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Abstract. Computational competence is a fundamental requirement for computer
science majors, forming the basis of algorithmic thinking, numerical reasoning,
and applied problem-solving. In specialized universities with strong cultural or
disciplinary traditions, however, teaching Computational Methods often encoun-
ters challenges: students perceive abstract concepts as disconnected from profes-
sional practice, engagement is limited, and opportunities for integrating broader
educational values are missed. This study introduces an Al-supported reform of
the Computational Methods course designed for computer science undergradu-
ates in such a specialized context. Artificial intelligence tools enable adaptive
learning, interactive visualization, and intelligent assessment, making abstract
concepts more accessible and engaging. At the same time, value-oriented educa-
tion is embedded into the course, emphasizing craftsmanship, responsibility, eco-
logical awareness, and holistic thinking. Evaluation results show improved aca-
demic performance, stronger motivation, and enhanced awareness of interdisci-
plinary and social responsibilities.
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1 Introduction

Computational competence has become a cornerstone of computer science education,
equipping students with the skills to think algorithmically, reason numerically, and
solve complex problems through systematic approaches!!-*l. Courses in computational
methods are central to this training, as they expose students to discrete mathematics,
numerical algorithms, and programming-based implementations that form the technical
foundation for advanced fields such as artificial intelligence, data science, and intelli-
gent systems engineering.

Despite its importance, the teaching of Computational Methods often faces persis-
tent challenges. First, abstract concepts such as sequences, recurrence relations, or nu-
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merical integration are perceived by many students as disconnected from their profes-
sional goals, leading to a gap between mathematical theory and practical application.
Second, conventional lecture-based delivery and paper-based assessment tend to limit
student engagement, offering few opportunities for individualized feedback or interac-
tive exploration. Third, broader educational values—such as responsibility, ecological
awareness, and interdisciplinary thinking—are rarely integrated into technical courses,
even though these values are increasingly emphasized in the development of socially
responsible professionals.

In specialized universities, these challenges are particularly salient!!. Current teach-
ing practices in computational methods often fail to fully meet the comprehension needs
of students. Feedback collected from undergraduate cohorts indicates several pain
points: (1) students frequently struggle to keep pace with the fast coverage of mathe-
matical concepts, leaving gaps in their fundamental understanding; (2) many students
are able to complete programming tasks mechanically, but demonstrate limited grasp
of the theoretical rationale behind algorithms; and (3) traditional lecture-centered ap-
proaches provide insufficient opportunities for interaction, which contributes to re-
duced motivation and engagement. These challenges highlight the necessity of reform-
ing the course to better align with students’ cognitive processes and learning demands.
To address these issues, this study introduces an Al-supported reform of the Computa-
tional Methods course specifically tailored to computer science undergraduates in such
a specialized context. The reform builds on three pillars:

o Al-enhanced pedagogy — leveraging adaptive learning systems, intelligent assess-
ment, and visualization tools to lower abstraction barriers and increase student en-
gagement.

e Value-oriented education — embedding elements of craftsmanship, responsibility,
and holistic thinking into course design, ensuring that computational training aligns
with broader educational goals.

e Interdisciplinary case studies — using health-related or ecological simulations as
examples that connect computational concepts to meaningful applications within the
cultural and institutional environment of a TCM university.

2 Related Work

2.1  Artificial Intelligence in Education

Artificial intelligence (AI) has become an important driver of innovation in higher ed-
ucation, providing new ways to deliver content, support learners, and assess perfor-
mancel>-¥). Adaptive learning systems can personalize instruction by analyzing individ-
ual learning trajectories, while intelligent tutoring systems simulate the guidance of hu-
man instructors through real-time feedback. Automated grading tools, particularly in
mathematics and programming, have significantly reduced instructor workload and al-
lowed more emphasis on formative feedback.

In computationally intensive courses, Al-driven visualization tools also help over-
come barriers of abstraction. For instance, dynamic illustrations of iterative methods or



Al-Supported Reform of Computational Methods Teachingina ... 191

algorithmic processes can make mathematical ideas more accessible to students. How-
ever, most reported applications target general-purpose online platforms or large-scale
courses, leaving limited evidence of how Al tools can be integrated into specialized
technical curricula within distinctive institutional environments.

