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Abstract: This study aimed to assess the
impact of MED·SMART-AI on
undergraduate clinical anesthesia internship
teaching. Sixty undergraduate interns at
Jiangyin Hospital Affiliated to Nantong
University were divided into two groups. One
group (n=30, February-April 2024) received
traditional instruction, while the other (n=30,
May-July 2024) was taught using the
MED·SMART-AI method. The evaluation
included theoretical knowledge, practical
skills, case analysis performance, student
learning initiative, and self-evaluation
components, such as learning ability,
communication skills, and self-confidence.
Interns utilizing MED·SMART-AI
demonstrated significantly higher scores in
theoretical examinations, skills assessments,
and case analysis compared to those
receiving traditional instruction.
Furthermore, the MED·SMART-AI group
exhibited notable improvements in learning
initiative (information, self-management, and
learning cooperation abilities), alongside
enhanced self-evaluations of learning ability,
doctor-patient communication, literature
retrieval, scientific research innovation, and
self-confidence. These findings indicate that
integrating MED·SMART-AI into
undergraduate clinical anesthesia education
effectively improves academic outcomes and
fosters a more proactive and self-assured
learning approach.
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1. Introduction
Anesthesiology is an important secondary
clinical discipline. Undergraduate students

systematically learn theoretical knowledge such
as physiology, internal medicine, surgery,
human anatomy, pain management, and
pathophysiology. However, there is still a
significant gap between them and becoming
clinicians who can provide medical services to
patients. Clinical internships are a bridge
between theoretical medical knowledge and
clinical medical knowledge, allowing interns to
experience the process of diagnosing and
treating patients, improving their clinical
medical knowledge and overall quality. Clinical
teaching is crucial to the effectiveness of
internships. Conventional clinical anesthesia
teaching can effectively impart anesthesiology
knowledge, but interns learn passively and
cannot establish a systematic, three-dimensional
clinical anesthesia knowledge network.
Teachers cannot provide personalized teaching,
nor can they update the latest advances in
anesthesiology in a timely manner to
compensate for the shortcomings of the
teaching staff, all of which help to improve the
quality of clinical teaching in anesthesiology [1].
With the development of artificial intelligence
(AI), OpenAI in the United States launched
ChatGPT (Chat Generative Pre-Trained
Transformer), a generative chatbot, in
November 2022. This has revolutionized the
traditional AI functions. It can not only answer
continuous questions but also reject unscientific
questions. It has the potential to innovate
teaching and reshape the educational ecosystem
[2]. Currently, medical applications based on
ChatGPT are gradually being carried out in
clinical practice, showing powerful medical
assistance functions [3], and significantly
improving learning efficiency and enhancing
practical ability in medical education [4]. At
present, there are few studies on the use of
ChatGPT in undergraduate clinical anesthesia
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teaching. This study creates MED·SMART-AI
based on ChatGPT for undergraduate clinical
anesthesia teaching, and has achieved
remarkable results, which are reported as
follows.

2. Materials and Methods

2.1 General Information
Thirty undergraduate interns at Jiangyin
Clinical Hospital of Xuzhou Medical University
from February 2024 to April 2024 were selected
as the control group and received traditional
teaching methods. Thirty undergraduate interns
at Jiangyin Clinical Hospital of Xuzhou
Medical University from May 2024 to July
2024 were selected as the study group and
received the MED·SMART-AI teaching method.
In the control group, there were 17 males and
13 females, aged 21-24 years, with an average
age of (22.38±0.78) years, and a pre-internship
GPA of 3.1-3.9, with an average of (3.52±0.17).
In the study group, there were 16 males and 14
females, aged 21-24 years, with an average age
of (22.41±0.73) years, and a pre-internship GPA
of 3.0-3.9, with an average of (3.51±0.18).
There was no statistically significant difference
between the two groups in terms of gender, age,
and pre-internship GPA (P>0.05).

