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Abstract
Aim

This study evaluated the effectiveness of a multi-module Al-assisted teaching cloud platform in medical
biochemistry education.

Background

Biochemistry is a core medical course characterized by abstract, knowledge-dense content that
challenges traditional teaching. Empirical evidence on systematically integrating multiple Al interaction
modules within a complete biochemistry course remains limited.

Methods

A 20-week controlled experiment was conducted with 151 eight-year clinical medicine students,
assigned to an Al platform group (n = 69, using the Chaoxing Al platform with Basic Learning, Case
Discussion, Virtual Practice, and Comprehensive Assessment modules) or a control group (n = 82, using
traditional tools). Final exam scores, higher-order thinking question performance, delayed post-test (6
weeks post-course) for knowledge retention, platform usage data, and questionnaire responses were
collected and analyzed.

Results

The Al group significantly outperformed the control group on higher-order thinking questions (7.52 + 0.78
vs. 5.95%0.99, p =0.015). Platform usage time positively correlated with final scores (R =0.4082, p <
0.0001), but no significant group difference emerged in knowledge retention (65.75+13.05vs. 63.24 +
13.42). Although 77.78% of teachers agreed the platform enriched teaching, 55.56% disagreed it reduced
their workload.

Conclusions

The Al platform enhances higher-order thinking but does not boost basic knowledge retention or reduce
teacher burden. Future optimization should target personalized algorithms and teacher training to
improve human-computer collaboration.

1. Introduction
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Biochemistry, as a core foundational course in medical education, is characterized by abstract content,
strong logical coherence, and high knowledge density, making it a persistent challenge in teaching.
Traditional instructional models face ongoing difficulties in enhancing learning efficiency, promoting
deep knowledge internalization, and achieving personalized instruction. In recent years, the rapid
advancement of artificial intelligence (Al) technology has brought transformative opportunities to
medical education [1]. Research indicates that Al-assisted teaching demonstrates significant
advantages in reinforcing the learning process, improving knowledge retention (the testing effect),
enabling precise curriculum mapping and dynamic management, and supporting personalized learning
pathways with immediate feedback. For instance, the empirical study by Schneider et al provided robust
evidence for the "testing effect," demonstrating that active retrieval practice (answering questions)
paired with instructional videos during the pre-class phase of a flipped classroom promotes knowledge
understanding and long-term memory more effectively than passive reading [2]. Al platforms can
seamlessly integrate this mechanism. By automating the generation, distribution, grading, and formative
assessment of exercises, they can normalize and personalize "learning through testing,’ thereby
addressing the challenge of easily forgotten biochemical knowledge points. Furthermore, the "Twelve
Tips" for curriculum design proposed by Raskob et al reveal Al's strong capability in constructing
teaching knowledge graphs, linking learning objectives with assessments, and rapidly identifying content
gaps within a curriculum, which helps ensure alignment between instruction and evaluation [3]. More
importantly, by analyzing student learning behaviors and assessment data, Al can outline individual
knowledge mastery profiles. Combined with intelligent Q&A bots providing instant support, this moves
beyond a "one-size-fits-all" teaching model, creating possibilities for personalized learning [4].

The application of Al in medical education has expanded to multiple domains. In disciplines such as
clinical skills training, anatomy, and pathology, Al tools based on virtual reality, augmented reality, or
adaptive learning systems have been proven effective in enhancing operational skills, spatial
understanding, and diagnostic thinking [5]. However, in the teaching of biochemistry—particularly core
modules like metabolism, which are highly abstract and mechanistically complex—high-quality empirical
research on how to systematically design and evaluate Al-assisted teaching programs remains relatively
limited [6]. Existing studies predominantly focus on clinical skills training or single instructional phases
(pre-class self-study, post-class adaptive practice). There is a lack of research within a complete course
system that systematically integrates multiple Al interaction modules and compares their differential
effects. Simultaneously, the actual impact of Al-assisted teaching on both teachers and students
remains unclear. First, its long-term instructional effectiveness, especially advantages in graduation
examinations, licensing exams, and long-term knowledge retention, requires more evidence. Second,
determining which Al interaction forms (Basic Learning, Case Discussion, Virtual Practice,
Comprehensive Assessment) are most suitable for biochemistry learning and teaching needs further in-
depth investigation. Finally, whether Al application can genuinely reduce teachers' workload—rather than
increase their hidden labor—while maintaining or even enhancing teaching effectiveness still lacks
quantitative analysis. This is crucial for optimizing the teacher's role and enabling them to focus on
higher-value teaching activities, such as personalized tutoring and pedagogical research.
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Therefore, to address these research gaps, this study conducted a controlled teaching experiment
aiming to systematically evaluate the application effectiveness of a multi-module, Al-assisted teaching
cloud platform in medical biochemistry education. Specifically, this study aimed to investigate the
following three core questions: 1) Compared with the traditional teaching model, how effective is the Al-
platform assisted teaching in improving student performance (especially higher-order thinking skills)
and long-term knowledge retention? 2) What are the differences in the effectiveness and acceptance by
both teachers and students among the different Al interaction modules (Basic Learning, Case
Discussion, Virtual Practice, Comprehensive Assessment) in practical application? 3) What is the actual
impact of the introduction of the Al platform on teachers' teaching burden and work patterns? The
findings of this study are expected to provide empirical evidence and optimization directions for the in-
depth and effective application of Al in basic medical science disciplines.

