside 
traditional teaching methods has shown 
significant potential and has garnered sub-
stantial attention in research.27,28,31 One of the 
primary advantages that ChatGPT brings is 
in the creation of learning assessments.27,32 
ChatGPT has demonstrated capability in 
generating exercises, quizzes, and scenarios 
that can be employed in a classroom setting 
to aid in resident practice and assessment 
(Figure 2). ChatGPT can streamline the de-
sign of learning assessments, potentially 
improving question quality. Zhai33 suggests 
that educators can utilize ChatGPT to devise 
assessment items, enhancing the quality by 
adhering to standardized frameworks. How-

ever, it is important to note that although 
AI can suggest assessment tasks, these sug-
gestions may not always encapsulate all the 
targeted learning objectives.34 Hence, while 
Han et al.35 utilized ChatGPT to draft a multi-
ple-choice question for a medical topic, they 
also highlighted the importance of refining 
such AI-generated questions to better fit 
specific course requirements.36

Another advantage of pedagogical 
practices is the potential for educators 
to integrate innovative strategies, such 
as the flipped classroom approach, using 
ChatGPT.37 ChatGPT’s vast array of features 
has been highlighted by experts who em-
phasized its capabilities in generating com-
prehensive lesson plans and presentations 
(Figure 3).37 Moreover, ChatGPT’s potential as 
a virtual personal tutor is undeniable. Unlike 
traditional tutoring methods constrained by 
time and location, ChatGPT offers round-the-
clock support.27 Furthermore, AI tools pro-
vide feedback and tailored answers specific 
to students’ academic queries.28,35,38

The ability to distill vast amounts of infor-
mation is crucial for learners, and ChatGPT 
excels at this. It can process and summa-
rize information efficiently, presenting it in 
an understandable manner, which can be 
particularly valuable for revision or to get 
a grasp on new topics (Figure 4).39 Collab-
orative learning experiences are enriched 
through scenarios and structured discus-
sions. ChatGPT has been successfully used 
to create dialogues for educational purposes 
(Figure 5). Specifically, when tasked with cre-
ating dialogues to be imported into Google 
Dialogflow, a popular platform for creating 
chatbots, ChatGPT succeeded in the task.35 

ChatGPT can generate varied scenarios for 
group activities, thereby aiding residents 
in their collaborative efforts. It can also lay 
down discussion structures and provide re-
al-time feedback, thereby enhancing group 
discussions and debates.40 This collaborative 
angle is emphasized further by Gilson et al.41, 
who noted that the discourse in small-group 
problem-solving is particularly beneficial for 
student learning.

The advantages of tools such as ChatGPT 
have been highlighted for enhancing stu-
dent outcomes and promoting critical think-
ing. In a 2023 study, Sánchez et al.42 noted 
that ChatGPT promotes the development of 
critical thinking, particularly in a theoretical 
context. By promptly and accurately answer-
ing specific inquiries, ChatGPT provides stu-
dents with relevant and timely information, 
enhancing their exploration and under-
standing of various subjects.

Figure 2. ChatGPT learning assessment creation. ChatGPT, Chat Generative Pre-Trained Transformer.
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ChatGPT is particularly useful in preparing 
learners for high-stakes assessments, such 
as radiology board exams. By simulating di-
verse exam scenarios, including interactive 
question and answer sessions, ChatGPT aids 
in comprehensive exam preparation, allow-
ing students to effectively enhance their 
knowledge and critical thinking skills.43,44 AI 
can also be used for essay grading, though 
its effectiveness is still debated.45 In addition, 

ChatGPT can be useful for translating edu-
cational materials into various languages, 
enhancing the accessibility of resources for 
a global student body (Figure 6).35 Machine 
translation is not new, but AI models such as 
GPT-4 have continued to advance the field.45

A study by Ausat et al.26 on the use of 
ChatGPT in learning emphasized that tech-
nology serves only as a tool and cannot ful-
ly replace the role of a teacher. The authors 
stress the importance of integrating technol-
ogy appropriately and effectively and devel-
oping competence among teachers in man-
aging learning with technology. 

Tlili et al.46 conducted a case study on 
ChatGPT’s role in education. They stressed 
the importance of accurate content, not-
ing inconsistencies in answers given to 
the same questions by different users. The 
team expressed concerns about the quality 
of assessments generated by ChatGPT and 
emphasized the need for clearer guidelines. 
While recognizing ChatGPT’s potential, they 
highlighted its shortcomings, such as a lack 
of emotional depth and trustworthiness in 
responses. They underscored the need for 
careful inclusion of ChatGPT in educational 
contexts.46

The role of ChatGPT in radiology and aca-
demic applications

ChatGPT’s utilization of NLP capacities 
assists radiologists in the analysis of medical 
images, presenting a significant advance-
ment in radiology. When provided with infor-
mation from an imaging modality’s findings, 
the model produces a series of potential 
diagnoses for consideration (Figure 7).14 To 
maximize ChatGPT’s precision, it is crucial to 
supply it with specific prompts tailored to the 
medical images in question.47 By providing 
detailed prompts that include the patient’s 
medical history, symptoms, and distinctive 
image features, ChatGPT assists learners in 
enhancing their diagnostic skills. Additional-
ly, ChatGPT is useful for giving real-time feed-
back during questioning, doubt clarification, 
or case discussions, thereby enriching the 
learning process.28

Figure 3. ChatGPT’s lesson plan generation capabilities. ChatGPT, Chat Generative Pre-Trained Transformer.