2.2 Methods
Both groups were taught according to the
content of anesthesiology teaching in the
internship syllabus. The teaching hours and
content were exactly the same. The control
group was given traditional teaching methods.
According to the teaching syllabus, teaching
PPTs were written, and classroom lectures were
used to explain the theory and practical
knowledge of clinical anesthesiology.
Anesthesia techniques were explained and
trained in a simulated classroom. Interns could
ask the teacher questions they did not
understand in class or after class. The teachers
were all associate chief physicians and above.
The study group implemented the
MED·SMART-AI teaching method, as follows.
2.2.1 Knowledge framework and adaptive
language model establishment
A knowledge framework covering basic
medical theoretical knowledge and main clinical
knowledge was established, covering main
conceptual entities and entity relationships. The
knowledge hierarchy transitions from general

knowledge to professional knowledge. The
general layer includes knowledge of basic
human structure, physiological systems, and
common diseases. The professional layer
involves knowledge of various clinical
specialties, fully considering the connections
between different professional knowledge,
forming a unified knowledge framework. A
large-scale corpus of medical education texts
was constructed, covering medical textbooks,
exercises, handouts, examination papers, and
literature databases (CNKI, Wanfang Database,
etc.). Based on the general language model, this
domain text was used for fine-tuning to obtain a
professional language model. In addition, the
corpus should continue to be expanded, and
incremental learning should be used for model
updates to adapt to new knowledge and new
corpora at any time.
2.2.2 Intelligent question answering
implementation and virtual environment
construction
The system accurately understands the intention
of the question, performs knowledge reasoning
based on the knowledge graph, and gives a
standard answer that meets the teaching
requirements. The question-answering strategy
is continuously optimized to improve the
smoothness of interaction and support
multi-turn dialogues. The virtual environment
should be realistic and restore clinical work
scenarios. Students can learn typical cases,
operate and query patient information, and
conduct discussion-based learning. The system
can appropriately increase the complexity of
cases according to the level of interns and
exercise their adaptability.
2.2.3 Formulation of intelligent teaching
strategies
The platform continuously tracks the learning
status of each intern, forms learning trajectory
data, intelligently analyzes and evaluates the
intern's knowledge status, automatically
formulates the best teaching strategy for each
intern, and establishes an AI algorithm to
evaluate the teaching effect to achieve strategy
optimization.
2.2.4 MED·SMART-AI application guidance
Teachers who master the system explain the
basic knowledge and application of
MED·SMART-AI to ensure that interns can
skillfully use the system, guide theoretical
learning, and guide anesthesia technical
operations according to system prompts,
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pictures, and videos. Teacher Yin Lixin is
responsible for the maintenance and upgrade of
the MED·SMART-AI system.

2.3 Observation Indicators
The theoretical scores, skill scores (use of
monitors and ventilators, placement of spinal
block positions, tracheal intubation, etc.), and
case analysis scores of the two groups before
and after learning were recorded. The
theoretical scores and case analysis scores were
assessed by the Science and Education
Department, and the skill scores were assessed
by chief physicians who did not know the
grouping. The total score for each item was 100
points. The learning initiative and
self-evaluation of the two groups before and
after learning were compared. The learning
initiative was evaluated by the "Active Learning
Ability Evaluation Scale", with a Cronbach's α
of 0.94. The Likert 5-level scoring method was
adopted, including three dimensions:
information ability (55 points),
self-management ability (50 points), and
learning cooperation ability (35 points), with a
total score of 140 points. Learning ability is
positively correlated with the score [5].
Self-evaluation was assessed by the teaching
director based on the self-made self-evaluation
questionnaire according to the internship
syllabus. The content includes five dimensions:
learning ability, doctor-patient communication
ability, literature retrieval ability, scientific
research innovation ability, and self-confidence.
Each dimension contains 4 items, a total of 20
items. The Likert 5-level scoring method is used,
with a total score of 100 points. The higher the
score, the better the self-evaluation.

2.4 Statistical Processing
SPSS25.0 was used for processing.
Measurement data conforming to normal
distribution were expressed as mean ± standard
deviation (±s). The t-test was used for
comparison between groups. P<0.05 was
considered statistically significant.
3. Results

3.1 Comparison of Theoretical Scores, Skill
Scores, and Case Analysis Scores Between
the Two Groups
Before learning, there was no statistically
significant difference in theoretical scores, skill
scores, and case analysis scores between the

two groups (P>0.05). After learning, the
theoretical scores, skill scores, and case analysis
scores of the study group were higher than those
of the control group (P<0.05). See Table 1.
Table 1. Comparison of Theoretical Scores,
Skill Scores, and Case Analysis Scores
Between the Two Groups (±s, points)

Group CasesTheoreticalScore Skill Score
Case

Analysis
Score

Before After Before
Study
Group 30 78.13±5.5189.43±3.3171.43±4.45

Control
Group 30 79.17±6.0984.57±4.8170.67±4.40

t-value 0.689 4.565 0.670
p-value 0.493 0.000 0.505

3.2 Comparison of Learning Initiative
Between the Two Groups
Before learning, there was no statistically
significant difference in the scores of
information ability, self-management ability,
and learning cooperation ability between the
two groups (P>0.05). After learning, the scores
of information ability, self-management ability,
and learning cooperation ability of the study
group were higher than those of the control
group (P<0.05). See Table 2.
Table 2. Comparison of Learning Initiative