2. Methods and Experimental Design

2.1 Experimental Design
Experimental Grouping:

Based on existing teaching class divisions at the Army Medical University, 151 eight-year clinical
medicine program students enrolled in 2024 were assigned to either the experimental group (n = 69) or
the control group (n = 82). A pre-course basic knowledge test confirmed balanced foundational levels
between the groups. Students in the experimental group used the Chaoxing Al Teaching Platform as the
primary auxiliary tool, with each participant having a personal cloud platform login account. The control
group used traditional teaching aids (PPT, textbooks, conventional online resources). Aside from this,
teaching faculty, textbooks, syllabus, and assessment criteria were consistent between the two groups.
The participants were medical students (not patients), the intervention was an Al-assisted teaching
cloud platform, and the measured outcomes were academic performance, higher-order thinking scores,
knowledge retention, and satisfaction questionnaire responses. None of these constitute health or
biological outcomes, which does fall within the ICMJE definition of a clinical trial.

Data Collection:

Data was collected in three aspects throughout the experiment (as shown in Fig. 1): 1) Learning
outcome data, including mid-term test scores at week 12, final exam scores at week 20, and scores from
a retrospective knowledge retention test administered 6 weeks after the course concluded for both
groups; 2) Learning process data, collected exclusively for the experimental group from the Al teaching
platform, including usage frequency, duration, self-test scores, individual semester analysis, and
preferences for different modules; 3) In-class performance rates, each students’ attendance, interaction,
and accuracy in answering questions during every class session are recorded in real time as their in-
class performance rate.; 4) Teacher and student experience ratings and suggestions, collected via
questionnaires from both students and teachers in both groups at the end of the course, covering
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satisfaction with the entire teaching process/platform use, perceived teaching load, and subjective
suggestions. The details of all the questionnaires were attached on the Supplementary File 1.

2.2 Organization of Course Content

Following the knowledge system of biochemistry, the teaching content was divided into three modules
based upon our previous teaching organization [7]: the Molecular Basis of Life (biological
macromolecules, enzyme kinetics), the Basis of Material Metabolism (carbohydrate metabolism, lipid
metabolism, amino acid metabolism, biological oxidation, metabolism of non-nutrient substances), and
the Interaction Between Life and Its Periphery (fundamentals of molecular biology, cell signal
transduction). Both teaching groups underwent 20 weeks of instruction, totaling 140 credit hours. The Al
teaching platform integrated an intelligent teaching assistant Q&A system, knowledge graphs with online
video explanations, virtual practice with standardized patient consultations, and adaptive exercise
generation. Without increasing the total teaching hours, it enhanced in-class online interaction and
provided real-time statistics on student participation. The control group employed methods such as
centralized Q&A sessions, distribution of teaching key-point outlines, traditional offline case discussions,
and periodic in-class tests.

2.3 Application Design of the Functional Modules in the
Chaoxing Learning Al Application Platform

The Chaoxing Learning Platform (https://app.chaoxing.com) is an Al-enhanced smart teaching
environment built upon the DeepSeek large language model [8]. It integrates over 35 Al teaching
applications via the Fanya Smart Course Platform, providing three core frameworks: exclusive intelligent
agents, knowledge graphs, and an Al Workbench. The usage framework includes: 1) Establishing a
knowledge base for each course to train a dedicated intelligent agent; 2) Constructing knowledge graphs
to structure knowledge points and personalize learning paths; 3) Integrating over 30 application
scenarios—such as intelligent exercise generation, lesson plan creation, and automated assignment
grading—through the Al Workbench, covering the entire "teaching, learning, research, and assessment"
process.

