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Abstract. The advent of technology has sparked a revolution in many sectors, 

including education. The emergence of new teaching strategies and approaches, 

such as E-learning, has led to a rapid evolution of educational practices. In the 

same context, artificial intelligence opens up new possibilities by adapting con-

tent to individual needs and enhancing student engagement. This article explores 

the integration of  E-learning and AI technologies into medical curricula, exam-

ining the opportunities they present, as well as the challenges and ethical consid-

erations associated with their implementation. A non-exhaustive systematic re-

view was conducted to analyze current trends and insights regarding E-learning 

and AI in medical education. The findings highlight that these technologies had 

the potential to provide adaptive learning experiences, offer instant feedback, aid 

in the development of medical curricula, automate teachers' routine tasks, deliver 

accurate and fair assessments, and assist students in their research. However, in-

tegrating these technologies also presents significant challenges that must be crit-

ically examined and addressed to maximize their effectiveness in medical educa-

tion. This article concludes with recommendations on incorporating E-learning 

and AI into medical curricula to foster both technical skills and critical thinking 

in future healthcare professionals. 
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dents 

1 Introduction 

For a long time, medical education has been primarily based on in-person courses, such 

as lectures, relying on printed materials and books as the main teaching tools [1]. With 

the emergence of ICT and the advent of the internet, traditional teaching approaches 

have been enriched by new digital teaching strategies, becoming an essential compo-

nent of most undergraduate medical programs [2].  

Since the mid-20th century, researchers have been exploring how intelligent tech-

nologies can be applied across various sectors. Turing [3], a key figure in modern com-

puter science and AI, defined a computer’s intelligence by its ability to perform 
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cognitive tasks at a level comparable to humans, a concept later referred to as the "Tu-

ring Test". Over the past decade, advancements in machine learning have led to signif-

icant breakthroughs across multiple fields. Applications such as ChatGPT (Chat Gen-

erative Pre-trained Transformer) have emerged as some of the fastest-growing internet 

applications in history [4]. 

In the medical field, the sheer volume of knowledge has expanded so rapidly that the 

human brain can no longer absorb it all [5]. Despite this, medical education still largely 

focuses on teaching students to memorize and recall vast amounts of information [6]. 

However, the emergence of E-learning and the rapid development of artificial intelli-

gence (AI) presents new opportunities that are poised to bring about significant changes 

in various professional fields, including medical education [7]. 

Integrating E-learning and AI into medical education could revolutionize the way 

students learn and engage with biomedical sciences [8]. By providing personalized and 

adaptive learning experiences, AI breaks away from the traditional "one-size-fits-all" 

approach, offering tailored educational paths that meet the unique needs of each student 

[6].  

This article aims to explore the opportunities and challenges surrounding the inte-

gration of E-learning and AI into medical education. Furthermore, we will propose rec-

ommendations for effectively incorporating this transformative technology into medi-

cal curricula, ensuring that it enhances both teaching methods and student learning ex-

periences.  

2 Methodology 

In this article, a non-exhaustive systematic review was conducted to examine the op-

portunities and challenges of integrating electronic learning (E-learning) and artificial 

intelligence (AI) into medical education. The selection of relevant articles was based 

on specific inclusion criteria. Only peer-reviewed articles published in English or in 

French were considered, and they were sourced from three prominent academic data-

bases: Scopus, Google Scholar and PubMed. 

The search process involved using a combination of keywords related to our subject, 

such as “E-learning”, "artificial intelligence", "medical education", "E-learning in med-

ical education" and "artificial intelligence in medical education".  

After eliminating duplicates and excluding articles based on title and abstract rele-

vance, a total of 31 articles were selected for inclusion. These articles included empiri-

cal studies, systematic reviews, and theoretical papers. 

3 Results And Discussion 

3.1 E-learning in medicine, an addition or an alternative ? 

Medical training relies on a deep understanding of human anatomy and physiology, the 

study of complex diseases, and the need to stay up to date with scientific advancements. 