Between the Two Groups (±s, points)

Group Cases InformationAbility
Self-Management

Ability

Learning
Cooperation
Ability

Before After Before
Study
Group 30 22.23±2.57 28.83±2.12 21.37±2.34

Control
Group 30 21.83±2.61 26.77±2.45 20.67±3.26

t-value 0.598 3.499 0.955
P-value 0.552 0.001 0.344

3.3 Comparison of Self-Evaluation Between
the Two Groups
Before learning, there was no statistically
significant difference in the scores of learning
ability, doctor-patient communication ability,
literature retrieval ability, scientific research
innovation ability, and self-confidence between
the two groups (P>0.05). After learning, the
scores of learning ability, doctor-patient
communication ability, literature retrieval
ability, scientific research innovation ability,
and self-confidence of the study group were
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higher than those of the control group (P<0.05).
See Table 3.

Table 3. Comparison of Self-Evaluation Between the Two Groups (±s, points)
Group Cases Learning

Ability
Doctor-Patient

Communication Ability
Literature

Retrieval Ability
Scientific Research
Innovation Ability Self-Confidence

Before After Before After Before
Study Group 30 13.13±1.74 15.87±1.22 13.27±1.60 16.33±1.21 9.97±1.81
Control Group 30 12.93±1.70 14.77±1.43 13.47±1.22 15.10±1.37 9.77±1.55

t-value 0.451 3.200 0.545 3.687 0.460
P-value 0.654 0.002 0.588 0.001 0.647

4. Discussion
Anesthesiology is a clinical discipline involving
internal medicine, surgery, obstetrics and
gynecology, pediatrics, and other disciplines. It
not only requires interns to be familiar with the
causes, mechanisms, pathophysiological
characteristics, surgical methods and steps,
postoperative complications, and rehabilitation
of surgical diseases, but also puts forward
higher requirements for interns' anesthesia
technical operation and anesthesia management.
How to improve interns' theoretical knowledge
and practical skills of anesthesia in a limited
time is an important topic for teaching staff.
Although optimizing the traditional teaching
model can improve the quality of teaching, it
still cannot keep up with the rapidly changing
pace of medical development and meet the
interns' desire for medical knowledge, nor can it
effectively improve the interns' humanistic care
ability, independent thinking ability, literature
retrieval, and scientific research innovation
ability [6]. With the application of AI in the
medical field, especially the emergence of
ChatGPT, medical students' access to medical
knowledge and learning methods have
undergone major changes, which also poses a
major challenge to clinical medical teaching.
ChatGPT is a language processing model driven
by AI technology. It has the characteristics of
self-learning, iterative updating, and
incremental training, and can provide massive
medical knowledge. The key to the quality of
the model is the knowledge information fed [7].
The MED·SMART-AI model in this study is
based on the general ChatGPT and feeds
knowledge such as medical textbooks, exercises,
handouts, examination papers, and literature
databases (CNKI, Wanfang Database). Through
self-learning and pre-training, it provides
anesthesia medical knowledge, assists interns in
understanding and mastering theoretical
knowledge, establishes a systematic