Based on the Chaoxing Learning Platform, the teaching team designed a complete Al-empowerment
workflow comprising four segments: Basic Learning, Case Discussion, Virtual Practice, and
Comprehensive Assessment. The application forms of each module differ for students and teachers
(see Fig. 2):

1) Basic Learning Module: Students can learn via knowledge graphs, links to digitized textbooks, and
online video explanations. Teachers, by reviewing platform backend data on students' knowledge point
click frequency, textbook note indexing, and questions raised during video watching, can preliminarily
analyze students' learning status and key areas of focus. This provides evidence for adjusting the
emphasis of in-class teaching on difficult points.
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2) Case Discussion Module: Students use the platform's teaching assistant to index background
information for cases assigned in advance by the teacher and to summarize discussions with group
members promptly, thereby improving the efficiency of pre-class/in-class seminars. Teachers can utilize
keyword cloud extraction and thematic guidance from the Al assistant to promptly grasp the key terms
of student discussions and provide corrective guidance when necessary, ensuring the seminar content
remains closely aligned with the teaching objectives.

3) Virtual Practice Module: Students either complete "research task-driven exploration" and
"standardized patient simulated consultations" via Al practice, or they can self-assemble tests by
selecting knowledge points. Based on pre-established scoring criteria and relevant knowledge points,
teachers have the Al assistant grade each student participating in the virtual practice. This provides
materials for teachers to comprehensively assess students' mastery of basic theory, knowledge, and
skills, and to offer personalized follow-up learning suggestions.

4) Comprehensive Assessment Module: The cloud platform scores each student across three
dimensions—class participation activity, knowledge point mastery, and innovative assignment evaluation
—based on assessment parameters (check-in frequency, platform usage duration, discussion
contribution frequency, in-class quiz accuracy, learning knowledge coverage). Each student can only view
their own scores. Teachers, by collecting backend statistics of the scores across these three
dimensions, can monitor the in-class/after-class learning status of the teaching cohort in real-time,
focus on struggling students and weak knowledge points, promptly collect and archive students'
innovative work during the learning period, and provide a basis for assigning innovation credits and
evaluating Grade Point Average (GPAs) for each student.

2.4 Assessment of Learning Outcomes and Learning
Process

For assessing learning outcomes, we collected the formative assessment scores (mid-term and final
exams) of both groups and conducted an in-depth comparative analysis of higher-order thinking
questions (comprehensive application questions). Additionally, a basic knowledge retention test was
administered 6 weeks after the semester ended, and the scores of both groups were collected and
compared. For assessing the learning process, the control group's grades were composed of (usual
performance, seminar performance), primarily assigned directly by the instructor. The grades for
students in the Al platform group were composed of (class participation activity, knowledge point
mastery, innovative assignment evaluation), scored directly by the platform based on students' learning
habits and knowledge mastery.

2.5 Assessment of Experience and Attitudes Towards the
Al Learning Platform

Upon course completion, feedback from students and teachers was collected via questionnaire surveys
(using a 5-point Likert scale), covering satisfaction and frequency of use. For the satisfaction items,
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scores 1-5 respectively represented: 1: Strongly Dissatisfied; 2: Dissatisfied; 3: Neutral; 4: Satisfied; 5:
Strongly Satisfied. For the frequency of use items, scores 1-5 respectively represented: 1: Unwilling to
use; 2: Hardly ever use; 3: Use passively; 4. Occasionally use proactively; 5: Frequently use proactively.
Additionally, anonymous comments were collected regarding students' learning experiences, difficulties,
gains, and suggestions for improvement during their use of the Al platform.

2.6 Data Presentation and Analysis

For data such as GPAs and usage duration, descriptive statistics were presented as the mean and
standard deviation for each variable. For the questionnaire survey (5-point Likert scale), results were
presented as percentage bar chart. For personalized comments and suggestions, keywords were
extracted and sorted by frequency, with the most frequently mentioned opinions and suggestions
highlighted. For between-group comparisons, an independent samples t-test was used. The relationship
between platform usage frequency and academic performance was analyzed using correlation analysis.

3. Results

3.1 The four Al-empowered teaching modules demonstrated different usage frequencies and
satisfaction levels among students and teachers.