Figure 4. ChatGPT simplifies information. ChatGPT, Chat Generative Pre-Trained Transformer.
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In the field of radiology, ChatGPT’s utility 
is notably constrained by the discipline’s in-
herent visual emphasis.48 Although ChatGPT 
can provide assistance based on textual de-
scriptions of findings, it may overlook errors 
introduced by human interpreters. In clinical 

scenarios, the need to describe an image 
in text to an AI, rather than allowing the AI 
to analyze it directly using pattern recogni-
tion algorithms, introduces an unnecessary 
step that may compromise efficiency. For 
radiological image analysis, specific AI tech-

nologies, including radiomics49 and deep 
learning models,50 are particularly suitable. 
These models, trained on extensive data-
sets, excel at identifying complex patterns 
in radiological images and extracting quan-
titative features, thereby enhancing their 
potential efficacy for diagnostic and pre-
dictive tasks. Building on the limitations of 
ChatGPT in radiology, the emergence of the 
Large Language-and-Vision  Assistant (LLa-
VA) addresses some of these challenges.13 As 
a visual chatbot capable of processing both 
textual and visual data, LLaVA offers a more 
integrated approach to AI in healthcare.13 Its 
potential in radiology promises increased di-
agnostic accuracy and lighter workloads for 
radiologists.29 It is crucial to understand that 
these AI instruments are designed to aug-
ment, not replace, human skills in radiology. 

With the latest updates, ChatGPT has 
gained the ability to interpret images. In a 
recent study, researchers evaluated GPT-4V(i-
sion), an enhanced multimodal model that 
combines language and visual understand-
ing. The study aimed to assess its capabil-
ities across various tasks, input types, and 
operational modes, and to develop effective 
prompting strategies. The preliminary find-
ings indicate that although GPT-4V is adept 
at managing multimodal inputs and shows 
promise in fostering novel interactive ca-
pabilities, such as visual referring prompts, 
it is not yet highly accurate and sometimes 
makes erroneous claims. The study suggests 
that GPT-4V could lead to more research 
into multimodal applications and enhanced 
problem-solving methods.51 However, there 
is a lack of sufficient research or experience 
in interpreting radiological images. By un-
derstanding the capabilities and current lim-
itations of GPT-4V in image interpretation, 
educators and professionals in radiology can 
begin to explore the integration of AI-assist-
ed learning and diagnostic strategies. This 
emerging technology may revolutionize how 
radiological data are taught and interpreted, 
prompting a re-evaluation of curricula.

ChatGPT also excels as a research tool. It 
is notable for its ability to organize ideas for 
writing tasks. By providing it with prompts, 
ChatGPT can quickly generate outlines and 
assist in the initial stages of research and 
writing (Figure 8).52 However, researchers 
should approach its output with caution 
and are advised to adjust and verify ideas 
produced by the tool to prevent inaccura-
cies.37 ChatGPT plays an instrumental role 
in aiding students and researchers by help-
ing them structure their thoughts and con-

Figure 5. ChatGPT in educational dialogue creation. ChatGPT, Chat Generative Pre-Trained Transformer.

Figure 6. Translating educational materials into multiple languages with ChatGPT. ChatGPT, Chat Generative 
Pre-Trained Transformer.
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cepts efficiently for writing assignments.36,52 

A study by Pech-Rodríguez et al.53 evaluated 
ChatGPT’s performance across various aca-
demic tasks. The findings indicated that the 
platform can generate grammatically correct 
essays; however, it often includes redundant 

information and may omit deeper insights. 
When tackling mathematical problems, 
ChatGPT showed inconsistencies, especially 
when its results were compared with those 
from MATLAB, suggesting potential reliabil-
ity issues in academic tutoring. Moreover, 

although ChatGPT proved informative on 
general topics, it occasionally fell short in 
providing comprehensive answers to more 
intricate subjects. The study underscored the 
risks of overly depending on such platforms 
and highlighted the challenges in regulating 
this emerging technology. 

In radiology, large language models 
(LLMs), such as ChatGPT, offer significant 
advancements in organizing patient care. By 
automatically analyzing radiology requests, 
LLMs efficiently determine which specific 
scan is needed for a patient.30,54 They stream-
line this process by using details from the re-
quest forms, ensuring each patient receives 
a timely and accurate imaging study. Addi-
tionally, LLMs are capable of sorting these 
imaging requests by urgency. They take into 
account the severity of medical situations, 
which allows the most critical patients to be 
attended to first.30 This thoughtful organiza-
tion of the imaging needs of patients helps in 
managing the workflow of radiology depart-
ments effectively, ensuring that time-sen-
sitive cases are given priority and resources 
are used wisely.30 Through these innovations, 
LLMs can greatly enhance the handling of 
patients, leading to faster and more effective 
medical care.30,54

Building on the application of AI chat-
bots in radiology, their influence has further 
extended into other domains, such as der-
matology,55 orthopedics,56 allergy, and im-
munology.57 The advancements in NLP have 
enhanced the capabilities of these chatbots. 
Consequently, they play an integral role in 
various facets of medicine, including aiding 
in diagnostics, offering up-to-date medical 
insights, and formulating patient-specific 
treatment recommendations.57

Emerging trends and radiologists’ percep-
tion of artificial intelligence

Radiologists recognize the potential ben-
efits of AI in fields beyond just education. 
Over 80 AI algorithms have received US Food 
and Drug Administration (FDA) clearance for 
clinical use.58 However, there are also reserva-
tions about how these technologies may re-
shape their profession. An American College 
of Radiology survey revealed that only 33.5% 
of radiologists are integrating AI into their 
clinical practices.58 Larger radiological prac-
tices tend to lean more toward AI integration, 
given their specialized research activities 
and superior resources. The inconsistency 
in the performance of many FDA-cleared 
AI algorithms concerns these professionals. 
Even so, 95% of survey participants are not 
prepared to let AI function autonomously.  

Figure 7. Narrowing the differential diagnosis with ChatGPT. ChatGPT, Chat Generative Pre-Trained 
Transformer.

