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Abstract

The rapid development of Artificial Intelligence (AI) technology has pro-
foundly impacted all sectors of society, with education and teaching undergo-
ing particularly significant transformations driven by Al This study examines
the influence of AI on higher education, using the Python programming course
at Nanfang College Guangzhou as a case study. A series of comparative exper-
iments were conducted, in which students were divided into five groups: one
using ERNIE Bot, one using Doubao, one using Kimi, one using ChatGPT, and
a control group not using any Al tools. The results showed that students who
used Al tools achieved a 20% - 30% increase in programming speed, demon-
strated more positive and innovative thinking, and incorporated more creative
elements into their projects. However, the Al tool-using groups exhibited some
weaknesses in code accuracy. In contrast, the control group performed better
in terms of code accuracy. Overall, the Al tool-using groups slightly outper-
formed the control group in terms of overall performance and achieved supe-
rior results in subject competitions. Al not only enriches teaching resources
and methods but also stimulates students’ innovative thinking and enhances
their comprehensive literacy and independent learning abilities. However, the
study also highlights that excessive reliance on AI could hinder the develop-
ment of critical thinking, emphasizing the need to balance the use of Al tools
with the cultivation of critical thinking in educational reform. This study pro-
vides a theoretical foundation for the teaching reform of Python programming
courses and offers valuable insights for educators in developing strategies to
integrate Al into teaching, aiming to improve teaching quality and better equip
students for the growing demand for high-quality talent in the modern era.
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1. Introduction

In recent years, content-generative artificial intelligence has been rapidly devel-
oping. A range of Al applications, exemplified by ChatGPT, based on powerful
deep learning algorithms and extensive data training [1], has demonstrated out-
standing performance in natural language processing, code generation, and other
areas. These applications can rapidly generate code frameworks for complex algo-
rithms, explain programming concepts in detail, and provide accurate answers to
various technical questions.

In the field of education, AI’s influence is profound. On the one hand, it signif-
icantly expands the library of teaching materials by offering diverse case studies
and real-time knowledge updates. On the other hand, it transforms the way stu-
dents learn, allowing them to overcome the constraints of time and space and en-
gage in autonomous exploration with the support of AI tools [2]. However, Al
also presents challenges, such as students’ over-reliance on technologies and dif-
ficulties in evaluating the accuracy and reliability of Al-generated content. In this
context, investigating the effective application of Al in Python programming ed-
ucation is of great practical significance. This study takes Nanfang College Guang-
zhou as a case study for a more in-depth exploration.

Suppose the degree of students’ knowledge mastery is X , the learning time is
¢t , and the learning efficiency is 7 . Under the traditional teaching mode,
K =nt . After the introduction of artificial intelligence, let the learning efficiency
improvement coefficient be a(a > 1) ,then K =ant . This formula initially in-
dicates the potential improvement of Al on knowledge acquisition efficiency, but
in fact, a variety of factors need to be comprehensively considered. For example,
we can further modify the formula as K =ant— fC (where C represents the
negative impact caused by students’ over-reliance on AI, and f is the corre-
sponding weight coefficient), which can more comprehensively reflect the actual

situation of students’ learning under the influence of Al

2. Background of Teaching Reform

The Python programming course at Nanfang College Guangzhou, originally fol-
lowed a traditional teaching approach. In this method, teachers primarily lectured
on theoretical concepts, grammar rules, and typical programming cases, while
students practiced programming through homework assignments outside of class.
While this approach helped ensure a structured understanding of the material, it
inherently had limitations.

Traditional teaching resources are limited and slow to update, primarily relying

on textbooks, teachers’ personal experience, and the school’s internal teaching
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platform. As a result, students were exposed to a narrow range of knowledge. When
confronted with complex programming concepts and algorithms, students strug-
gled to fully understand these topics through oral explanations and simple exam-
ples alone. In practice, students had to wait for teachers to address their questions,
leading to long feedback cycles that negatively impacted student engagement and
learning efficiency.