The four core teaching modules designed for this study—Basic Learning, Case Discussion, Virtual
Practice, and Comprehensive Assessment—exhibited differentiated satisfaction levels and active usage
tendencies during application. In Fig. 3, quantitative analysis of student surveys revealed that the item
"4.2 Analysis of knowledge point mastery and self-assessment exercises" within the "4.0 Comprehensive
Assessment" module had the highest weekly average access duration (26.54 + 15.45 min). The overall
usage proportion of the "Comprehensive Assessment" module (35.91 min,43.58%) was also significantly
higher than that of the "Basic Learning (22.32 min, 27.09%)", "Case Discussion (5.87 min, 7.12%)", and
"Virtual Practice (18.3 min, 22.21%)" modules. Post-course satisfaction questionnaire surveys indicated
that student satisfaction was highest for the "Comprehensive Assessment" module (59.42%), particularly
praising its effectiveness in promptly helping students identify knowledge weaknesses. Furthermore, the
"Virtual Practice" module showed a clearly polarized reception. Some students noted in anonymous
comments that activities like "standardized patient simulated consultations" and "research task-driven
explorations" made abstract metabolic pathways (glucose metabolism disorders in diabetic patients,
hepatic encephalopathy, ketoacidosis) vivid and concrete, greatly enhancing the sense of immersion and
accomplishment in learning. However, other students reported that issues during the experience, such
as "information overload provided by the Al, making it easy to lose track of the main investigative thread,"
were key reasons contributing to this module having the highest dissatisfaction rate (23.19%).

As shown in Fig. 4, the teacher group most frequently used the "1.6 In-class check-in and quiz" feature
within the Basic Learning module and the "4.4 Full-coverage learning analysis" feature within the
Comprehensive Assessment module (with weekly average usage counts of 3.11 +0.93 and 3.22 + 2.54,
respectively). Through the back-end data dashboard of the "Comprehensive Assessment" module,
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teachers could access real-time learning analytics dashboards for the entire class and individual
students. For example, after the "Enzyme Kinetics" chapter, a platform-generated report automatically
indicated that 25% of students had a high error rate on exercises related to "allosteric regulation,’
enabling the teacher to conduct a targeted review in the subsequent class. In the "Case Discussion"
module, the word cloud generated by the Al teaching assistant could quickly visualize the key thematic
foci of each group's discussion, helping teachers swiftly grasp students' thinking trajectories and provide
focused guidance. This data-driven approach to teaching decisions was widely recognized by teachers
as enhancing the efficiency and precision of their insight into the learning situation. However, some
teachers also pointed out that the massive volume of behavioral data generated by the "Basic Learning"
module (video pause points, note indexing frequency) and the detailed, per-student knowledge mastery
profiles from the "Comprehensive Assessment"” module, while comprehensive, required additional time
for interpretation, and their direct instructional guidance value needed further exploration. Additionally,
although the Al assistant could autonomously grade online assignments, it required further teacher
confirmation, which conversely increased the teachers' workload. More importantly, adding Al-facilitated
interactive segments in class demanded that teachers invest extra time in designing corresponding
teaching formats and content transitions to ensure the "close alignment of classroom discussion
content with the instruction." These reasons collectively contributed to the suboptimal user experience
reported by teachers.

3.2 The Al platform-empowered teaching model can enrich instructors' teaching methods and enhance
student interaction, but it does not reduce the actual teaching activity burden.

Teacher & Student survey data from Fig. 5A and 5B indicate that 77.78% of teachers agreed that the
platform enriched teaching methodology (Q2), and 77.78% agreed it enhanced classroom interaction
(Q3). However, a majority (55.56%) of teachers disagreed that the platform reduced the teaching burden
(Q1), with only 11.11% in agreement. This is further reflected in the activity analysis (Fig. 5D), where
teachers in the Al group reported spending more time on "Marking and reviewing assignments" (22.22%
in Al'vs. 11.11% in control) and "Writing and updating teaching materials" (18.52% in Al vs. 7.41% in
control). These findings demonstrate a clear dichotomy. The Al platform successfully diversified
instructional methods and fostered interaction, as perceived by teachers. However, it redistributed rather
than reduced their workload. The burden shifted from traditional grading to more demanding tasks like
designing and adapting materials for Al-enhanced activities and managing more complex interactive
sessions, leading to an overall increase in perceived workload.

3.3 In the experimental group, the usage time of the Al platform showed a significant positive correlation
with students' final academic performance.

Figure 6B presents a scatter plot showing the relationship between total platform usage time (hours)
and final course scores. The analysis reveals a statistically significant positive correlation with a Pearson

correlation coefficient of R? = 0.4082 (p < 0.0001). This significant correlation suggests that greater
engagement with the Al platform is associated with better learning outcomes as measured by the final
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exam. It implies that the platform's resources and activities provided meaningful learning benefits.
Notably, Fig. 6A and 6C show there is no clear correlation between platform time and in-class
performance rates, or between in-class performance rates and assessment score.

3.4 Students in the Al platform-empowered experimental group and those in the control group performed
similarly on the biochemistry basic knowledge retention test.