Figure 8. Using ChatGPT for research outlining. ChatGPT, Chat Generative Pre-Trained Transformer. 
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Many, however, acknowledge the enhance-
ment AI brings to their practice, proving ad-
vantageous for both the practitioners and 
their patients.58 In this regard, integrating 
AI may empower radiologists to undertake 
more intricate tasks, fostering greater job 
satisfaction and enhancing patient care.59 At 
present, AI shows promising potential to aug-
ment radiological interpretations significant-
ly.58,59 AI promises enhanced precision and 
speed in medical imaging evaluations, offer-
ing invaluable support to radiologists during 
the diagnostic phase. Among the pivotal AI 
applications in radiology are computer-as-
sisted detection and diagnosis, image-based 
therapeutic guidance, and automated image 
analysis and interpretation.29 Survey findings 
from Grace et al.60 propose that AI could out-
pace human capabilities in various intricate 
tasks in the coming decades.

The great debate: tool or threat?

The debate about AI’s role in the future of 
radiology is ongoing. Some consider AI as a 
tool that will augment radiology. By contrast, 
others perceive AI as a potential job threat.59 

Although data suggest AI may surpass hu-
man abilities in specific tasks, opinions about 
its influence in specialties such as radiolo-
gy remain divided.59 Amid these concerns 
about the job landscape, it is essential to 
recognize that radiology is not solely about 
image interpretation. It also entails patient 
interactions and clinical decision-making, 
aspects deeply rooted in the “human touch.” 
Although AI can support radiologists during 
diagnosis, the expertise of a radiologist is es-
sential for the final assessment. Moreover, AI 
algorithms have not reached the level where 
they can entirely supplant human judgment 
and decision-making.29 Furthermore, there is 
a growing shortage of radiologists, including 
trainees. 

Patients’ perspective on artificial intelli-
gence

Patients largely endorse the incorpora-
tion of AI in radiology as an auxiliary tool for 
radiologists. However, they voice concerns 
about placing trust in unsupervised AI, po-
tential liability challenges, and the potential 
erosion of human connection and empathy 
in their healthcare.59 Additionally, the risks of 
bias leading to discrimination, data privacy 
dilemmas, and intensified privacy concerns 
for individuals with uncommon diseases re-
main prevalent.61

Potential pitfalls and limitations in radiolo-
gy education

ChatGPT, while a transformative tool, can 
sometimes generate inaccurate content due 
to its limited data, which may cause students 
to receive outdated or even false informa-
tion.34 Therefore, it is crucial for users, espe-
cially students, to cross-reference ChatGPT’s 
responses with current, reliable sources to 
ensure the accuracy and relevancy of the 
information they are using. For instance, if a 
student inquires about recent scientific ad-
vancements, ChatGPT may not have access 
to the latest research published after its last 
update, potentially leading to a knowledge 
gap. Detailed analysis of this limitation high-
lights the need for continuous updates and 
verifications, which could include a mecha-
nism where ChatGPT references the date of 
its last dataset update to inform users of its 
knowledge limitations. Furthermore, being 
trained on vast datasets, it can inadvertently 
echo biases present in them, such as political 
or racial biases, or those based on data from 
primarily affluent nations.36 This underscores 
the importance of a critical approach when 
interacting with AI outputs, emphasizing the 
need for educators to teach media literacy 
and critical thinking skills that enable stu-
dents to discern and mitigate these biases. A 
direct comparative example can be observed 
when ChatGPT is tested on cultural sensi-
tivity topics where its responses may lean 
toward majority viewpoints or widely pub-
lished literature, not accurately reflecting the 
diverse perspectives or the nuance present 
in global discussions. 

Moreover, there is a growing worry about 
plagiarism, as ChatGPT’s unique text gener-
ation can often evade traditional plagiarism 
detectors, challenging the core of academ-
ic integrity.36 Additionally, unlike human 
educators, ChatGPT lacks emotional intel-
ligence, which may affect a student’s learn-
ing experience.45 Its operation is primarily 
pattern-based, which means sometimes it 
may not truly grasp or tailor feedback on the 
concepts it presents.45 As its adoption grows, 
concerns related to data privacy surface, es-
pecially given the ambiguities surrounding 
data storage and the potential risks of users 
sharing sensitive information.46 To mitigate 
these risks, future directions may include 
implementing stringent data governance 
frameworks and offering clear, user-friendly 
options to manage data consent. Further-
more, enhancing transparency around how 

data are used and stored could assuage user 
concerns and foster a more trusting relation-
ship with such AI tools.

Comparative analysis 

Personalization and interactivity

Utilizing advanced machine learning al-
gorithms, ChatGPT offers a dynamic, adap-
tive approach to educational engagement 
that promises to revolutionize the way in-
dividual learning pathways are supported. 
ChatGPT customizes its responses to each 
learner, providing immediate and personal-
ized feedback based on their distinct learn-
ing needs.28 Owing to its structure, ChatGPT 
can infer relationships between words, per-
form logical language reasoning tasks, and 
generate responses when prompted with 
personalized questions.62 In a recent study, 
when ChatGPT was informed that a learner 
had dyslexia, it provided recommendations 
for learning materials suited to that partic-
ular learner.36 Other studies suggest that 
ChatGPT could provide an interactive learn-
ing environment accessible at any time, po-
tentially leading to the better retention of 
information and a more enjoyable learning 
experience.27,41

However, e-learning content varies, 
ranging from complex interactive learning 
sessions to static web pages with links.63 Al-
though online communities and discussion 
forums add a layer of interactivity, they lack 
the AI-driven, real-time personalization that 
ChatGPT provides.64

Visual learning and complex concepts 

E-learning tools have a clear advantage 
when it comes to teaching complex concepts 
that require visual aids, such as image inter-
pretation, procedural demonstrations, and 
3D anatomical representations.65 ChatGPT, 
being primarily text-based, may not be as 
effective in this regard.11,48 To address this 
limitation, integrating ChatGPT with visu-
al resources could potentially enhance the 
learning experience for radiology residents. 
For instance, residents could watch a video 
demonstration of a radiology technique and 
then use ChatGPT for further clarification.

