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Abstract: Endocrinology is a crucial discipline in medical education, and its teaching quality has a significant impact on
the cultivation of medical students' clinical diagnosis and treatment capabilities. However, the traditional teaching model
has several issues, such as limited course time, uneven distribution of teaching resources, and a single teaching mode. With
technological innovations like deep learning algorithms, natural language processing, and virtual reality, artificial intelli-
gence (Al) technology has provided entirely new ideas for the reform of endocrinology teaching. This paper systematically
explores the application of Al in endocrinology teaching, thoroughly analyzes the current status and challenges of endocri-
nology teaching, elaborates on the advantages and specific application methods of Al, and simultaneously proposes targeted
countermeasures for the challenges faced during the application process. The aim is to promote the innovative development
of endocrinology teaching through Al technology, improve teaching quality, cultivate more high - quality endocrinology
professionals, and contribute to the development of medical education.
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1. Introduction

Endocrinology, as an important branch of medicine, is closely related to multiple systems of the human body and covers
a vast and profound body of knowledge. The quality of its teaching plays a key role in the medical education system and
directly impacts the development of medical students' clinical diagnostic and treatment abilities [1]. However, traditional
teaching models have many shortcomings. On the one hand, the limited course time makes it difficult to comprehensively
and deeply impart endocrinology knowledge. On the other hand, teaching resources are unevenly distributed, and institutions
in remote areas often lack equipment and case resources, limiting students' practical learning opportunities. In addition,
traditional teaching primarily relies on lectures from teachers, with students passively receiving knowledge, which fails
to stimulate learning interest and initiative, and does not promote the development of autonomous learning and innovative
thinking. With the widespread application of Artificial Intelligence (Al) in various fields, its powerful data processing,
intelligent analysis, and simulation capabilities have injected new vitality into endocrinology teaching and provided potential
solutions to the challenges of traditional teaching [2]. Al technology can process vast amounts of endocrinology disease data,
provide personalized learning guidance to students, and construct realistic clinical diagnostic scenarios, thereby enhancing
students' practical abilities [3]. The introduction of Al is expected to break through the bottlenecks of traditional teaching,
promote the reform of endocrinology education, and cultivate endocrinology professionals who are better suited to meet the
demands of modern medical development.

2. Current Status and Challenges in Endocrinology Teaching

2.1 Complex Content, Difficult for Students to Understand

Endocrinology is a multidisciplinary subject that encompasses hormone physiology, pathophysiology, and the diagnosis
and treatment of endocrine diseases, among other fields. It also has close intersections with genetics, immunology, and other
disciplines. For example, diabetes involves complex mechanisms such as insulin secretion regulation, abnormal glucose
metabolism, and the development of complications. To fully understand diabetes, students need to integrate knowledge from
physiology, biochemistry, pathology, genetics, immunology, and other disciplines. This requires a high level of knowledge
accumulation and comprehensive analytical thinking, significantly increasing the difficulty of learning [4].

2.2 Limited Clinical Practice, Poor Teaching Effectiveness

Clinical practice is a crucial part of endocrinology education, yet it faces numerous challenges. First, there are
limitations in the allocation of teaching time. The limited hours available make it difficult to meet the dual demands of
theoretical education and clinical practice, resulting in insufficient time for students during their clinical internships. Second,
patient cooperation is often low. Some patients, due to concerns about their diseases, awareness of privacy protection, and
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mistrust of the clinical abilities of medical students, may resist participating in student clinical procedures. This makes it
harder for students to obtain complete medical history and accurate physical examination information. Additionally, typical
cases, especially rare endocrine diseases, are scarce. During their internships, students may not have enough opportunities
to encounter these typical cases, limiting their clinical experience. These factors combine to limit the types and numbers
of cases students encounter, making it difficult to effectively integrate theoretical knowledge with clinical practice within
the limited time, hindering the development of clinical thinking and practical skills, and negatively impacting teaching
effectiveness [5].

