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Abstract

Background: Clinical operative skills training is a critical component of preclinical education for dental students. Although
technology-assisted instruction, such as virtual reality and simulators, is increasingly being integrated, direct guidance from
instructors remains the cornerstone of skill development. ChatGPT, an advanced conversational artificial intelligence model
developed by OpenAI, is gradually being used in medical education.

Objective: This study aimed to compare the effects of ChatGPT-assisted skill learning on performance, cognitive load,
self-efficacy, learning motivation, and spatial ability, with the aim of evaluating the potential of ChatGPT in clinical operative
skills education.

Methods: In this study, 187 undergraduate dental students recruited from a first-class university in China were randomly divided
into a ChatGPT group and a blank control group. Among them, the control group used videos for skill acquisition, and the
ChatGPT group used ChatGPT in addition to the videos. After 1 week of intervention, skills were tested using desktop virtual
reality, and cognitive load was measured by recording changes in pupil diameter with an eye tracker. In addition, a spatial ability
test was administered to analyze the effect of ChatGPT on those with different spatial abilities. Finally, a questionnaire was also
used to assess cognitive load and self-efficacy during the learning process.

Results: A total of 192 dental undergraduates from a top-tier Chinese university were initially recruited for the experiment by
October 25, 2024. Following eye-tracking calibration procedures, 5 participants were excluded, resulting in 187 eligible students
successfully completing the experimental protocol by November 2, 2024. Following a short-term intervention administered
through randomized allocation, superior performance (ChatGPT group: mean 73.12, SD 10.06; control group: mean 65.54, SD
12.48; P<.001) was observed among participants in the ChatGPT group, along with higher levels of self-efficacy (P=.04) and
learning motivation (P=.02). In addition, cognitive load was lower in the ChatGPT group according to eye-tracking measures
(ChatGPT group: mean 0.137, SD 0.036; control group: mean 0.312, SD 0.032; P<.001). The analysis of the learning performance
of participants with different spatial abilities in the 2 modalities showed that compared to the learners with high spatial abilities
(ChatGPT group: mean 76.58, SD 9.23; control group: mean 73.89, SD 11.75; P=.22), those with low spatial abilities (ChatGPT
group: mean 70.20, SD 10.71; control group: mean 55.41, SD 13.31; P<.001) were more positively influenced by ChatGPT.
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Conclusions: ChatGPT has performed outstandingly in assisting dental skill learning, and the study supports the integration of
ChatGPT into skills teaching and provides new ideas for modernizing skill teaching.

Trial Registration: ClinicalTrials.gov NCT06942130；https://clinicaltrials.gov/study/NCT06942130

(J Med Internet Res 2025;27:e68538) doi: 10.2196/68538
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Introduction

ChatGPT, developed by OpenAI, is a powerful artificial
intelligence (AI) language model based on the GPT architecture
designed to generate human-like text and engage in conversation
[1-3]. It uses advanced deep learning techniques to understand
various cues and respond with contextually relevant and
coherent language [4,5]. Since its release, ChatGPT has been
well received and multiple applications have been developed
that integrate its chatbot capabilities. Many studies have reported
on the potential of ChatGPT for passing examinations [1],
learning anatomy, and understanding emerging trends [6,7],
making it an important tool in areas such as medical education.

The core of skills education is to enable students to master
clinical skills, such as dental restoration, periodontal treatment,
and surgical procedures, through hands-on practice [8]. This
hands-on approach allows students to apply theoretical
knowledge to real cases [9]. Before engaging in actual clinical
practice, students typically undergo training in simulated
environments using traditional dental mannequins [10],
3D-printed models [11,12], and virtual reality (VR) technologies
[13,14]. This training provides a risk-free setting where students
can practice repeatedly until they achieve proficiency. Given
the varying learning paces and skill levels among students, skills
education often involves small-group teaching or one-on-one
mentoring. Instructors tailor their guidance to students’
individual needs to ensure that each one attains the necessary
clinical competence. However, this approach demands
significant instructional resources.