Figure 7A and 7B show the score distributions for the delayed post-test (basic knowledge retention)
taken six weeks after the course. The average score for the Al group was 65.75 + 13.05, while the control
group averaged 63.24 + 13.42. Furthermore, the final score distribution (Fig. 7C), which is heavily
weighted towards core knowledge, was highly similar between groups across all ranges. The lack of a
significant difference in delayed post-test scores indicates that the Al platform did not confer a specific
advantage in the long-term retention of foundational, factual biochemistry knowledge compared to
traditional methods. Both instructional approaches were equally effective (or ineffective) in promoting
the durability of this type of learning.

3.5 Compared to the control group, students in the Al platform-empowered experimental group
performed better on biochemistry higher-order thinking questions.

As shown in Fig. 7D, the experimental (Al) group achieved a significantly higher average score (7.52 +
0.78 out of 10) on comprehensive application questions (a proxy for higher-order thinking) compared to
the control group (5.95 + 0.98). An unpaired t-test confirmed this difference was statistically significant
(p =0.015). This result is a key positive finding. It suggests that the Al platform's interactive modules—
such as virtual practice, case discussions, and adaptive assessments—were particularly effective in
developing students' abilities to apply, analyze, and synthesize knowledge to solve complex problems, a
crucial skill in medical education.

3.6 "Respecting students' autonomy in choosing comfortable learning modes" and "avoiding information
overload" are key aspects that require attention in the future application of Al platforms to biochemistry
teaching.

These two points are explicitly listed among the top four suggestions from students in Fig. 7E. They
emerged from qualitative feedback collected at the end of the course. The prominence of these
suggestions in student feedback highlights critical user experience challenges. "Avoiding information
overload" likely relates to the design of content delivery and notification systems within the platform.
"Respecting...autonomy" suggests that while the platform offered new pathways, some students felt
constrained by its structure or desired more control over their learning sequence and interaction styles.
Addressing these aspects is essential for improving student acceptance and the effective
personalization of learning.

4. Discussion
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This 20-week controlled teaching experiment systematically evaluated the application effectiveness of
an Al-assisted teaching cloud platform in medical biochemistry education. The findings reveal the
multifaceted value and complex impact of the Al platform in teaching: Firstly, the four platform-
empowered teaching modules (Basic Learning, Case Discussion, Virtual Practice, Comprehensive
Assessment) demonstrated differentiated application scenarios and satisfaction levels. Among them,
the "Basic Learning" and "Comprehensive Assessment” modules showed relatively high usage
frequency/duration from both students and teachers. However, the "Comprehensive Assessment"
module on the teacher's end (involving confirmation of online assignment grading and statistics)
actually increased the teaching burden, leading to higher user dissatisfaction. The "Case Discussion"
module was most relied upon by teachers, but due to reasons such as "imprecise information retrieval"
and "interaction forms limited to fixed text or simple Q&A modes," it received average feedback from
students. Secondly, platform usage time showed a significant positive correlation with final exam scores
(R?=0.4082, p < 0.0001). Specifically, active interactive learning activities (Virtual Practice, self-
assessment tests) contributed the most to score improvement, whereas mandatory interactive activities
(class participation metrics) showed no correlation with performance levels. Thirdly, students in the
experimental group performed significantly better on higher-order thinking questions than the control
group, but no significant difference was found between the two groups in the basic knowledge retention
test. Fourthly, although the Al platform enriched teaching methods and increased classroom interaction
frequency, it did not reduce the teacher's burden; instead, it introduced new work content.

These findings have important theoretical significance and practical value. Theoretically, this study
provides new evidence for the application of the "testing effect" theory in real educational settings [9].
The Al platform realized the normalization and personalization of "learning through testing" via adaptive
exercises and virtual practice, echoing the findings of Schneider et al. [2]. More importantly, this study
revealed the differential impact of the Al platform on learning outcomes at different cognitive levels—its
promoting effect on higher-order thinking skills was significantly better than its effect on the retention of
basic knowledge. This suggests that Al educational tools may be more suitable for teaching scenarios
requiring integrated application, innovation, and other higher-order cognitive abilities.

From a practical perspective, this study provides clear directions for optimizing the design of Al
platforms. In the first place, in response to the differentiated needs of teachers and students for different
modules, platforms should offer more flexible module combination options, allowing teachers to "call
functions on demand" based on specific teaching objectives. Moreover, platforms need to establish
more intelligent content delivery mechanisms, optimizing algorithms to provide "the right amount of
information at the right time" and avoid information overload. For example, the depth and breadth of
delivered content could be dynamically adjusted based on a student's learning progress and knowledge
mastery. Last but not least, teacher training and support systems should be strengthened to help
instructors better utilize platform data to guide teaching while alleviating their newly added workload.