2.3 Single Teaching Mode, Lack of Personalization

Traditional endocrinology teaching primarily relies on teacher-led lectures and student clinical internships, resulting in
arelatively single teaching model. In theoretical teaching, teachers mainly use a textbook-centered, didactic approach, where
students passively receive knowledge without opportunities for active thinking or interaction. At the same time, the speed at
which textbooks are updated lags behind advances in medical research, making it difficult to incorporate the latest research
findings, treatment guidelines, and clinical experiences into the teaching content. This results in a disconnect between the
knowledge students acquire and its practical application in clinical settings. Moreover, students vary in terms of learning
abilities, knowledge foundations, and learning styles, but traditional teaching methods do not offer personalized teaching
plans tailored to individual student characteristics. This failure to meet the diverse learning needs of students does not fully
stimulate their learning motivation or initiative, and it hinders the development of their innovative thinking and autonomous
learning abilities [6].

3. Advantages of Artificial Intelligence in Endocrinology Teaching

3.1 Assisting Precise Diagnosis Teaching and Enhancing Clinical Thinking

In the field of medicine, precise diagnosis is the cornerstone of clinical treatment, and the diagnosis of endocrine
diseases is particularly complex due to the integration of multi-dimensional information. Al, with its deep learning algorithms,
demonstrates unique advantages in this area. As one of Al's core technologies, deep learning algorithms, based on artificial
neural networks, extract features and recognize patterns from vast amounts of data by constructing multi-layered neural
structures. In endocrinology teaching, Al can quickly and deeply analyze and learn from clinical data of endocrine diseases,
including symptoms, laboratory test results, and imaging data [7,8]. For example, in thyroid disease diagnosis teaching, Al
systems can integrate thyroid function test results, thyroid ultrasound features, and other information to provide diagnostic
references and differential diagnosis strategies for students [9,10]. During their learning process, students can observe the
Al system's integration and analysis of multi-source information, intuitively understanding how to extract key information
from complex clinical data, thus achieving precise diagnosis, effectively developing clinical thinking, and improving the
accuracy and efficiency of diagnoses.

3.2 Providing Personalized Learning Plans to Meet Student Differences

Each student has a unique level of knowledge mastery, learning style, and pace, which makes it difficult for traditional
teaching models to meet their diverse needs. The introduction of Al provides an effective solution to this problem. By
collecting and analyzing student learning behavior data, Al can precisely understand students' learning status [11]. These data
include learning time, quiz performance, course participation, and time spent on different knowledge points, among other
multidimensional information. Based on this data, Al uses data mining and machine learning algorithms to analyze students'
weak points and learning preferences in-depth, creating personalized learning paths for each student. For students struggling
with learning the section on endocrine metabolic diseases, the Al system can push related instructional videos based on their
specific knowledge gaps. These videos, recorded by experts in the field, elaborate on the pathogenesis, diagnostic key points,
and treatment principles of endocrine metabolic diseases. The system can also push typical case analyses, guiding students
to apply the knowledge they have learned to analyze and diagnose real cases. Furthermore, Al can provide targeted practice
questions to help students reinforce weak areas and deepen their understanding and application of knowledge. For students
with more advanced capabilities, Al can offer additional learning resources, such as cutting-edge international research
papers that cover the latest findings, new treatment methods, and drug development progress in endocrinology, meeting their
higher-level learning needs and significantly enhancing learning outcomes [12-14].

3.3 Simulating Clinical Scenarios to Enhance Practical Skills
Clinical practice ability is one of the core competencies that endocrinology medical students must possess, but
traditional clinical teaching is limited by various factors, and students have limited opportunities for hands-on practice.
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Using technologies such as virtual reality (VR) and augmented reality (AR), Al can create highly realistic virtual clinical
scenarios for endocrinology diagnosis and treatment [15,16]. For example, in a VR simulation of diabetic ketoacidosis
emergency treatment, students can immerse themselves in the role of a doctor and enter a virtual clinical environment.
Students must assess the "patient's" condition, including taking the medical history, performing physical examinations, and
analyzing laboratory results. Based on the evaluation, they must develop a treatment plan, which involves key steps like fluid
resuscitation, insulin application, and correcting electrolyte imbalances. They will also operate virtual emergency devices
such as infusion pumps and glucose meters. Throughout the process, the virtual scenario provides real-time feedback and
error alerts. This allows students to repeatedly practice in a no-risk virtual environment, become familiar with the diagnostic
and treatment processes, enhance their practical skills, and improve emergency handling abilities while avoiding potential
harm to real patients due to operational mistakes.