However, due to the vast amount of knowledge to be covered, it is impossible for in-

structors to teach everything in class. Therefore, students are expected to take respon-

sibility for their own learning outside of lecture hours, which is essential for developing 

their professional skills [9,10]. 
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E-learning is increasingly recognized as an effective complement to face-to-face 

teaching in medical education, fostering a hybrid learning environment. This approach 

can positively influence students' motivation and satisfaction. Several studies show that 

students in blended learning settings report significantly higher satisfaction levels com-

pared to those in traditional courses [11]. 

E-learning offers a variety of multimedia resources including explanatory videos, 

animations, and 3D simulations. These tools offer significant advantages by facilitating 

learning and making complex medical concepts more accessible and comprehensible 

[12, 13]. Authors confirm that these multimedia resources enhance understanding by 

offering visual representations and hands-on experiences that complement and enrich 

traditional teaching. By making complex processes more accessible and providing op-

portunities for safe practice, they help students grasp better and retain essential infor-

mation throughout their academic journey [14, 15]. 

E-learning optimizes time management and reduces stress related to workload [16, 

17]. By reducing the need for physical attendance, it helps lighten the demanding sched-

ules of both instructors and medical students. This flexibility allows students to dedicate 

more time to practical training, a crucial part of their curriculum [18]. Additionally, 

since students no longer need to travel for classes, transportation costs are reduced [19]. 

Moreover, decreasing the number of students in lecture halls can lead to better study 

conditions. 

Despite the flexibility and variety of content offered by e-learning, traditional meth-

ods are sometimes necessary or even required. This is due to the importance of class-

room interaction and the value of direct contact with the teacher and peers. E-learning 

should not and can never replace face-to-face teaching. Instead, it serves as a techno-

logical extension designed to enhance and accelerate educational support (Muller et al., 

2008). For this reason, students do not see e-learning as a complete substitute for tradi-

tional teaching methods but rather as a complement to them, making it an integral part 

of hybrid learning strategies [16 ,20]. From this perspective, the blended learning ap-

proach, which combines the benefits of in-person and online learning, emerges as an 

innovative solution.  

E-learning can reduce the need for in-person attendance while allowing more time 

to be dedicated to practical work, which is a crucial component of medical training. As 

a result, blended learning is highly likely to become the dominant educational model in 

the future, significantly impacting the learning environment of future medical students 

[21].  

3.2 Enhancing Medical Education Through Artificial Intelligence 

The integration of artificial intelligence (AI) into medical education offers numerous 

opportunities to enhance learning experiences, improve clinical skills, and support ed-

ucators. 

One of the most significant advantages of AI in medical education is its ability to 

personalize learning. AI can tailor educational content to meet individual student needs 

by adapting learning modules and predicting areas where students may require addi-

tional support [22]. This personalized approach ensures that students receive custom-

ized educational experiences, ultimately improving learning outcomes [23]. 



          167Enhancing Medical Education with AI and E-learning: Opportunities …   

AI also offers substantial support for educators by automating administrative tasks 

such as grading, allowing instructors to focus more on mentorship, fostering critical 

thinking, and facilitating deeper student engagement [24]. This shift in educators' roles 

can lead to more meaningful interactions with students and improved educational out-

comes. Furthermore, large language models (LLMs) can assist in developing medical 

curricula and teaching methodologies, making it easier to design comprehensive and 

up-to-date educational programs [25]. 

LLMs can also help medical students and researchers find and summarize infor-

mation quickly from scientific papers and medical records. This makes it easier to write 

reports and research papers while saving time. They can also assist in organizing ideas, 

drafting sections, and analyzing results, making the research process more efficient 

[26]. 