anesthesiology knowledge system, interacts
with interns, promotes knowledge absorption
and memory, and improves learning effects. It
guides interns' skill operations through videos,
pictures, etc., and enhances practical operation
capabilities. This study shows that before
learning, there was no statistically significant
difference in theoretical scores, skill scores, and
case analysis scores between the two groups.
After learning, the theoretical scores, skill
scores, and case analysis scores of the study
group were higher than those of the control
group, indicating that MED·SMART-AI
significantly improved the interns' academic
performance, which is similar to the report of
Aburumman [8]. In addition to a large amount
of detailed clinical medical knowledge, the
MED·SMART-AI model has also deeply
learned anesthesiology professional knowledge,
the latest medical literature knowledge, etc.,
which can provide interns with the ability to
answer questions and solve doubts, and quickly
improve the level of anesthesia medical theory.
It also provides rich simulated anesthesia
scenarios and skill operation videos, pictures,
etc. [9] to help interns master the essentials of
anesthesia skill operations and improve their
skill operation level; it provides simulated
surgical patients with different ASA
classifications, guides interns on how to conduct
preoperative anesthesia assessment and visits,
do a good job in intraoperative anesthesia
quality control, and deal with abnormal
conditions and anesthesia complications in a
targeted manner to improve case analysis
capabilities. MED·SMART-AI forms learning
trajectory data based on interaction with interns,
intelligently assesses the status of the
knowledge structure, automatically proposes
personalized optimal learning strategies, and
answers interns' corresponding questions in a
targeted, comprehensive, and detailed manner
[10], assisting interns in mastering the
theoretical knowledge of anesthesia medicine,
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providing realistic anatomical maps and 3D
videos, helping interns master skill operation
knowledge, and improving learning effects. In
addition, MED·SMART-AI continues to expand
the corpus and uses incremental learning to
update the model, adapting to new knowledge
and new corpus at any time, expanding the
scope of knowledge and extending the depth of
cognition [11], which is conducive to improving
the knowledge level of interns.
Learning initiative is an important driving factor
for interns' clinical practice, prompting interns
to formulate learning plans, establish learning
goals, and choose scientific learning methods
and learning resources to maximize the effect of
the internship. This study shows that before
learning, there was no statistically significant
difference in the scores of information ability,
self-management ability, and learning
cooperation ability between the two groups.
After learning, the scores of information ability,
self-management ability, and learning
cooperation ability of the study group were
higher than those of the control group,
suggesting that MED·SMART-AI improves the
learning initiative of interns. MED·SMART-AI
changes the previous "search questions"
learning method and realizes the learning mode
of real-time interactive question and answer
with interns. It can also provide functions such
as literature translation and auxiliary reading to
improve interns' ability to obtain information;
with the help of powerful language processing
capabilities, it provides personalized answers
according to questions, assists interns in
formulating learning plans, optimizing learning
programs, enhancing time management,
improving decision-making capabilities, and
clinical thinking skills [12]; it provides rich
learning materials, such as instant videos, 3D
pictures, virtual case materials, and the latest
medical guidelines or expert consensus, to
enhance learning interest and motivation [13].
MED·SMART-AI changes the learning style of
interns, provides individualized and interesting
learning paths, simulation technology and
simulated scenarios quickly improve skill levels,
and timely updated medical knowledge
broadens the learning horizon, improving the
learning initiative of interns in multiple aspects.
Self-evaluation is a subjective evaluation of
interns' overall learning status during the
learning process. It has the characteristics of
immediacy, repetition, and flexibility, and is an

effective indicator reflecting the overall learning
performance of interns. This study shows that
before learning, there was no statistically
significant difference in the scores of learning
ability, doctor-patient communication ability,
literature retrieval ability, scientific research
innovation ability, and self-confidence between
the two groups. After learning, the scores of
learning ability, doctor-patient communication
ability, literature retrieval ability, scientific
research innovation ability, and self-confidence
of the study group were higher than those of the
control group, indicating that MED·SMART-AI
improved self-evaluation. The reason for this is
that MED·SMART-AI has the following
advantages: ① It provides intelligent test
exercises and examinations. According to the
learning characteristics of interns, it
automatically generates practice questions and
more difficult examination papers that meet the
current scores, intelligently marks papers,
generates score reports and evaluation results,
and promotes interns to improve their learning
in a targeted manner; ② Based on data analysis
and sequence item execution programs, it
intelligently generates classroom or stage
learning evaluations, promptly discovers
learning problems, and provides targeted
training and exercises; ③ The knowledge
structure contains a large amount of literature
data content. Powerful search and literature
knowledge acquisition capabilities enable
interns to continuously improve their literature
retrieval capabilities, and provide literature
evaluation, subtly improving interns' literature
evaluation level [14]; ④ AI technology and
interdisciplinary thinking help interns analyze
data, discover cutting-edge hotspots in
professional development, critically think about
clinical problems, etc., personalized improve
scientific research and innovation capabilities,
and improve communication skills with patients
through virtual simulation of clinical scenarios,
effectively handle doctor-patient relationships,
and enhance interns' self-confidence.
Although MED·SMART-AI is intelligent and
can assist junior anesthesiologists in
preoperative visits [15], it lacks humanistic care,
has ethical risks [16], and may be used
dishonestly [17]. Interns may rely too much on
MED·SMART-AI for learning, which affects
the overall and systematic nature of medicine,
and is not conducive to teacher-student
communication, leading to teachers lacking
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accurate judgment of interns. In addition, this
study has a small sample size and a short
research period, and further research is needed
for clinical teaching.
In summary, MED·SMART-AI for
undergraduate clinical anesthesia teaching
significantly improves interns' academic
performance, enhances learning initiative, and
improves self-evaluation. It is worthy of
promotion and in-depth research in clinical
teaching.
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