3.4 Integrating Medical Resources to Enrich Teaching Content

Medical knowledge evolves rapidly, and endocrinology is no exception. Accessing and integrating the latest research
findings, clinical guidelines, and case studies is critical for endocrinology education. Al, with its powerful information
processing capabilities, can efficiently collect, organize, and analyze vast amounts of global endocrinology information
[17]. Using natural language processing technology, Al can classify, tag, and structure this information to create a rich
repository of teaching resources. During teaching, instructors can select high-quality content from the resource library based
on the curriculum outline and teaching objectives, ensuring that the teaching material is in line with the latest medical
advancements. Students can also use Al-assisted learning platforms to easily access the latest knowledge, broaden their
understanding of endocrinology, and improve their self-learning abilities.

4. Specific Applications of Al in Endocrinology Teaching

4.1 Intelligent Assisted Diagnosis System for Teaching

The intelligent assisted diagnosis system, based on deep learning algorithms, can deeply analyze and learn from
vast amounts of clinical data on endocrine diseases. These data include detailed patient history, comprehensive symptom
presentation, precise laboratory test indicators, and imaging features [18]. During clinical internships, when students see
patients, they need to apply the endocrinology knowledge they have learned to make a preliminary diagnosis through
methods such as taking medical histories and conducting physical examinations. For example, when faced with a patient
presenting with polydipsia, polyphagia, polyuria, and weight loss, students might initially suspect diabetes based on these
typical symptoms, but still need to confirm the diagnosis through professional tests. Students then input the patient’s data
into the intelligent assisted diagnosis system. The system quickly integrates and analyzes these data, compares them with a
large database of existing cases, and uses complex algorithmic models to provide diagnostic results and differential diagnosis
recommendations. By comparing their own preliminary diagnosis with the system's results, students can delve into the
reasons for any differences. By persistently using this learning method, students can continuously accumulate diagnostic
experience, gradually master the system’s diagnostic logic, and significantly improve their diagnostic skills.

4.2 Machine Learning-Based Personalized Learning Platform

The personalized learning platform for endocrinology, based on machine learning algorithms, can comprehensively
collect student learning data. These data include login times, duration of each lesson, quiz and exam performance, participation
in course discussions, and so on. Machine learning algorithms deeply mine and analyze these data to create a unique learning
profile for each student. Through these learning profiles, the platform can accurately predict student learning trends, such
as predicting when students might encounter difficulty understanding the section on endocrine disease drug treatments, or
identifying students who have the potential to explore cutting-edge research after mastering basic knowledge [19]. Based on
the analysis, the platform pushes personalized learning content to students, such as course videos, learning materials, and
test questions, and regularly evaluates learning outcomes, dynamically adjusting learning plans, thus enabling intelligent
management of the learning process.

4.3 Practical Teaching Applications of Virtual Diagnosis and Treatment Simulation Systems

A virtual diagnosis and treatment simulation system for endocrine diseases can be constructed, covering various
clinical case scenarios for common endocrine diseases (such as diabetes, thyroid diseases, adrenal diseases, etc.) [20,21].
After completing diagnostic and treatment tasks in the simulation system, students are evaluated by the system based on
the accuracy of diagnosis, rationality of treatment plans, and standardization of procedures, with detailed feedback and
suggestions for improvement provided. Students can use this feedback to conduct targeted learning and practice, thereby

Journal of Clinical Medicine Research 566 | Ruobei Zhao, et al.



improving their clinical skills.