Cost, accessibility, quality, and currency of 
information

ChatGPT can potentially reduce costs 
associated with traditional radiology ed-
ucation, offering an interactive, AI-driven 
learning experience. With minimal financial 



 

ChatGPT and e-learning resources in radiology education • 171

barriers to accessibility, it may be attractive 
to students and institutions with limited 
budgets.14,48

By contrast, e-learning tools may require 
subscription fees or be restricted to certain 
institutions. However, these platforms often 
justify their cost by providing comprehen-
sive and peer-reviewed content.66 Accessibil-
ity and language barriers may limit the reach 
of these valuable resources.66

Many people appreciate ChatGPT for gen-
eral information. However, its consistency 
and accuracy are debated.33,46 Many believe 
it cannot be a substitute for specialized ex-
pertise, and users are advised to verify its 
responses with reliable sources.33,46 E-learn-
ing tools range from high-quality, expert-re-
viewed content to less reliable, user-generat-
ed material.66,67 This variability highlights the 
need for a critical evaluation of the credibility 
and accuracy of these resources.

ChatGPT has an edge in providing almost 
up-to-date information because it can be pe-
riodically updated with new developments 
in radiology.14 However, it does not update 
its data on a daily or weekly basis, especial-
ly regarding release dates, which may cause 
students to receive outdated or even false in-
formation.36 In comparison, e-learning tools 
may not always be updated regularly, which 
could result in the dissemination of outdat-
ed or inaccurate information.66,67 Maintaining 
the currency of educational resources is of-
ten a resource-intensive and time-consum-
ing task, causing some platforms to lag in 
incorporating the latest advances in radiol-
ogy. Table 2 offers a more comprehensive 
comparison of ChatGPT and e-learning tools 
as radiology educational resources.

User experience, interface, adaptability, 
learning curve

ChatGPT’s design, rooted in the chat-
based interface, offers a user-friendly ap-
proach to information-seeking. Tlili et al.’s46 
study underscored the value of this simplic-
ity, especially given the widespread use of 
messaging platforms in modern digital com-
munication. This interface design ensures 
users can engage without a steep learning 
curve, drawing parallels with daily online in-
teractions.46

In a practical application setting, a work-
shop in Palermo showcased the adaptability 
and approachability of the ChatGPT interface 
among high school students.68 The study il-
lustrated the students’ initial curiosity and 

eagerness to engage, followed by a period 
of refinement in their interaction strategies. 
As they became aware of ChatGPT’s capabil-
ities and limitations, students adjusted their 
questioning techniques, demonstrating the 
platform’s malleability to user-driven inter-
actions. It was observed that high school 
students’ perceptions of AI changed notably 
after a hands-on workshop with ChatGPT. 
The findings revealed that students felt less 
threatened by AI after the workshop, with 
most expressing positive emotions toward 
ChatGPT. However, a few found it repetitive 
and not very human-like.

While the platform’s linguistic capabilities 
are commendable, ensuring grammatical 
correctness and coherence, it is not devoid of 
flaws. Although AI can craft essays with prop-
er grammar, the content may not always be 
optimal. Redundancies, superficial insights, 
and an occasional lack of in-depth analysis 
were some of the highlighted shortcomings. 
Such findings emphasize that while ChatGPT 
can be a beneficial aid, critical thinking and 
discernment remain crucial when interpret-
ing its responses.46

By contrast, online learning platforms, 
as experienced by radiography students in 
Gauteng Province, South Africa, offer a struc-
tured learning environment that demands 
adaptability from users.69 These platforms 
come equipped with various tools and fea-
tures, which can initially be overwhelming 
for user experience, yet are essential for com-
prehensive remote learning. However, adapt-
ability becomes crucial, especially when 
technological resources are scarce or when 
students are navigating a new “normal,” such 
as during the COVID-19 lockdown.69

It is essential to consider that there will be 
a significant learning curve when it comes 
to both AI tools and E-learning platforms.70 

However, as highlighted by Tlili et al.46, 
ChatGPT offers a chat-based interface, mak-
ing it intuitive for users familiar with mes-
saging platforms. The anticipated significant 
learning curve for physicians in the medical 
field can be attributed to several factors. 
First, older individuals who are not famil-
iar with technology may encounter hurdles 
when using AI tools or e-learning platforms. 
Second, there is a need for educational insti-
tutions to incorporate AI into medical curric-
ula, implying potential curriculum changes 
and resource allocation. Third, successful AI 
adoption may also rely on effective collabo-
ration with industry partners, thereby requir-
ing professionals to develop new skills and 

adapt to industry practices. Collaborations 
between academia and industry may lead to 
the development of user-ready AI tools.71

Future directions

In the context of radiology education, 
notable disadvantages of ChatGPT include 
its data dependency and potential biases.18 

ChatGPT may not always offer accurate infor-
mation, particularly in specialized fields such 
as radiology, where knowledge is ever-evolv-
ing.34 Additionally, biases in the training data, 
such as the overrepresentation of certain 
imaging techniques or underrepresentation 
of particular pathological conditions, could 
affect the quality of the educational content 
generated by ChatGPT.36,72 To address the 
potential impacts on future radiology educa-
tion paradigms, it is paramount to integrate 
ChatGPT with expert-curated e-learning 
resources, peer-reviewed articles, and re-
al-world radiological case studies. This inte-
gration ensures an in-depth and precise ed-
ucational journey for radiology students. The 
synergy between ChatGPT and e-learning 
resources leverages the unique advantages 
of both platforms, forging a comprehensive 
educational paradigm (Table 3). Their syn-
ergistic use not only merges their individual 
strengths but also augments the overall ed-
ucational quality. Collaboration between AI 
developers and medical experts in platforms 
such as ChatGPT is also crucial.71 Such collab-
oration ensures the accuracy and reliability 
of disseminated health information. It also 
addresses ethical concerns, keeps up with 
the dynamic nature of medical knowledge, 
and provides the needed contextual un-
derstanding for patient-specific advice. This 
partnership is vital for both user safety and 
regulatory compliance.