In the field of Python programming education, numerous studies have been
conducted on the integration of artificial intelligence (AI) to enhance learning
outcomes. For instance, in [3], Lin X. explored how intelligent tutoring systems
could improve student performance by providing personalized learning paths and
immediate feedback, emphasizing AD’s ability to identify individual weaknesses
and recommend tailored materials. Similarly, in [4], Smith ef al propose a model
leveraging Al algorithms for personalized content recommendations, adjusting
course materials based on students’ learning data to facilitate better mastery of
Python concepts. Furthermore, in [5], Chen et al evaluate a chatbot-assisted
learning environment that provides instant support and programming practice,
with students reporting increased motivation and engagement through this inter-
active platform. Lastly, Martinez [6] presents a comprehensive review of Al tech-
nologies in Python education, discussing tools like automated grading and learn-
ing analytics that improve educational efficiency while empowering teachers. In
[7], Zabala et al introduce an Al-based Python programming education system
that integrates a chatbot for student assistance, an automated grading system for
feedback, and an entrance exam feature that suggests chapters and sections for
review.

With the rise of artificial intelligence technology, modern teaching has gained
new opportunities [8]. Students now have access to powerful Al tools such as ER-
NIE Bot (WenXinYiyan), Doubao, Kimi, and ChatGPT. These tools can generate
code snippets based on students’ needs, helping them understand programming
logic and syntax while coding. They also offer a wide range of project cases, tech-
nical documentation, and the latest industry trends, thereby expanding learning
resources. Moreover, these tools provide immediate answers to students’ ques-
tions and foster creative thinking in problem-solving, enhancing students’ auton-
omy and flexibility in learning [9]. However, while leveraging the advantages of
Al it is crucial to prevent students from becoming overly reliant on technology
and ensure that they master the core knowledge and skills of programming.
Achieving this balance is key to the success of teaching reform.

Despite the advantages, there is a lack of studies evaluating the impact of these
Al tools on education. Therefore, it is essential to explore the role and effects of the
Al tools on Python education, providing educators with valuable insights for inte-

grating Al in teaching and understanding its broader implications for education.

3. Teaching Reform Methods

To demonstrate the impact of artificial intelligence on the Python programming

DOI: 10.4236/0alib.1112859

3 Open Access Library Journal


https://doi.org/10.4236/oalib.1112859

J. L. Liang

course, we divided the students into two categories: those with access to artificial
intelligence tools and those without. By conducting this comparative experiment,
we aim to use data to illustrate the influence of Al tools on students’ learning.

In the Autumn semester of 2024, 65 students majoring in Electronic Science
and Technology at Nanfang College Guangzhou, enrolled in the Python Program-
ming course. The students were divided into five groups based on their choice to
use Al tools: Doubao, Kimi, ERNIE Bot, ChatGPT, and a non-AlI tool group. The
grouping process took into account factors such as students’ programming foun-
dation and learning abilities to ensure balance and comparability between the
groups, thus enhancing the credibility of the research findings.

Based on students’ preferences for Al tools, they were divided into five groups,
and a voting survey was conducted. Six students abstained from voting. The re-
sults, shown in Figure 1, indicate that a larger proportion of students chose to use
ERNIE Bot, accounting for 40.7%.

A. Doubao

10 people 16.9%
B. Kimi

tepeople 27 1%
C. ERNIE Bot

upece  40.7%
D. ChatGPT

6peop 10.2%
E. No Al Tools

3peopl 5.1%

E:5.1%
10.2% A:16.9%
B:27.1%
C:40.7%

Figure 1. Groups of students using different Al tools.
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3.1. Teaching Process Implementation

3.1.1. Course Content Design

The teaching is conducted in strict accordance with the standard syllabus for the
Python programming course, covering core modules such as basic syntax, Python
libraries, algorithm design, and project practice. In teaching basic syntax, in addi-
tion to conventional explanations, teachers guide students to use Al to explore the
application scenarios of various syntax rules in different project contexts. For in-
stance, when explaining conditional statements, students are asked to use Al to
search for examples of conditional judgment in data analysis and graphical visu-
alization, and then make comparisons [10].