2.2 Value-Oriented and Interdisciplinary Education

Beyond technical skills, universities worldwide are increasingly emphasizing the im-
portance of value-oriented education!® !l This approach seeks to embed responsibility,
ethical awareness, ecological thinking, and cultural perspectives into curricula. In fields
such as medicine or engineering, this integration has been shown to cultivate socially
responsible graduates who combine technical competence with broader humanistic
qualities.

In computer science, however, value-oriented education often remains peripheral.
Most initiatives appear as separate ethics modules—such as courses on Al ethics, data
privacy, or technology’s social impact—rather than being woven into the structure of
core technical subjects. As a result, students may view such values as external to their
professional practice, rather than integral to computational reasoning. Specialized uni-
versities offer an opportunity to address this challenge through interdisciplinary educa-
tion. For example, institutions focusing on medicine, agriculture, or culture provide
fertile ground for linking computational methods with health, environmental, or cultural
case studies. Such integration not only demonstrates real-world relevance but also fos-
ters holistic thinking among students. Yet, research specifically targeting computer sci-
ence programs in specialized settings, such as Traditional Chinese Medicine (TCM)
universities, remains limited. These contexts present a unique intersection of rigorous
computational training with culturally and socially oriented missions, making them val-
uable yet underexplored sites for educational innovation.

3 Methodology

3.1 Al-Supported Pedagogy and Theoretical Foundations

The reform integrates artificial intelligence tools into the delivery of computational
methods to address the challenges of abstraction, limited personalization, and delayed
feedback. Its pedagogical choices are grounded in constructivist learning theory and
cognitive load theory. Constructivism emphasizes that learners construct knowledge
actively through engagement. By using Al-based visualization and intelligent tutoring
systems, students interact with algorithms and explore outcomes dynamically, which
supports independent discovery rather than passive reception. Cognitive Load Theory
highlights the need to optimize mental resources. Complex numerical derivations often
impose heavy extraneous load; therefore, adaptive systems and automated feedback re-
duce unnecessary burden, allowing students to focus on conceptual understanding and
higher-order reasoning. In practice, adaptive learning systems dynamically adjust the
sequencing and difficulty of problems according to student performance, ensuring that
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struggling learners receive scaffolding while advanced learners remain challenged. In-
telligent tutoring modules provide formative feedback in real time, not only identifying
errors in programming assignments but also suggesting potential sources of mistakes
and pointing students to relevant learning materials. Finally, visualization and simula-
tion tools illustrate abstract concepts such as convergence or stability, enabling learners
to manipulate parameters and observe algorithmic behavior directly.

3.2 Value-Oriented Integration

Beyond technical competence, the reform emphasizes embedding value-oriented edu-
cation into the structure of the course. One approach is the use of contextualized case
studies that link computational problems with interdisciplinary applications, including
health, ecology, and cultural heritage, thereby highlighting the broader relevance of
algorithmic methods. In addition, reflective assignments invite students to consider the
ethical, social, and professional implications of their technical work, reinforcing the
awareness that computational modeling is not value-neutral. Group projects balance
technical rigor with responsibility-oriented considerations such as fairness, sustainabil-
ity, and cultural sensitivity. This design ensures that value-oriented education becomes
inseparable from computational practice, fostering professional identity of students and
social responsibility alongside their computational skills.

3.3  Case Context: TCM University Implementation

The reform was implemented in the computer science program of a TCM university,
with a focus on third-year undergraduates in the Department of Artificial Intelligence
and Information Technology. While these students are trained as computer science pro-
fessionals, their institutional context emphasizes cultural heritage, holistic thinking, and
health-related missions, which provided distinctive opportunities for interdisciplinary
integration.

The Al-supported elements of the reform were implemented primarily through ex-
isting and widely available platforms, which ensured feasibility and reproducibility. For
example, Jupyter Notebook was integrated with Python libraries such as NumPy and
Matplotlib to provide real-time visualization of numerical algorithms and simulations.
Adaptive learning features were achieved by employing online learning management
system plugins and automated grading scripts, which enabled personalized feedback
without requiring large-scale new system development. Additionally, chatbot-style as-
sistance was simulated through structured FAQs and rule-based responses embedded
in the learning platform, offering students immediate support during independent study.