Notably, the phenomenon of "increased teacher burden" discovered in this study warrants in-depth
consideration. It reflects a common dilemma in current Al educational applications: while technological
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tools enhance teaching effectiveness, they often require teachers to invest additional effort in course
adaptation, data interpretation, and classroom management [10]. Future platform design should pay
more attention to the user-friendliness of "human-computer collaboration," for example, by simplifying
operational procedures and providing automated analysis reports to lower the technical barrier for
teachers.

5. Study Limitations

This study has several limitations. First, the sample was relatively homogeneous, coming from a single
medical university, which may affect the generalizability of the results. Second, the 20-week study period
might be insufficient to observe the long-term effects of the Al platform, particularly its sustained impact
on knowledge retention. Third, the platform's functionalities were not fully developed, especially the
algorithms for consolidating basic knowledge, which require optimization. Fourth, this study primarily
focused on quantitative metrics, with insufficient depth in the qualitative analysis of teacher and student
experiences.

Future research could be improved in the following aspects: expanding the sample scope and diversity
to include medical universities from different regions and types; extending the study period to 1-2
academic years to observe the sustainability of effects; strengthening the development of personalized
platform algorithms, particularly spaced repetition mechanisms for basic knowledge consolidation;
adopting mixed-methods research to conduct in-depth analysis of subjective experiences; and designing
more refined controlled experiments targeting different knowledge types (such as declarative
knowledge, procedural knowledge) to further clarify the optimal application scenarios for Al platforms.

6. Conclusion

This controlled experiment confirmed that the Al-assisted teaching cloud platform can significantly
enhance the effectiveness of medical biochemistry education. One key finding was that students in the
experimental group scored significantly higher on higher-order thinking questions than the control group,
and platform usage time was positively correlated with performance. However, there was no significant
difference between the two groups in basic knowledge retention, suggesting that solid mastery of
foundational knowledge still relies on effective instructional design and sustained effort, not merely Al
empowerment. A second finding revealed that the Virtual Practice and Case Discussion modules were
effective in promoting knowledge application ability, while the Al-driven formative assessment effectively
realized "learning through testing". The final finding indicated that the use of the platform did not reduce
the teacher's burden; instead, it added to the teaching workload due to tasks such as course design and
data interpretation. Based on the above findings, the authors recommend strengthening the
development of personalized platform algorithms, particularly spaced repetition mechanisms for basic
knowledge consolidation, balancing information provision with cognitive load to further improve student
knowledge retention. Simultaneously, enhancing teacher training is crucial to maximize the efficiency of
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human-computer collaboration, laying the foundation for truly alleviating teachers' burdens and further
stimulating teaching innovation.
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Figure 1

Schematic design of the research.

Students were assigned to either the Al-platform assisted group (n=69) or the control group (n=82)
based on existing class divisions. Both groups were equivalent in terms of student demographics,
teaching faculty, course schedule, and final assessment methods. Over the 20-week course, usage data
for the Al-assisted group were collected via the ChaoXing platform. At the end of the course, final exam
scores and questionnaire responses from both students and instructors were collected from all
participants. Six weeks after the course concluded, both groups completed a delayed post-test on basic
knowledge retention. The resulting data, organized into the categories of learning outcomes, teaching
process, and teaching/learning experience, provided the empirical basis for addressing the study's three
core research questions and formulating implementation recommendations.
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Figure 2

Detailed Al-empowerment modules for students and teachers.

This table provides a comprehensive specification of the Al-empowered teaching platform's functional
components. It categorizes the platform into four main modules (Basic Learning, Case Discussion,
Virtual Practice, Comprehensive Assessment) and lists the specific Al-empowerment methods available
for students and students within each module, along with their applicable timings in the teaching
process (Before-class, In-class, After-class). In basic learning module, students could use knowledge
graph, textbook association and video analysis to help with pre-class study preparation; teachers are
able to use the Al platform to acquire learning situation prediction and finish lesson plan before class, as
well as finish in-class checkin and quiz. In case discussion module, students can obtain relevant
knowledge about the case background through search engines and form the group discussion
conclusions through real-time summarization; teachers can achieve the alignment of the discussion
content with the Al platform by summarizing the discussion information from each group and keyword
extraction. In virtual practice module, students can complete the research task-driven exploration and
standard patient simulation consultation based on the knowledge points they have learned; the teacher
could obtain the "compilation of cases and standard patients" as well as "personalized learning
suggestions for students" based on each student's usage records. In comprehensive assessment
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module, students can not only participate in in-class quizzes and innovative assignments and earn
corresponding course credits, but also test their learning outcomes through the "knowledge point
mastery status and self-test" section of the platform; teachers can promptly grasp the basic learning
situation of the classes they are teaching through "full-coverage learning analysis and weak knowledge
point marking", as well as assist in the grading of online assignments through the platform.
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Figure 3

The usage situation and satisfaction level of students within different modules of the Al platform.