For the groups using Al tools, teachers provide timely guidance to help students
expand their learning of code examples with the assistance of AI [11]. For exam-
ple, when studying a specific algorithm, students are instructed to request multiple
algorithm implementations from AI tools and compare their advantages and dis-
advantages to deepen their understanding. Simultaneously, teachers guide stu-
dents in using Al to explore the analysis and problem-solving approaches for
complex issues. For instance, when working with image encryption algorithms,
students can use Al tools to examine the differences in processing speed, accu-
racy, and resource consumption across various encryption algorithms [12], en-
abling them to select more suitable algorithms for further research and applica-
tion.

For the group without access to Al tools, personalized tutoring and group col-
laborative learning are emphasized. Classroom interaction is increased, typical
cases are explained in detail, and practical exercises are carefully designed [13].
For example, group programming competitions are organized, with teachers
providing on-site guidance and addressing each group’s issues.

Project-driven teaching is introduced, with a series of Python projects designed
for practical application, such as data analysis systems, small game development,
and intelligent customer service systems [14]. All students are required to com-
plete these projects in groups. The groups using Al tools are encouraged to use Al
appropriately to plan, generate code, and troubleshoot problems, while the non-
Al group relies on close collaboration among team members and the guidance of
teachers to overcome challenges in project development, thereby enhancing stu-
dents’ overall programming skills and fostering teamwork.

3.1.2. Learning Process Monitoring
A comprehensive learning process monitoring system is established, with regular
collection of multi-dimensional data, such as code homework completion, project
report quality, and classroom performance [15]. Teachers correct and comment
on students’ code homework weekly and provide a comprehensive evaluation of
project reports, assessing aspects such as project innovation, feasibility, and the
rationality of technology application.

Students using Al tools are required to document their entire process of using

AlJ, along with their personal gains. Teachers regularly review these records and
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engage in discussions with students to understand their challenges and experiences.

Special attention is given to the learning progress and difficulties of the non-AI
tool group, with teaching strategies adjusted flexibly. For instance, if a particular
group encounters difficulties understanding a specific concept [16], additional
case explanations or group discussions may be organized to deepen students’ un-
derstanding.

Online learning platforms are utilized to track the learning process in real time
[17], recording data such as learning time, participation in discussions, and resource
downloads. This data is analyzed to identify students’” learning behavior patterns,
providing a basis for personalized teaching and enabling timely intervention for stu-

dents exhibiting low engagement or encountering learning difficulties.

3.1.3. Teaching Method Innovation

We propose adopting the flipped classroom teaching model. Some of the teaching
content is converted into micro-videos or learning materials for students to en-
gage in autonomous learning before class, while classroom time focuses on prob-
lem discussion, project practice, and knowledge expansion. Students using Al
tools are encouraged to preview relevant knowledge using Al and prepare ques-
tions for in-depth discussion with teachers and classmates during class [18], while
students in the non- Al tool group preview materials through traditional methods,
such as reading textbooks and watching instructional videos. In class, teachers ac-
tively guide students through group discussions, encourage them to share their
learning experiences and challenges, and jointly explore solutions to promote a
deeper understanding and mastery of knowledge, as well as cultivate cooperative
learning and problem-solving skills.

Teaching activities that combine group cooperation learning and inquiry-based
learning are implemented. During group formation, care is taken to ensure that
each group includes students with different levels of Al tool usage to promote
communication and learning among students [19]. In the process of project prac-
tice, group members are encouraged to leverage their individual strengths, collab-
orate effectively, and jointly explore the best solutions to problems. For instance,
when developing a data analysis system, students using different AI tools can ob-
tain various ideas and code snippets for data processing with the help of the tools.
The group then collaborates to discuss how to integrate these resources and opti-
mize system performance to meet project objectives [20]. Teachers play the roles
of guides and supervisors, providing timely guidance and inspiration, and foster-
ing students’ teamwork and innovation skills.