Research has shown that ChatGPT can assist students in
reviewing key concepts, reinforcing theoretical knowledge
[1,15], and simulating clinical scenarios to enhance clinical
reasoning [16]. This raises the question whether ChatGPT could
also serve as an instructor in skills training. We found that the
potential of ChatGPT for dental kills education remains
unknown.

In addition, given the limited working space in oral procedures,
fine motor skills and high spatial ability are crucial for mastering
technical skills [17,18]. Instructional practitioners also need to
incorporate Cognitive Load Theory [19,20] and the Control
Value Theory of Achievement Emotions [21] into their
instructional design; the former emphasizes minimizing the
extraneous cognitive load, providing appropriate learning
content for a given learner, and sparing sufficient working
memory capacity for the germane cognitive load [22-26]. The
latter highlights the importance of emotions which includes
self-efficacy and motivation in academic achievements [27-29].

In this randomized controlled trial, we integrated ChatGPT into
skill education and subsequently assessed the effectiveness of
skill acquisition using high-fidelity desktop VR simulations.
The investigation further evaluated the impacts of spatial ability,
cognitive load, learning motivation, and self-efficacy. Hence,
this study aims to investigate the potential value-added effects
of a ChatGPT-integrated pedagogical framework on operative
skill training in dental education, thereby providing
evidence-based foundations for innovating dental education
systems in the artificial intelligence era.

Methods

Recruitment
This study recruited 192 dentistry students (female: n=98,
51.04%; male: n=94, 48.96%) from a first-class university. In
China, the dental medicine curriculum during the first 3 years
of university focuses on foundational medical sciences and basic
clinical medicine, with the aim of progressively developing
clinical reasoning skills. In the fourth and fifth years, students
transition to systematic instruction encompassing both
theoretical knowledge and clinical skills in core dental
disciplines. Therefore, participants in the study were in their
fourth or fifth years of a 5-year dental education program and
had received theoretical knowledge in courses. They ranged in
age from 20 to 25 years, with an average age of 22.53 (SD 1.47)
years. All participants’ visual acuity was normal or had been
corrected to be normal.

Procedure
Before the study, participants were calibrated for eye tracking
using the 9-point method, and those who did not meet the
calibration standards were excluded. Participants who met the
inclusion criteria were randomly assigned to a
ChatGPT-3.5–assisted learning group and a blank control group
using the sealed envelope method to minimize systematic bias.
The control group used videos for skill acquisition, while the
ChatGPT group supplemented video learning with ChatGPT-3.5
as an additional learning tool. Following the completion of
pretest questionnaires assessing theoretical knowledge, spatial
ability, motivation, and self-efficacy, participants began a
1-week skill acquisition period. Subsequently, both groups were
assessed on their skills using desktop VR (Zhonghui), and eye
movement data were collected using an aSee eye-tracking device
(EVERLOYAL). Data collection was conducted in a digital
classroom with illumination levels maintained between 100 and
130 lux. Participants’ motivation and self-efficacy were also
recorded.
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ChatGPT
Although ChatGPT version 4.0 offers advantages such as
enhanced comprehension, reasoning, and accuracy compared
with version 3.5, the free version 3.5 (Figure 1) was used in this
experiment due to its cost. Given that a recent study indicates
nearly all faculty and students in Chinese universities have
previous experience with generative AI tools, this study did not
assess participants’ previous exposure to ChatGPT [30].

However, standardized operational guidelines were distributed
to the ChatGPT group via group messaging platforms before
the study to ensure familiarity and proficiency with the
technology. During the skill learning period, the ChatGPT group
was allowed to use ChatGPT to address doubts that arose during
the operation process, verify the correctness of the procedures,
and provide additional guidance as needed (Multimedia
Appendix 1).