The systematic review by Zhang et al. [27] highlights the transformative potential of 

Artificial Intelligence (AI) in medical education. Their findings emphasize that AI can 

be applied across three key teaching stages: 

• Teaching implementation: Facilitating content delivery through personalized 

learning paths. 

 

• Teaching evaluation: Enhancing accuracy and fairness in assessments, reducing 

human bias, and analyzing large volumes of student performance data to identify 

trends and predict outcomes. 

 

• Teaching feedback: Providing instant, tailored feedback for students based on 

their learning level and generating insights for educators to improve teaching strat-

egies. 

 

Similarly, Nagi et al. [6] identified three AI techniques applied in various areas of 

medical education: machine learning/deep learning, virtual reality, and robotic skills 

training. In behavioral health, virtual reality enables students to practice their skills in 

a controlled, realistic environment. In ophthalmology, machine learning and deep learn-

ing help students analyze medical images to diagnose eye diseases. In surgery, robotic 

training enhances students’ precision and technical skills, reducing the risk of surgical 

errors. 

Based on all that has been discussed above, we can summarize the opportunities 

offered by AI in medical education into six key points, as shown in Fig.1 below: 

 

 
 

  
                   

            

                   

  
             

           
         

           

  
         

            

  
              

              

                 

Fig. 1. Opportunities of artificial intelligence in medical education 
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While the potential of artificial intelligence to enhance medical education is vast and 

promising, it is equally crucial to address the challenges that arise from its integration. 

The following section will delve into these challenges. 

3.3 Challenges and Ethical Considerations of AI Integration in Medical 

Education 

Medical students are already incorporating AI into their studies, while educators are 

exploring its potential in designing courses and assessments. 

In this evolving landscape, Cooper & Rodman [4] raised key questions regarding the 

integration of AI in medical education. They asked how medical schools can ensure the 

quality of their curricula when parts are developed by AI instead of humans. They also 

questioned how schools can maintain academic standards if students begin relying on 

AI to complete their assignments. Furthermore, if AI-powered chatbots can quickly and 

accurately answer questions during medical consultations, what will this mean for doc-

tors’ continued learning and development throughout their careers? Additionally, how 

might the role of doctors evolve as AI becomes capable of handling much of the cog-

nitive workload traditionally managed by humans in this profession? 

Concerns about AI’s impact on medicine have also been widely discussed. One big 

worry is that AI can sometimes create false information and present it as if it were true, 

a problem often referred to as “hallucination” [4, 28]. This can create a misleading sense 

of reliability, which could compromise the quality of medical education and practice. 

AI technologies such as large language models (LLMs), particularly those in the 

Generative Pre-trained Transformers (GPT) series, hold great promise for transforming 

medical education. However, these technologies bring about serious ethical challenges. 

Data privacy is one major issue, particularly in situations where students or patients 

might share personal information when interacting with an LLM. OpenAI, for example, 

has acknowledged that user data may be shared with third-party “trusted service pro-

viders” [29]. Another concern is the inherent bias in AI algorithms. OpenAI has noted 

that GPT-4, in particular, carries various biases in its outputs and may even generate 

harmful content [30]. Additionally, there is the risk of students becoming overly reliant 

on AI for clinical decision-making, which threatens the development of critical thinking 

skills among students [25, 31]. 

The challenges discussed above must be critically examined and addressed to ensure 

the responsible use of AI in the medical field. This requires the development of clear 

guidelines and ethical training for students, enabling them to use AI technologies ef-

fectively and responsibly [32]. 

Fig. 2 provides an overview of the challenges associated with artificial intelligence 

in medical education. 
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Fig. 2. Challenges of artificial intelligence in medical education 

3.4 Developing Skills and Collaboration for Effective AI Integration in 

Medical Education 

Doctors today face a rapidly evolving healthcare landscape, where artificial intelligence 

(AI) plays an increasingly central role.  