In conclusion, ChatGPT and traditional 
digital learning resources each offer unique 
advantages and challenges in the context 
of radiology education. The personalized, 
interactive experience of ChatGPT comple-
ments the visual and specialized offerings of 
e-learning tools. Although it is unlikely that 
AI will completely replace traditional meth-
ods of studying radiology, such as reviewing 
electronic or printed materials and analyzing 
case examples, a well-rounded educational 
experience can be achieved by utilizing the 
strengths of both resources. Future studies 
should focus on intervention research to 
highlight the impact of using ChatGPT in 
conjunction with e-learning resources for ra-
diology training.



 

172 • May 2024 • Diagnostic and Interventional Radiology Meşe et al.

Conflict of interest disclosure

The authors declared no conflicts of inte-
rest.

References
1. Guze PA. Using technology to meet the 

challenges of medical education. Trans Am Clin 
Climatol Assoc. 2015;126:260-270. [CrossRef]

2. Bercovich E, Javitt MC. Medical imaging: 
from roentgen to the digital revolution, 
and beyond. Rambam Maimonides Med J. 
2018;9(4):e0034. [CrossRef]

3. Romli MH, Cheema MS, Mehat MZ, Md 
Hashim NF, Abdul Hamid H. Exploring 
the effectiveness of technology-based 
learning on the educational outcomes of 
undergraduate healthcare students: an 
overview of systematic reviews protocol. BMJ 
Open. 2020;10(11):e041153. [CrossRef]

4. Masic I. E-learning as new method of medical 
education. Acta Inform Med. 2008;16(2):102-
117. [CrossRef]

5. Hara CY, Aredes Ndel A, Fonseca LM, Silveira 
RC, Camargo RA, de Goes FS. Clinical case 
in digital technology for nursing students’ 
learning: an integrative review. Nurse Educ 
Today. 2016;38:119-125. [CrossRef]

6. Brame CJ. Effective educational videos: 
principles and guidelines for maximizing 
student learning from video content. CBE Life 
Sci Educ. 2016;15(4):es6. [CrossRef]

7. Yu C, Sharma N. Growth and utilization of 
radiology instagram accounts: insight and 
template from an online radiologist educator. 
Acad Radiol. 2022;29(4):609-618. [CrossRef]

8. Biswas SS, Biswas S, Awal SS, Goyal H. Current 
status of radiology education online: a 
comprehensive update. SN Compr Clin Med. 
2022;4(1):182. [CrossRef]

9. Barteit S, Jahn A, Bowa A, et al. How self-
directed e-learning contributes to training 
for medical licentiate practitioners in 
Zambia: evaluation of the pilot phase of 
a mixed-methods study. JMIR Med Educ. 
2018;4(2):e10222. [CrossRef]

10. Sharma S, Pajai S, Prasad R, et al. A 
Critical review of ChatGPT as a potential 
substitute for diabetes educators. Cureus. 
2023;15(5):e38380. [CrossRef]

11. Tsang R. Practical applications of ChatGPT 
in undergraduate medical education. J Med 
Educ Curric Dev. 2023;10:23821205231178449. 
[CrossRef]

12. Forney MC, McBride AF. Artificial intelligence 
in radiology residency training. Semin 

Musculoskelet Radiol. 2020;24(1):74-80. 
[CrossRef]

13. Goktas P, Agildere AM. Transforming 
radiology with artificial intelligence visual 
chatbot: a balanced perspective. J Am Coll 
Radiol. 2023:S1546-1440(23)00643-00649. 
[CrossRef]

14. Srivastav S, Chandrakar R, Gupta S, et al. 
ChatGPT in radiology: the advantages and 
limitations of artificial intelligence for medical 
imaging diagnosis. Cureus. 2023;15(7):e41435. 
[CrossRef]

15. Akoob S, Akbar K, Van Wyk J. The use 
of technology in postgraduate medical 
education within radiology: a scoping 
review. Egypt J Radiol Nucl Med. 2022;53(1):94. 
[CrossRef]

16. Kahn CE Jr. A digital library of radiology 
images. AMIA Annu Symp Proc. 2006;2006:972. 
[CrossRef]

17. Sparacia G, Bartolotta TV, Brancatelli G, 
Caramella D, Vimercati F. Design and 
implementation of a World Wide Web teaching 
files database on diagnostic radiology. Radiol 
Med. 1999;97(1-2):76-80. [CrossRef]

18. Pinto A, Selvaggi S, Sicignano G, et al. 
E-learning tools for education: regulatory 
aspects, current applications in radiology and 

Table 3. Synergistic benefits of ChatGPT and e-learning in various impact AreasLearning

ChatGPT E-learning

Personalized learning paths Adapted to individual queries and learning speeds27 Structured the curriculum and provided the content 
in modular format67

Interactive case discussions Simulated discussions and provided insights on 
presented cases37 Presented radiological cases and images for analysis22

Instant feedback Gave real-time feedback and answers to queries27 Provided the platform for submission and review of 
interpretations16

AR and VR integration
3D visualization of anatomy and 
pathologies

Offered interactive guidance and explanations within 
AR/VR environments* Created AR/VR simulations and visualizations*

Continuous updates Updated information and provided recent research 
insights33

Managed and structured updates, notifications, and 
module revisions16

*This information was compiled by the authors from a comprehensive review of related literature or experience. ChatGPT, Chat Generative Pre-Trained Transformer; E-learning, 
electronic learning; AR, augmented reality; VR, virtual reality.