A. The average use time (min) per week from students for each Al platform associated activities, n=69.
The data were represented as average * SD, including 1.1 knowledge graph (13.41 + 8.27), 1.2 textbook
association(5.51 + 3.34), 1.3 video analysis (4.61 + 2.76), 2.1 background search engine (3.64 + 2.89),
2.2 real-time summarization (2.35 + 2.31), 3.1 research task-driven exploration (9.20 + 6.30), 3.2
standard patient simulation consultation (9.35 + 5.73), 4.1 in class quiz (3.90 + 1.44), 4.2 knowledge
point mastery status and self-test (26.54 + 15.45), 4.3 innovative assignment (5.33 + 3.37) . B. The
comprehensive average usage duration of the four modules and their respective proportions. The
students' average use time per week and proportion for each Al modules were: basic learning (22.32
min, 27.09%), case discussion (5.87 min, 7.12%), virtual practice (18.3 min, 22.21%), comprehensive
assessment (35.91 min, 43.58%). C. The panels showed the distribution of students' usage satisfaction
(strongly satisfied to strongly dissatisfied) to four Al modules. The numbers for each levels were marked,
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n=69. In basic learning module, the total satisfied rate was 53.62%, the dissatisfied rate was 11.59%. In
case discussion module, the total satisfied rate was 24.63%, the dissatisfied rate was 18.84%. In virtual
practice module, the total satisfied rate was 28.99%, the dissatisfied rate was 23.19%. In comprehensive
assessment module, the total satisfied rate was 59.42%, the dissatisfied rate was 7.25%.

Figure 4
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Figure 4

The usage situation and satisfaction level of teachers within different modules of the Al platform.

A. The average use time per week from teachers for each Al platform associated activities, n=9. The
data were represented as average + SD, including 1.4 learning situation prediction (0.67 + 1.00), 1.5
lesson plan writing (0.22 + 0.44), 1.6 in-class checkin and quiz (3.11 + 0.93), 2.3 discussion data analysis
(0.56 = 0.53), 2.4 word cloud extraction (1.67 + 0.87), 3.3 compilation of cases and standard patients
(0.56 = 0.53), 3.4 Personalized suggestions for students (0.33 + 0.50), 4.4 full-coverage learning analysis
(3.22 + 2.54), 4.5 weak knowledge point marking (0.78 * 0.83), 4.6 online assignment grading (0.22 +
0.44). B. The comprehensive average usage time of the four modules and their respective proportions.
The teachers' average use time per week and proportion for each Al modules were: basic learning (4,
35.30%), case discussion (2.22, 19.59%), virtual practice (0.89, 7.86%), comprehensive assessment
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(4.22,37.25%). C. The panels showed the distribution of teachers' usage satisfaction (strongly satisfied
to strongly dissatisfied) to four Al modules. The numbers for each levels were marked, n=9. In basic
learning module, the total satisfied rate was 55.56%, the dissatisfied rate was 11.11%. In case discussion
module, the total satisfied rate was 88.89%, the dissatisfied rate was 0%. In virtual practice module, the
total satisfied rate was 44.44%, the dissatisfied rate was 11.11%. In comprehensive assessment module,
the total satisfied rate was 22.22%, the dissatisfied rate was 22.22%.
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Figure 5