In order to work effectively with AI tools, medical professionals must develop new 

skills that enable them to process vast amounts of data, interpret AI-generated sugges-

tions for diagnoses and treatments, and assess the level of confidence in those sugges-

tions [5]. Both students and educators require specialized training to effectively use AI 

tools, and this training extends beyond just learning how to use the technology itself. It 

is essential to understand the full spectrum of AI's capabilities, its limitations, and its 

potential ethical implications.  

A key factor in ensuring successful AI integration into medical education is bridging 

the gap between medical practice and technological innovation. As noted by Reuben et 

al. [23], the smooth integration of AI in education requires that educators and students 

understand how to navigate the complex relationship between medicine and emerging 

technologies. One challenge is that AI development often occurs in isolation from the 

realities of medical education. AI developers and educators typically come from differ-

ent backgrounds, with distinct areas of expertise. This lack of collaboration has con-

tributed to a slower adoption of AI in practical teaching settings. Developers, as Zhang 

et al. [27] highlight, may not fully grasp the pedagogical needs and challenges faced by 

educators, particularly in fields like medicine, where hands-on experience is critical. 

On the other hand, medical educators might not have the technical know-how to fully 

leverage AI tools, meaning that AI's potential is not being fully realized in the class-

room. 

To address this disconnect, it is vital to foster a stronger collaboration between AI 

developers and educators. By working together, they can ensure that AI tools are not 

only technically sound but also pedagogically appropriate for medical training. Educa-

tors can provide valuable insights into how AI can be used effectively in teaching, while 

developers can ensure that the tools meet the technical needs of the curriculum. 
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4 Conclusion 

Bernard Stiegler [33] describes digital technologies as a "pharmakon," a term derived 

from Greek that means both remedy and poison. This dual nature applies to E-learning 

and AI technologies, which offer significant opportunities but also pose substantial 

risks.  

When it comes to medical education, E-learning provides access to a wide range of 

up-to-date educational resources, allowing students to learn at their own pace [19, 20] 

Additionally, E-learning encourages students to learn independently and interactively 

through tools like online quizzes, discussion forums, and virtual clinical simulations 

[11]. By reducing the number of in-person classes, it allows more time for essential 

hands-on training [18]. Including E-learning in medical programs helps schools better 

support students’ needs while improving time management and reducing stress from 

heavy workloads. 

Similarly, integrating AI can bring about transformative changes. It has the potential 

to offer customized and flexible learning experiences that cater to the specific needs of 

individual students [6]. However, for these opportunities to be realized, medical educa-

tors must adapt to rapidly evolving technology. This requires rethinking traditional cur-

ricula, assessment methods, and teaching approaches to ensure they align with the ca-

pabilities of AI [8]. 

Through E-learning, students develop greater independence and take full responsi-

bility for their own learning. However, this independence should always be guided by 

teacher supervision. Without it, students may appreciate the freedom that E-learning 

offers but struggle to manage it effectively [13, 34]. Supervision is especially important 

for medical students, whose training is mainly practical and follows a mentorship 

model, where an inexperienced student learns under the guidance of a knowledgeable 

expert [13]. 

As AI becomes more integrated into medical practice, there are concerns about com-

puters taking over healthcare roles, potentially diminishing the expertise and responsi-

bilities of healthcare professionals. While this scenario is a possibility, it is not inevita-

ble. More realistically, AI will reshape the profession, creating new roles for students 

and medical educators, which will require updated medical training [7]. It is important 

to recognize that certain aspects of medical education are irreplaceable. For instance, 

traditional practicum and laboratory courses, which offer real-world, hands-on experi-

ence, cannot be replaced by AI. Thus, a balance between AI-driven tools and traditional 

hands-on learning is critical in maintaining the quality of medical education [35]. To 

reflect these changes, medical school curricula should shift from a focus on information 

acquisition to a greater emphasis on knowledge management and communication [5]. 

This approach will better equip students for the evolving landscape of healthcare, where 

AI will play a central role in supporting medical decision-making. 
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