Table 2. Additional aspects of ChatGPT and e-learning tools e-learning platforms

ChatGPT E-learning

Personalization and interactivity AI-driven, adaptive feedback tailored to individual 
needs27,33,60

Varies; from complex interactive sessions to static pages.58 
Lack of real-time AI personalization62

Visual learning Text-based11 Superior for visual aids and demonstrations63

Cost and accessibility Lower costs with high accessibility14,45 May have subscription fees or institutional restrictions64

Quality and currency of information Nearly up-to-date but may lack accuracy.33,43  
Users advised to verify Quality varies; updates may be infrequent64,65

User experience and interface Intuitive chat-based interface43 Structured but potentially overwhelming initially67

Adaptability High adaptability among users63 Essential but may pose challenges67

Learning curve Easier for those familiar with messaging.43 In some 
instances, significant learning curve68,69 Significant, especially for tech-unfamiliar individuals68,69

ChatGPT, Chat Generative Pre-Trained Transformer; E-learning, electronic learning; AI, artificial intelligence.

https://pubmed.ncbi.nlm.nih.gov/26330687/
10.5041/RMMJ.10355
10.1136/bmjopen-2020-041153
10.5455/aim.2008.16.102-117
https://www.doi.org/10.1016/j.nedt.2015.12.002
https://www.doi.org/10.1187/cbe.16-03-0125
https://www.doi.org/10.1016/j.acra.2021.02.003
https://www.doi.org/10.1007/s42399-022-01269-z
https://www.doi.org/10.2196/10222
https://www.doi.org/10.7759/cureus.38380
https://www.doi.org/10.1177/23821205231178449
https://www.doi.org/10.1055/s-0039-3400270
https://www.doi.org/10.1016/j.jacr.2023.07.023
https://www.doi.org/10.7759/cureus.41435
https://doi.org/10.1186/s43055-022-00763-7
https://pubmed.ncbi.nlm.nih.gov/17238591/
https://pubmed.ncbi.nlm.nih.gov/10319104/


 

ChatGPT and e-learning resources in radiology education • 173

future prospects. Radiol Med. 2008;113(1):144-
157. [CrossRef]

19. Sparacia G, Cannizzaro F, D’Alessandro 
DM, D’Alessandro MP, Caruso G, Lagalla R. 
Initial experiences in radiology e-learning. 
Radiographics.2007;27(2):573-581. [CrossRef]

20. Brezis M, Cohen R. Interactive learning in 
medicine: socrates in electronic clothes. QJM. 
2004;97(1):47-51. [CrossRef]

21. Shaffer K. Radiology education in the 
digital era. Radiology. 2005;235(2):359-360. 
[CrossRef]

22. Salajegheh A, Jahangiri A, Dolan-Evans E, 
Pakneshan S. A combination of traditional 
learning and e-learning can be more effective 
on radiological interpretation skills in medical 
students: a pre- and post-intervention study. 
BMC Med Educ. 2016;16:46. [CrossRef]

23. Hussein Z. The Effectiveness of e-learning 
from the perspectives of university students 
on acceptance, accessibility, and cost savings. 
IJAEDU. 2016;2:280. [CrossRef]

24. Overdyk FJ, McEvoy M. Wireless, handheld 
computers may aide resident workflow and 
learning. J Educ Perioper Med. 2005;7(2):E038. 
[CrossRef]

25. Akgun S, Greenhow C. Artificial intelligence 
in education: addressing ethical challenges 
in K-12 settings. AI Ethics. 2022;2(3):431-440. 
[CrossRef]

26. Ausat A, Massang B, Efendi M, Nofirman N, 
Riady Y. Can Chat GPT replace the role of 
the teacher in the classroom: a fundamental 
analysis. J. Educ. 2023;5:16100-16106. 
[CrossRef]

27. Bajaj S, Gandhi D, Nayar D. Potential 
applications and impact of ChatGPT 
in radiology. Acad Radiol. 2023:S1076-
6332(23)00460-9. [CrossRef]

28. Ismail A, Ghorashi NS, Javan R. New Horizons: 
The potential role of OpenAI’s ChatGPT 
in clinical radiology. J Am Coll Radiol. 
2023;20(7):696-698. [CrossRef]

29. Lecler A, Duron L, Soyer P. Revolutionizing 
radiology with GPT-based models: current 
applications, future possibilities and 
limitations of ChatGPT. Diagn Interv Imaging. 
2023;104(6):269-274. [CrossRef]

30. Akinci D’Antonoli T, Stanzione A, Bluethgen 
C, et al. Large language models in radiology: 
fundamentals, applications, ethical 
considerations, risks, and future directions. 
Diagn Interv Radiol. 2023. [CrossRef]

31. Perera Molligoda Arachchige AS. Empowering 
radiology: the transformative role of ChatGPT. 
Clin Radiol. 2023;78(11):851-855. [CrossRef]

32. Lourenco AP, Slanetz PJ, Baird GL. Rise of 
ChatGPT: it may be time to reassess how we 
teach and test radiology residents. Radiology. 
2023;307(5):e231053. [CrossRef]

33. Zhai X. ChatGPT for next generation science 
learning. SSRN. 2023;84-89. [CrossRef]

34. Al-Worafi YMH, Hermanyash A, Goh KW, Ming 
LC. Artificial intelligence use in university: 
should we ban ChatGPT?. Preprints. 2023. 
[CrossRef]