Figure 1. ChatGPT interface.
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Eye-Tracking Equipment and Software for Detecting
Cognitive Load
Eye movements were monitored using the aSee eye-tracker
(Multimedia Appendix 2) at a sampling rate of 60 Hz, tracking
both eyes. Before the experiment, the participant’s position was
calibrated to ensure that the distance between the screens and
eyes was approximately 70 cm and participants were told they
could move their head freely but not too much during the
experiment. aSee eye-tracker was applied to collect and analyze
the eye movement data.

Theoretical Knowledge Test
A comprehensive knowledge test was formulated to assess
participants’ theoretical understanding of the surgery

(Multimedia Appendix 3). The test comprised 10
multiple-choice questions, and the content validity of these
questions had been rigorously examined by experts, ensuring
the relevance and appropriateness of the test content, and experts
recommended the test be completed in 10 minutes. With each
question scored out of 10, the total test score ranges from 0 to
100.

Operational Test
At the end of the experiments, participants were asked to
complete an operational test in desktop VR within 15 minutes
(Figure 2). Operational test scores are automatically generated
by the VR, which avoids the influence of subjective factors on
test results.

Figure 2. Virtual reality equipment.

Spatial Ability Test

The Purdue Spatial Visualization Test
The Purdue Spatial Visualization Test: Rotations, developed
by Roland Guay, was used to gauge the spatial ability of
participants. It consists of 30 questions designed to assess
participants’ ability to mentally rotate a 3D object. Guay
recommended a time limit of 20 minutes to complete the test.
The total score is 30 points with 1 point per question.
Participants were then divided into groups based on their spatial
ability, using the median as a distinction between those with
high spatial ability and those with low spatial ability.

Learning Motivation and Self-Efficacy
To assess students’ learning motivation and self-efficacy, this
study used questionnaires that have been widely investigated
in dental, medical, and nursing practice. The questionnaire
contains 5 items focusing on the motivation domain and 5 items
focusing on self-efficacy. Each item was coded according to a
5-point Likert rating scale (1=“strongly disagree,” 2=“disagree,”
3=“neutral,” 4=“agree,” and 5=“strongly agree”). The
corresponding Cronbach α values were 0.76 and 0.73, indicating
satisfactory internal consistency. Validity was censored by
experts in medical education. All participants were requested
to complete the questionnaire both before and after the
experiment, with a time allocation of 10 minutes for this task.

J Med Internet Res 2025 | vol. 27 | e68538 | p. 4https://www.jmir.org/2025/1/e68538
(page number not for citation purposes)

Huang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Statistical Analysis
An independent samples t test was used to determine the
difference in performance and spatial ability, while the
Mann-Whitney U test was used to compare the scores of
self-efficacy and learning motivation. The raw pupil diameter
data were extracted to measure cognitive load. For further signal
processing, data points labeled as a blink and 50 milliseconds
before and after these points were removed since eyelid
movement during these periods might distort pupil diameter.

MATLAB programming (MathWorks) was used to eliminate
the fluctuations in pupil size to obtain a smooth curve of pupil
size change over time, as depicted in Figure 3. In the analysis
of pupil diameter variations during learning, this study calculated
the median pupil sizes at the beginning of learning which was
marked as the baseline, and the overall median pupil sizes during
the learning process separately. The preference for the median
over the mean was driven by the former’s greater robustness
toward noise and outliers.

Figure 3. Smoothed pupil diameter.

Ethical Considerations
The trial protocol followed the CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile Health Applications and Online Telehealth; version
1.6.1) checklist (Multimedia Appendix 4) [31]. Informed consent
was obtained from all participants and the study was approved
by the ethics committee of the School and Hospital of
Stomatology, Wuhan University (WDKQ2024-034) before it
was conducted.

Results

Overview
The research results include the distribution of participants,
knowledge test scores, operational test scores, and change in

pupil diameter, which is used to measure the cognitive load,
spatial ability test, learning motivation, and self-efficacy.