Assignments incorporated interdisciplinary applications, such as modeling simpli-
fied public health campaigns or simulating ecological systems relevant to herbal culti-
vation. Reflective tasks required students to articulate the societal and ethical implica-
tions of their computational work, thereby connecting technical practice with broader
value-oriented outcomes. Evaluation of the reform employed both quantitative and
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qualitative measures. Student performance was assessed through examinations and pro-
ject outputs, while surveys and interviews were conducted to capture perceptions of
learning effectiveness, interdisciplinary relevance, and value orientation.

4 Results and Discussion

4.1 Learning Performance

The teaching reform was implemented with a cohort of 44 third-year undergraduate
students majoring in Computer Science and Technology at the School of Artificial In-
telligence and Information Technology, Nanjing University of Chinese Medicine. This
setting provided a unique intersection between a specialized medical university context
and a technically oriented curriculum. The pre- and post-tests each consisted of 15 core
algorithmic and numerical analysis questions (maximum score = 100). The final exam-
ination combined theoretical derivations and programming tasks, while project assess-
ment was based on small-group projects involving numerical computation and visuali-
zation, supplemented by oral presentations. Table 1 presents the pre- and post-assess-
ment results, where Mean refers to the average score of all students (out of 100), SD
represents the standard deviation, which reflects the variability of the scores, and Im-
provement indicates the difference between pre- and post-test averages. At the begin-
ning of the semester, the average pre-test score was 68.4, indicating that students had a
basic but uneven understanding of computational methods. By the end of the semester,
the post-test average rose to 82.1, representing a significant improvement (p < 0.01,
where p denotes the probability value in a paired-sample #-test). The results demon-
strated that students could not only master algorithmic procedures but also apply com-
putational methods to interdisciplinary case studies.

Table 1. Student performance comparison.

Indicator Mean(100) SD Improvement
Pre-test(Week 1) 68.4 7.9 —
Post-test(Week 16) 82.1 6.7 +13.7

Final examination 84.3 6.5 —

Project assessment 85.6 5.8 —

4.2 Engagement and Motivation

Student engagement was measured through survey data and participation records. The
survey adopted a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree). In
Table 2, the percentages represent the proportion of students who selected Agree or
Strongly Agree for each item. Most students confirmed the positive role of Al-assisted
learning. Eighty-six percent agreed that visualization tools helped them better under-
stand abstract concepts, while 82% stated that real-time feedback improved their pro-
gramming competence. In addition, 79% reported that interdisciplinary case studies
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(e.g., healthcare-related modeling tasks) made the course more interesting. These out-
comes are consistent with observed increases in voluntary participation in optional as-
signments.

Table 2. Survey responses on learning experience (N=44).

Item Agree/Strong Agree(%)
Al tools helped me understand abstract concepts more easily 86%
Immediate feedback improved my programming competence 82%
Health/ecology-related cases increased my learning interest 79%
The course raised my awareness of social responsibility 75%
I would like to use similar Al platforms in future learning 84%

4.3 Value-Oriented Outcomes

Students also submitted reflective essays (approx. 500 words each). In Table 3, the
percentages indicate the proportion of students whose essays explicitly mentioned each
theme during coding. The results show that nearly all students emphasized improve-
ments in technical competence (95%), while a substantial portion also reflected on mo-
tivation (73%), social responsibility (61%), and interdisciplinary or cultural awareness
(48%). These outcomes indicate that embedding value-oriented elements within a com-
putational methods course in a TCM university context encourages students not only to
develop strong technical skills but also to recognize the societal and ethical dimensions
of computational problem-solving.

Table 3. Themes identified in reflective assignments (N=44).

Theme Frequency(%)
Technical skill enhancement 95%
Increased learning motivation 73%
Social responsibility (fairness, health, ecology) 61%
Cultural sensitivity /interdisciplinary awareness 48%

5 Conclusion

This study presented an Al-supported and value-oriented reform of a Computational
Methods course offered to third-year Computer Science and Technology students at a
traditional Chinese medicine university. By integrating Al-assisted teaching tools with
interdisciplinary and value-oriented case studies, the course effectively enhanced stu-
dents’ technical competence while also encouraging reflection on broader social, ethi-
cal, and cultural dimensions of computational learning. The results, based on learning
performance data, survey responses, and reflective assignments, demonstrated signifi-
cant improvements in both conceptual understanding and motivation, as well as in stu-
dents’ awareness of social responsibility and interdisciplinary relevance.
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