The situational teaching method is applied, creating teaching scenarios closely
aligned with practical applications, such as enterprise data processing require-
ments [21], internet application development scenarios [22], and financial data
analysis contexts. Students are tasked with using Python knowledge and AI tools
to solve practical problems within specific situations, thereby enhancing their
learning interests and practical abilities. For example, a simulated e-commerce

platform data mining scenario is set up, where students must use Python to collect
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and clean data, and then apply Al tools to optimize the analysis algorithms to mine
valuable business insights [23], such as user purchase behavior patterns and prod-
uct recommendation strategies. This approach helps students deeply understand

the practical value of knowledge and stimulates their learning motivation.

3.2. Evaluation Index System Construction

3.2.1. Programming Ability Evaluation

It needs to comprehensively evaluate students’ programming ability from multi-
ple dimensions such as code writing accuracy 4, efficiency E, standardization
S and complex problem-solving ability C. Design a series of hierarchical and
comprehensive programming test questions, including basic grammar knowledge
test 7;, algorithm application ability test T,, project development practical test
T;, etc., and conduct strict assessments in the middle and end of the course. At
the same time, the test scores of each chapter are included in the evaluation of
programming ability. The comprehensive score P of programming ability can
be expressed as:

P=wA+w,E+w,S+w,C+ Zn:wM];
i=1

(where w,,w,,w;,w,,---,w,,, are the weights of each dimension and test type,
and Z:’: w; =1) We can also consider a more complex formula to evaluate pro-
gramming ability. This example assumes that the complexity of the code is de-
noted as L ,the degree of code reuse is denoted as R, and the error handling
ability is denoted as # . Then the comprehensive score P of programming

ability can be further expressed as:
» wA+wE+wS+w,C+>" w,,T,
- 1+ kL—k,R—k,H

(where £k,k,,k; are adjustment coefficients related to code complexity, reuse

and error handling ability).

3.2.2. Innovative Thinking Evaluation

We examine the innovation elements of the project, such as algorithm innovation
I, functional module innovation /,, solution innovation I , etc. Through
comprehensive evaluation and scoring of project reports R, classroom presenta-
tion performance D and innovative speech in group discussions G, the score

1 of innovative thinking can be expressed as:
I=vl, +v21f +vl +BR+B,D+B,G

(where v,,v,,v,,5,,5,,p, arethe weights of each innovation element and evalu-
ation link, and v, +v, +v;+ S, + B, + S, =1).

3.2.3. Learning Attitude and Autonomy Evaluation
Let’s observe students’ classroom participation P, , frequency ( and quality of
active questions, investment and allocation of after-class autonomous learning

time T, etc. For the groups using Al tools, additionally evaluate their active
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exploration spirit E, and self-learning management ability A7 of Al tools; for
the non-AlI tool group, focus on their self-driving force D, and learning perse-
verance L. Thescore L, of learning attitude and autonomy can be expressed
as:

La =21Pa+ﬂ'2Q+137; +2’4Ea +ﬂ’5M+/16Dx +/17L

(where A, —A4, are the weights of each factor).

3.2.4. Comprehensive Performance Evaluation

We comprehensively consider factors such as chapter test scores S,, final exami-
nation scores F,, innovative thinking 7, learning attitude and autonomy L,
to calculate students’ comprehensive performance G, that is:

C=nS +nF +rl+yl,

(where y, —y, are the weights of each factor). At the same time, the award situ-
ation of subject competitions is included. The award level is setas W (first prize
W =3, second prize W =2, third prize W =1), and the number of awardees is
N . Then the competition score C =W x N, and the final comprehensive perfor-

mance can be expressed as:
G'=6G+(1-6)C

(where O is the adjustment weight, 0<J <1).

4. Analysis of Teaching Reform Results
4.1. Comparison of Programming Ability Improvement

The errors of programming can be detected by large language models Al tools
[24]. And it showed in our experiments. In Table 1, the Improvement is code
writing speed improvement ratio, and the Error is the data of programming mis-
takes students made. Accuracy is the accuracy Score of code, and the score is the

comprehensive programming ability score students got.