Distribution of Participants
During the eye-tracking calibration, 5 participants were excluded
because they did not pass through the calibration. Thus, during
the eye-tracking calibration, 94 students were randomly assigned
to the ChatGPT group and 93 to the control group. The sex
distribution was balanced, with 50.80% of female participants
(26.2% in the ChatGPT group and 24.6% in the control group)
and 49.20% of male participants (24.06% in ChatGPT the group
and 25.13% in the control group), ensuring a representative
sample. The detailed experimental procedure is illustrated in
Figure 4.
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Figure 4. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. VR: virtual reality.

Theoretical Knowledge Test and Operational Test
Scores
This paper presents a comparative analysis between the
ChatGPT group and the blank control group in terms of
theoretical knowledge and operational performance.
Shapiro-Wilk tests were used to assess the normality of the data,
which showed that the data in both groups followed a normal
distribution. Due to the normality, t tests were performed to
determine significant differences.

The results (Table 1) showed that there was no statistically
significant difference in the theoretical knowledge test scores
between the 2 groups (t185=0.649, P=.52), suggesting that the
participants’knowledge levels before learning operations in the
2 groups were comparable. However, the t test for operation
performance revealed a statistically significant difference
(t176.241=4.569, P<.001), indicating that the learning modes
exerted an impact on operation learning. Specifically, the
ChatGPT group exhibited a significant advantage over the
video-only group in the operation training. It is noteworthy that
all statistical tests were conducted at the α=.05 significance.

Table 1. The comparisons of 2 tests between ChatGPT and the control group.

P valuet test (df)Knowledge test score, mean (SD)Test

ControlChatGPT

.520.649 (185)42.03 (8.34)41.24 (8.19)Theoretical

<.0014.569 (176.241)65.54 (12.48)73.12 (10.06)Operation

Cognitive Load
To access and compare the cognitive load experienced by the
participants during the learning, changes in the participants’
pupil diameters were analyzed. Preliminary screening of the
data confirmed that they followed a normal distribution. Figure
5 shows the mean increase in pupil diameter from baseline. An
independent samples t test was performed to determine the

statistical significance of the changes in pupil size. The results
of the t test (P<.001), performed at a significance level of α=.05,
showed significant differences between the ChatGPT group
(mean 0.137, SD 0.036) and the control group (mean 0.312, SD
0.032). This implies that the cognitive load borne by participants
in the ChatGPT group was significantly lower than that in the
control group.
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Figure 5. Comparison between 2 groups in the change of pupil diameter.

Influence of Spatial Ability Based on Different
Learning Modes
In order to categorize the participants according to their spatial
abilities, the median was taken as the boundary. Table 2 provides
an insight into the distribution and operational performance of
participants with varying spatial abilities. In terms of the
theoretical knowledge test, no statistically significant differences
were found between the two modes, irrespective of whether
participants belonged to high (t92=0.689, P=.49) or low

(t91=0.764, P=.45) spatial ability groups. The independent
samples t test, as presented in Table 2, indicated that there was
no compelling evidence to support the notion that learning mode
had a different impact on high spatial ability learners, However,
for low spatial ability learners, the t test results indicated a
statistically significant impact of the learning mode. With regard
to those with low spatial abilities, the operational scores
achieved by the ChatGPT group (mean 70.20, SD 10.71) were
found to be higher than those attained by the control group
(mean 55.41, SD 13.31).

Table 2. Distribution and t test for operational performance in different learning modes among high and low spatial ability learners.