35. Han Z, Battaglia F, Udaiyar A, Fooks A, Terlecky 
SR. An explorative assessment of ChatGPT 
as an aid in medical education: use it with 
caution. Med Teach. 2023:1-8. [CrossRef]

36. Lo CK. What is the impact of ChatGPT on 
education? A rapid review of the literature. 
Educ Sci. 2023;13:410. [CrossRef]

37. Sok S, Heng K. ChatGPT for education and 
research: a review of benefits and risks. SSRN. 
2023. [CrossRef]

38. Mese I. The impact of artificial intelligence 
on radiology education in the wake of 
coronavirus disease 2019. Korean J Radiol. 
2023;24(5):478-479. [CrossRef]

39. Pavlik JV. Collaborating with ChatGPT: 
considering the implications of generative 
artificial intelligence for journalism and 
media education. J Mass Commun Educ. 
2023;78(1):84-93. [CrossRef]

40. Rudolph J, Tan S, Tan S. ChatGPT: bullshit 
spewer or the end of traditional assessments 
in higher education?. J Appl Learn Teach. 
2023;6:1-22. [CrossRef]

41. Gilson A, Safranek CW, Huang T, et al. How does 
ChatGPT perform on the United States Medical 
Licensing Examination? The implications of 
large language models for medical education 
and knowledge assessment. JMIR Med Educ. 
2023;9:e45312. [CrossRef]

42. Sánchez OVG. Uso y Percepción de ChatGPT 
en la Educación Superior. Revista De 
Investigación En Tecnologías De La Información. 
2023;11(23):98-107. [CrossRef]

43. Javaid M, Haleem A, Singh RP, Kahn S, Khan IH. 
Unlocking the opportunities through ChatGPT 
tool towards ameliorating the education 
system. BenchCouncil Trans Benchmarks Stand 
Eval. 2023;(2):100-115. [CrossRef]

44. Bhayana R, Krishna S, Bleakney RR. 
Performance of ChatGPT on a radiology 
board-style examination: insights into 
current strengths and limitations. Radiology. 
2023;307(5):e230582. [CrossRef]

45. Grassini S. Shaping the future of education: 
exploring the potential and consequences of 
AI and ChatGPT in educational settings. Educ 
Sci. 2023;13:692. [CrossRef]

46. Tlili A, Shehata B, Adarkwah MA, et al. What 
if the devil is my guardian angel: ChatGPT as 
a case study of using chatbots in education. 
Smart Learn Environ. 2023;10:15. [CrossRef]

47. Castillo AGR, Silva GJS, Arocutipa JPF, et al. 
Effect of Chat GPT on the digitized learning 
process of university students. J Namib 
Studies. 2023;33:1-15. [CrossRef]

48. Grewal H, Dhillon G, Monga V, et al. Radiology 
gets chatty: the ChatGPT saga unfolds. Cureus. 
2023;15(6):e40135. [CrossRef]

49. Koçak B. Key concepts, common pitfalls, and 
best practices in artificial intelligence and 

machine learning: focus on radiomics. Diagn 
Interv Radiol. 2022;28(5):450-462. [CrossRef]

50. Mazurowski MA, Buda M, Saha A, Bashir MR. 
Deep learning in radiology: an overview of 
the concepts and a survey of the state of the 
art with focus on MRI. J Magn Reson Imaging. 
2019;49(4):939-954. [CrossRef]

51. Yang Z, Li L, Lin K, et al. The dawn of LMMs: 
preliminary explorations with GPT-4V(ision). 
ArXiv. 2023. [CrossRef]

52. Kasneci E, Seßler K, Küchemann S, et al. 
ChatGPT for good? On opportunities and 
challenges of large language models for 
education. EdArXiv 2023. [CrossRef]

53. Pech-Rodríguez WJ, Armendaris-Mireles 
EN, Calles-Arriaga CA, Rodríguez-Garcia 
JA, Rocha-Rangel E. Assessing the current 
performance of ChatGPT and the implications 
in the academic and scientific community: 
failures, misuse, and challenges. Preprints. 
2023:2023081188. [CrossRef]

54. Mese I, Taslicay CA, Sivrioglu AK. Improving 
radiology workflow using ChatGPT 
and artificial intelligence. Clin Imaging. 
2023;103:109993. [CrossRef]

55. Kluger N. Potential applications of ChatGPT 
in dermatology. J Eur Acad Dermatol Venereol. 
2023;37(7):e941-e942. [CrossRef]

56. Fayed AM, Mansur NSB, de Carvalho KA, 
Behrens A, D’Hooghe P, de Cesar Netto 
C. Artificial intelligence and ChatGPT in 
orthopaedics and sports medicine. J Exp 
Orthop. 2023;10(1):74. [CrossRef]

57. Goktas P, Karakaya G, Kalyoncu AF, Damadoglu 
E. Artificial intelligence chatbots in allergy 
and immunology practice: where have we 
been and where are we going? J Allergy 
Clin Immunol Pract. 2023;11(9):2697-2700. 
[CrossRef]

58. Allen B, Agarwal S, Coombs L, Wald C, 
Dreyer K. 2020 ACR data science institute 
artificial intelligence survey. J Am Coll Radiol. 
2021;18(8):1153-1159. [CrossRef]

59. Pakdemirli E. Artificial intelligence in 
radiology: friend or foe? Where are we now 
and where are we heading? Acta Radiol Open. 
2019;8(2):2058460119830222. [CrossRef]

60. Grace K, Salvatier J, Dafoe A, Zhang, B, Owain 
E. Viewpoint: when will ai exceed human 
performance? Evidence from AI experts. J Artif 
Intell Res. 2018;62:729-754. [CrossRef]

61. Borondy Kitts A. Patient perspectives on 
artificial intelligence in radiology. J Am Coll 
Radiol. 2023;20(9):863-867. [CrossRef]