4.4 Building and Using an Intelligent Medical Education Resource Repository

The intelligent medical education resource repository, built using Al technology, collects global endocrinology resources
through natural language processing, data mining, and other techniques. The resources are scientifically categorized, tagged,
and designed for intelligent retrieval [22]. Both instructors and students can quickly access the materials they need through
the resource library. For instance, when explaining a rare endocrine disease, instructors can retrieve related case data, expert
treatment experiences, and the latest research findings from the resource library to enrich their teaching content. Students can
also independently browse materials to explore areas of interest and deepen their knowledge [23].

5. Challenges and Countermeasures of AI Application in Endocrinology Teaching

5.1 High Technical Threshold, Need for Training and Technical Support

Al technology is based on complex algorithms, data processing, and programming techniques, making it highly
specialized [24]. The Al tools used in endocrinology teaching, such as intelligent diagnostic systems and virtual diagnosis
and treatment simulation systems, require teachers and students to have a certain level of technical knowledge to operate
effectively. However, most teachers and students lack systematic Al knowledge in traditional medical education and have
a limited understanding of core concepts such as machine learning algorithms and deep learning frameworks. When faced
with Al teaching tools, they often struggle with unfamiliar interfaces and parameter settings, making it difficult to integrate
these tools into the teaching and learning process. To address this issue, schools should develop comprehensive Al training
plans. Regularly inviting Al experts to give a series of lectures will help teachers and students gain a deeper understanding
of Al technology. Additionally, practical training courses should be arranged to provide on-site demonstrations and guidance
for commonly used Al teaching tools in endocrinology, allowing teachers and students to master technical skills through
practice. Furthermore, a dedicated technical support team, including Al experts and software engineers, should be established
to assist teachers and students with any technical issues they encounter during the application process, ensuring the stable
operation of Al teaching tools.

5.2 Prominent Data Quality and Security Issues, Need for Strict Management

The accuracy of Al models is highly dependent on high-quality data [25]. In the medical field, data sources are diverse
and complex, but the quality of the data is inconsistent, with issues such as data omissions and errors, which affect the
accuracy of Al models. Additionally, medical data contains a large amount of sensitive personal information about patients.
If this data is leaked, it could cause severe harm to the patients and infringe on their privacy. Therefore, establishing a strict
data quality management system is crucial. Data cleaning techniques should be employed to identify and correct errors and
missing values in the data. A data review process should be implemented, where professionals manually verify key data.
Standardized processing methods should be adopted to unify data formats and improve data usability. In terms of data
security protection, encryption techniques should be used to store and transmit data securely, ensuring the confidentiality of
data at every stage. Strict access control policies should be set up to allocate appropriate data access levels based on the roles
and needs of different individuals, preventing unauthorized access and misuse of data.

5.3 Ethical and Legal Issues to Be Resolved, Need for Improved Regulations

The application of Al in medical education raises a series of ethical and legal issues, such as the responsibility for
Al diagnostic results and ethical conflicts in virtual diagnosis and treatment scenarios. Education departments and related
organizations should develop comprehensive ethical guidelines and legal regulations to clarify the application standards
and responsibility boundaries of Al in teaching. Teachers should strengthen ethics education for students during teaching,
guiding them to correctly view and use Al technology, avoid ethical risks, and ensure the healthy application of Al in medical
education.

6. Conclusion

In summary, the application of Al in endocrinology teaching offers numerous opportunities for medical education. By
enhancing diagnostic teaching accuracy, providing personalized learning plans, simulating clinical scenarios, and integrating
teaching resources, Al effectively compensates for the shortcomings of traditional teaching methods, improving teaching
quality and student learning outcomes. Although challenges related to technology, data, and ethics remain, these issues
can be gradually addressed through measures such as strengthening technical training, standardizing data management,
and improving ethical and legal regulations. This will promote the widespread application and in-depth development of
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Al in endocrinology teaching, providing strong support for the cultivation of high-quality endocrinology professionals
and helping medical education reach new heights. In the future, as Al technology continues to advance, its application
in endocrinology teaching will have even broader prospects and is expected to become an important driving force for
innovation and development in medical education.
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