P valuet test (df)Operational performance score,
mean (SD)

Participants, nSpatial ability and mode

.221.23 (92)High

76.58 (9.23)43ChatGPT

73.89 (11.75)51Control

＜.0015.94 (91)Low

70.20 (10.71)51ChatGPT

55.41 (13.31)42Control

Learning Motivation and Self-Efficacy
Given that learning motivation and self-efficacy scores were
not normally distributed, the Mann-Whitney U test was used to
analyze the differences between the pretest and posttest scores
for ChatGPT and the control group respectively. Furthermore,
this study further compared the scores between the 2 groups.
Figure 6 demonstrates that, at the outset of the study, there was
no evidence to suggest that there were any differences in

learning motivation (Z=0.31, P=.76) and self-efficacy (Z=0.69,
P=.48) between the 2 groups before the intervention.
Nevertheless, it is notable that the posttest scores for learning
motivation and self-efficacy differed from the pretest scores,
irrespective of whether the learners were in the ChatGPT or
control group. Furthermore, in comparison to the control group,
the ChatGPT group exhibited higher posttest scores for both
learning motivation (Z=2.32, P=.02) and self-efficacy (Z=2.03,
P=.04).
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Figure 6. Motivation and self-efficacy pretest and posttest scores.

Discussion

Principal Findings
The study revealed that incorporating ChatGPT-3.5 as a tutor
resulted in markedly elevated performance scores in skill
assessments compared with using videos in isolation. This
discrepancy was particularly pronounced among students with
lower spatial abilities. In addition, the use of ChatGPT-3.5 was
shown to reduce cognitive load, enhance self-efficacy, and boost
learning motivation. These findings provide robust evidence
supporting the use of ChatGPT-3.5 as a valuable tool in skill
training and offer insights for the design of educational
programs.

Our investigation builds on previous studies that have identified
the potential of ChatGPT in medical education. A recent study
demonstrated that ChatGPT exhibited exemplary performance
in both the immediate and long-term contexts of orthopedic
teaching for undergraduate students [1]. In the field of dental
education, extant research indicates that ChatGPT demonstrates
satisfactory performance across a range of dental assessment
types [32,33]. However, these studies have primarily focused
on theoretical knowledge. Our findings further reveal that
ChatGPT exhibits comparable exciting potential in skills-based
education. Compared with traditional dental education, ChatGPT
offers personalized learning content and feedback tailored to
individual student needs, helping students acquire skills more
effectively. In addition, ChatGPT provides real-time feedback
and answers to student queries, thereby enhancing the efficiency
of the learning process [34]. It also alleviates the strain on
teaching resources and offers greater flexibility in skill training
schedules.

Changes in pupil diameter during task performance have been
used to infer variations in cognitive load. A previous study
applied this method to measure cognitive load differences
between experts and students while examining dental

radiographs [35]. In line with this approach, this study used
eye-tracking technology to record pupil diameter changes from
baseline. The results indicated that participants in the
ChatGPT-assisted group exhibited smaller changes in pupil
diameter, suggesting a reduction in cognitive load. This decrease
can be attributed to ChatGPT’s ability to address challenging
points in the skill-learning process. These findings not only
validate the efficacy of ChatGPT in reducing cognitive load but
also highlight its potential as a pedagogical tool that fosters a
smoother and more relaxed learning experience.

Emerging evidence indicates the varied performance of AI
models in spatial relations–related topics. Previous studies
evaluating ChatGPT on Geographic Information Systems
examinations demonstrated its capacity to achieve passing scores
in spatial analysis, spatial statistics, and interpolation tasks [36].
Furthermore, generative AI systems including ChatGPT-3.5
have shown nascent potential in executing basic spatial queries
[37]. However, limitations persist, as evidenced by its
suboptimal performance in robot programming scenarios
requiring complex 3D spatial reasoning and nuanced
understanding of spatial relationships [38]. Nevertheless, there
is no research on the topic of the spatial relations related topics
between ChatGPT and medical skill learning, and this study
provides a preliminary exploration of this component.