62. Bommineni VL, Bhagwagar S, Balcarcel 
D, Bommineni V, Davazitkos C, Boyer D. 
Performance of ChatGPT on the MCAT: the 
road to personalized and equitable premedical 
learning. medRxiv. 2023. [CrossRef]

63. Maxwell S, Mucklow J. E-learning initiatives 
to support prescribing. Br J Clin Pharmacol. 
2012;74(4):621-631. [CrossRef]

https://www.doi.org/10.1007/s11547-008-0227-z
https://www.doi.org/10.1148/rg.272065077
https://www.doi.org/10.1093/qjmed/hch008
https://www.doi.org/10.1148/radiol.2352041497
https://www.doi.org/10.1186/s12909-016-0569-5
http://ijaedu.ocerintjournals.org/en/download/article-file/225689
https://pubmed.ncbi.nlm.nih.gov/27175431/
https://www.doi.org/10.1007/s43681-021-00096-7
https://doi.org/10.31004/joe.v5i4
https://www.doi.org/10.1016/j.acra.2023.08.039
https://www.doi.org/10.1016/j.jacr.2023.02.025
https://www.doi.org/10.1016/j.diii.2023.02.003
https://www.doi.org/10.4274/dir.2023.232417
https://www.doi.org/10.1016/j.crad.2023.08.006
https://www.doi.org/10.1148/radiol.231053
https://www.doi.org/10.2139/ssrn.4331313
https://www.doi.org/10.20944/preprints202302.0400.v1
https://www.doi.org/10.1101/2023.02.13.23285879
https://www.doi.org/10.3390/educsci13040410
https://www.doi.org/10.2139/ssrn.4378735
https://www.doi.org/10.3348/kjr.2023.0278
https://www.doi.org/10.1177/10776958221149577
https://www.doi.org/10.37074/jalt.2023.6.1.9
https://www.doi.org/10.2196/45312
https://www.doi.org/10.36825/RITI.11.23.009
https://www.doi.org/10.1016/j.tbench.2023.100115
https://www.doi.org/10.1148/radiol.230582
https://www.doi.org/10.3390/educsci13070692
https://www.doi.org/10.1186/s40561-023-00237-x
https://www.doi.org/10.59670/jns.v33i.411
https://www.doi.org/10.7759/cureus.40135
https://www.doi.org/10.5152/dir.2022.211297
https://www.doi.org/10.1002/jmri.26534
https://www.doi.org/10.48550/arXiv.2309.17421
https://www.doi.org/10.35542/osf.io/5er8f
https://www.doi.org/10.20944/preprints202308.1188.v1
https://www.doi.org/10.1016/j.clinimag.2023.109993
https://www.doi.org/10.1111/jdv.19152
https://www.doi.org/10.1186/s40634-023-00642-8
https://www.doi.org/10.1016/j.jaip.2023.05.042
https://www.doi.org/10.1016/j.jacr.2021.04.002
https://www.doi.org/10.1177/2058460119830222
https://www.doi.org/10.1613/jair.1.11222
https://www.doi.org/10.1016/j.jacr.2023.05.017
https://www.doi.org/10.1101/2023.03.05.23286533
https://www.doi.org/10.1111/j.1365-2125.2012.04300.x


 

174 • May 2024 • Diagnostic and Interventional Radiology Meşe et al.

64. Ignacio J, Chen HC, Roy T. Advantages and 
challenges of fostering cognitive integration 
through virtual collaborative learning: a 
qualitative study. BMC Nurs. 2022;21(1):251. 
[CrossRef]

65. Sanderson K. Learning tools: visual aids. 
Nature. 2011;477(7366):621-622. [CrossRef]

66. Ruiz JG, Mintzer MJ, Leipzig RM. The impact 
of e-learning in medical education. Acad Med. 
2006;81(3):207-212. [CrossRef]

67. Pinto A, Brunese L, Pinto F, Acampora C, 
Romano L. E-learning and education in 
radiology. Eur J Radiol. 2011;78(3):368-371. 
[CrossRef]

68. Theophilou E, Koyuturk C, Yavari M, et al. 
Learning to prompt in the classroom to 
understand AI limits: a pilot study. arXiv 
2023:481-496. [CrossRef]

69. Gumede L, Badriparsad N. Online teaching 
and learning through the students’ eyes 
- uncertainty through the COVID-19 
lockdown: a qualitative case study in Gauteng 
province, South Africa. Radiography (Lond). 
2022;28(1):193-198. [CrossRef]

70. Duong MT, Rauschecker AM, Rudie JD, 
et al. Artificial intelligence for precision 
education in radiology. Br J Radiol. 
2019;92(1103):20190389. [CrossRef]

71. Charow R, Jeyakumar T, Younus S, et al. 
Artificial intelligence education programs 
for health care professionals: scoping review. 
JMIR Med Educ. 2021;7(4):e31043. [CrossRef]

72. Whiles BB, Bird VG, Canales BK, DiBianco 
JM, Terry RS. Caution! AI bot has entered 
the patient chat: ChatGPT has limitations in 
providing accurate urologic healthcare advice. 
Urology. 2023;180:278-284. [CrossRef]

https://www.doi.org/10.1186/s12912-022-01026-6
https://www.doi.org/10.1038/nj7366-621a
https://www.doi.org/10.1097/00001888-200603000-00002
https://www.doi.org/10.1016/j.ejrad.2010.12.029
https://www.doi.org/10.48550/arXiv.2307.01540
https://www.doi.org/10.1016/j.radi.2021.10.018
https://www.doi.org/10.1259/bjr.20190389
https://www.doi.org/10.2196/31043
https://www.doi.org/10.1016/j.urology.2023.07.010