The perceptions of Al facilitated teaching from students and teachers.
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A. The questionnaire for five key statements (Q1-Q5) regarding the platform's impact on
learning/teaching burden (Q1), methodology enrichment (Q2), classroom interaction (Q3), learning
situation awareness (Q4), and student initiative/interest (Q5). B. The panels showed the distribution of
responses (Strongly Agree to Strongly Disagree) to five key statements (Q1-Q5) from students (n=69)
and teachers (n=9) respectively. For Q1, the total agree rates were 23.19% (students) and 11.11%
(teachers), total disagree rates were 31.88% (students) and 55.56% (teachers). For Q2, the total agree
rates were 56.52% (students) and 77.78% (teachers), total disagree rates were 5.80% (students) and 0%
(teachers). For Q3, the total agree rates were 42.03% (students) and 77.78% (teachers), total disagree
rates were 27.54% (students) and 0% (teachers). For Q4, the total agree rates were 68.12% (students)
and 88.89% (teachers), total disagree rates were 5.80% (students) and 0% (teachers). For Q5, the total
agree rates were 36.23% (students) and 55.56% (teachers), total disagree rates were 23.19% (students)
and 0% (teachers). C. At the end of the course, each student selected three of the ten main learning
activities that they have participated in the most, n=69 for Al group, n=82 for control group. The
proportion for each activities in each group (Al group vs control group) were: Class listening and note-
taking (1.45% vs5.69%), Reading designated textbooks and reference books (2.42% vs4.89%),
Completing after-class assignments and exercise books (14.49% vs18.29%), Periodic comprehensive
review and preparation (4.83% vs 8.13%), Participating in offline group case discussions (6.28% vs
2.44%), Participating in centralized Q&A sessions (7.25% vs 5.69%), Memorization and recitation (30.92%
vs 32.52%), Completing experimental reports (2.41% vs 3.25%), Preparing and presenting orally (3.38%
vs7.72%), Participating in mock tests and examinations (26.57% vs 11.38%). D. At the end of the course,
each teacher selected three of the ten main teaching activities that they have participated in the most,
n=9 for both Al group and control group. The proportion for each activities in each group (Al group vs
control group) were: In-Class lecture (33.33% vs 33.33%), Marking and reviewing assignments (22.22%
vs 11.11%), Organize and conduct offline case discussions (3.70% vs 3.70%), Conduct centralized Q&A
sessions (3.70% vs 3.70%), Writing and updating teaching materials (18.52% vs 7.41%), Designing,
organizing and supervising periodic tests (3.70% vs 14.81%), Classroom Management and Attendance
(3.70% vs3.70%), Teaching Reflection and Post-Class Preparation (3.70% vs11.11%), After-class
individual tutoring (3.70% vs 7.41%), Teaching management and administrative affairs(3.70% vs 3.70%).
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Figure 6
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The correlation analysis between the usage of Al platforms and course grades.

A. The scatter plots displayed the relationship between the total time (hours) spent by students on the Al

platform (horizontal axis) and their in-class performance rates (vertical axis). R>=0.01955, p=0.2518. B.
The scatter plots displayed the relationship between the total time (hours) spent by students on the Al

platform (horizontal axis) and their final course scores (vertical axis). R?=0.4082, p<0.0001. C. The
scatter plots displayed the relationship between the in-class performance rates (horizontal axis) and

their final course scores (vertical axis). R?=0.00413, p=0.5907. The red trend lines were added for each

graph, n=69.
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Figure 7
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Top 4 quoted suggestions from students of Al course

1. In response to the issues of burden transfer (such as course design adaptation
and data interpretation), it is suggested that the school or the teaching and research
office should organize specialized training sessions.

2. Mark the supplementary materials as "Core Required Reading", "Recommended
Reading", and "Interest Expansion", allowing students to choose based on their
own circumstances and granting them limited choice in their learning paths.

3. The automatic marking of subjective assignments online still requires teachers
to confirm each one individually, increasing their workload.

4. It is recommended to establish a new "human-machine collaboration" Q&A
process: when a student asks a question, the Al robot first provides a standard
answer or reference materials; if the student marks "not resolved", the question is
automatically transferred to the teacher's to-do list.

1. The Al provides too much and too varied information.
2. The Al platform sometimes crashes and freezes.
3. The interactive platform cannot be withdrawn.
4. Please respect those students who do not wish to use their mobile
phones or participate in platform-based interactions during class.

Figure 7

The analysis of knowledge retention and feed-backs after finishing the whole course.

The final test was made of multiple-choice questions, definition questions, short-answer questions and
comprehensive application questions (100 score for full). Six weeks after the course concluded, the
delayed post-test made of only multiple-choice questions (100 score for full) were exerted in both group.
A. The score distribution of final test and delayed post-test in control group, n=82. The average scores
for final test and delayed post-test were 73.39 + 11.58 and 63.24 + 13.42 respectively. B. The score
distribution of final test and delayed post-test in Al group, n=69. The average scores for final test and
delayed post-test were 74.13 + 10.96 and 65.75 + 13.05 respectively. C. In final test, the distribution of
the number of students from different score ranges. The percentages of specific ranges from Al and
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control groups were (Al vs control): <60 (11.59% vs 8.54%), 60-70 (21.74% vs 21.95%), 70-80 (28.99% vs
34.15%), 80-90 (28.99% vs 28.05%), and >90 (8.70% vs 7.32%). D. In final test, the scores of
comprehensive application questions from Al (7.52 + 0.78, n=69) and control group (5.95 + 0.98, n=82),
10 points for full. The difference was compared with unpaired t test, p=0.015. E. The left column lists the
top four suggestions from students (information overload, technical stability, interaction flexibility,
respect for diverse participation preferences). F. The right column lists the top four suggestions from
teachers (need for specialized training, structured content tagging, workload from Al-assisted grading,
optimized human-Al Q&A workflow).
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