Previous research has demonstrated a significant yet modest
positive correlation between spatial ability measured by the
Purdue Spatial Visualization Test: Rotations and performance
in dental anatomy assessments [39]. Furthermore, studies using
other spatial ability assessments, such as the mental rotations
test, visualization of views test, and visualization of rotation
test, have consistently shown that students with higher spatial
aptitude achieve superior performance in endodontics [40],
radiology [41], anatomy [42], and prosthodontics [43]. The
convergent validity of these findings across diverse spatial
ability metrics and dental subdisciplines suggests that spatial
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ability may serve as a foundational competency in skill
acquisition. This study delves into the impact of spatial ability
on learning outcomes under different instructional modes,
revealing the interaction between spatial ability and teaching
methods. The findings indicate that ChatGPT-assisted instruction
significantly enhances learning outcomes for learners with lower
spatial ability. However, no significant difference was observed
between the 2 instructional modes for learners with higher
spatial ability. Cognitive load theory provides a framework for
understanding these results. Given the limited capacity of
working memory to process information simultaneously, learners
with lower spatial ability in the control group experienced
cognitive load beyond their cognitive resources [20]. In contrast,
learners with higher spatial ability could activate preconstructed
schemas based on 2D images, thus reducing the demand on
working memory [20,44]. ChatGPT, by offering clear
explanations and guidance, helps learners with lower spatial
ability better comprehend complex skills or concepts, thereby
alleviating cognitive load and improving their learning
outcomes.

Besides, the findings of this study indicate that participants in
both learning modes experienced improvements in learning
motivation and self-efficacy, with ChatGPT-assisted learning
demonstrating a particularly pronounced capacity to facilitate
these outcomes. Previous studies also support this view [45].
A thematic analysis of interviews with higher education experts
indicated that the personalized feedback and support provided
by ChatGPT can assist students in setting and achieving goals,
reflecting on their progress, and enhancing noncognitive skills
such as motivation and self-efficacy [46,47].

As an auxiliary tool in medical education, ChatGPT is currently
considered a double-edged sword by many scholars [3,48]. On
one hand, it may impede the development of students’ critical
thinking and independent learning abilities and potentially
encourage academic dishonesty [3,49-52]. However, when
applied to skill training, ChatGPT displays considerable promise.
It is capable of providing tailored assistance and feedback in
response to the learner’s progress, offering technical guidance
and confirmation of procedural steps [53]. This aids in the
comprehension of complex skills, such as tooth preparation,
periodontal scaling, and impacted tooth extraction [7].

Furthermore, it diminishes cognitive load during the learning
process, enhancing both learning motivation and self-efficacy.
Therefore, dental educators must not choke on their knowledge
but rather set a new standard for teaching methods and
assessment to keep up with the times.

Limitations
First, it is important to recognize that ChatGPT has some
inherent limitation types, although ChatGPT is trained on big
data, there is a possibility that the training data may be
inherently biased or there may be errors in the training process,
which leads to the accuracy and reliability of the information
provided will also be affected [54]. During the skill learning
process, individuals will have their distinctive queries, so for
this study checking the accuracy of the answers to the ChatGPT
responses was difficult. Second, this study was conducted using
the free version of ChatGPT-3.5, and more research is needed
to explore whether ChatGPT-4.0 would be more advantageous
in aiding skill instruction [55]. Besides, the study compares
ChatGPT with a blank control group based on videos, and
further research is required to investigate the detailed strengths
and weaknesses of ChatGPT in comparison to other methods.

Conclusions
This study sought to ascertain whether the supplementary use
of ChatGPT-3.5 is more effective for mastering basic oral skills
operations among dental students compared with videos alone
in terms of manipulative performance, cognitive load, spatial
ability, and emotions. The study used desktop VR for skill
testing and the results showed that students with the assistance
of ChatGPT performed better. Eye-tracking technology was
used to record the visual behaviors, and the results revealed that
participants in the ChatGPT-3.5 group experienced reduced
cognitive load. The interaction analysis highlighted learners
with low spatial ability derived greater benefits from the
ChatGPT than those with high spatial ability. In addition, the
questionnaire revealed that learners in the ChatGPT group
demonstrated higher levels of self-efficacy and learning
motivation. In conclusion, the findings of this study contribute
to recognizing the potential of ChatGPT in dental skills
education.
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