Table 1. Comparison of different groups on various metrics.

Group Improvement Error Accuracy Score
Doubao About 27% 5% 80 85
Kimi About 26% 6% 78 83
ERNIE bot About 28% 7% 75 84
ChatGPT About 26% 8% 76 82
Non-AlI tool None 3% 90 80

The code accuracy metric was measured by testing students’ code against pre-
defined test cases. Specific criteria include the correctness of output (whether the
code produced the expected results), error-free execution (no syntax or runtime
errors), and efficiency (optimized time and space complexity). An automated test-

ing system compared the output to the expected results, awarding points based on
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the percentage of test cases passed. Partial credit was given for solutions that passed
some but not all test cases. This ensured an objective and consistent evaluation of
code accuracy.

In the comprehensive programming ability test at the end of the course, the
four groups using Al tools have an advantage in code writing speed. Because Al
can quickly provide code framework examples, students can save time by modi-
fying and improving them. However, in terms of code accuracy, the non-AI tool
group has a lower error rate due to more strict training and guidance from teach-
ers. Some students in the Al tool groups rely too much on Al-generated code and
have a shallow understanding of code logic and weak debugging ability, resulting
in some avoidable low-level errors. However, from the overall comprehensive pro-
gramming ability score, the average score of the groups using Al tools is slightly
higher, which indicates that AT helps to improve students’ programming ability to
a certain extent, but teachers need to strengthen the cultivation of students’ inde-

pendent judgment and code understanding ability in the teaching process.

4.2. Comparison of Innovative Thinking Stimulation

The innovative thinking metric was measured by assessing the creativity and orig-
inality of students’ problem-solving approaches. Specific criteria include the nov-
elty of the approach, such as using unique algorithms or data structures, and the
integration of Al tools, with students being evaluated on how effectively they used
AT tools (e.g., ChatGPT, Doubao) to enhance their solutions. Students were re-
quired to submit a reflection report explaining their approach and how Al tools
were integrated, which was reviewed by instructors to assess the level of innovation.
This ensured an objective evaluation of students’ creativity in problem-solving.
When we accomplished the stimulation, it showed that in Table 2: Doubao
Group leads with 9 project innovation elements and the highest evaluation score
of 92, indicating strong creativity. ChatGPT Group follows closely with 8 elements
and a score of 90, showing excellent innovative thinking. ERNIE Bot Group has 7
elements and a score of 88, indicating good but slightly lower performance. Kimi
Group shows moderate innovation with 6 elements and a score of 85. The Non-
AT Tool Group has the least with only 3 elements and a score of 75, suggesting
limitations in innovation compared to Al groups. Overall, Al-related groups

Table 2. Comparison of different groups for innovation evaluation.

Group .Numbc?r of project Innovati\.re thinking
innovation elements evaluation score
Doubao 9 9
Kimi 6 o
ERNIE bot 7 o
ChatGPT 8 0
Non-AlI tool 3 75
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significantly outperform the Non-Al Tool Group in both innovation elements and
evaluation scores.

The groups using Al tools have more active innovative thinking in project de-
velopment. For example, in a data analysis project developed by the Doubao
group, through in-depth interaction with Doubao, students learned some cutting-
edge data processing algorithms and visualization technologies and skillfully ap-
plied them to the project, significantly improving the innovation and practicabil-
ity of the project and obtaining a high score in the innovative thinking evaluation.
The ERNIE Bot group designed unique game levels and interaction modes with
the inspiration of creative ideas in the game project development and performed
outstandingly in the innovative thinking evaluation. In contrast, the non-AI tool
group has a single information access channel, mainly relying on the cases provided
by teachers and traditional teaching resources, facing great challenges in the expan-

sion of innovative thinking and having relatively few innovation achievements.

4.3. Comparison of Changes in Learning Attitude and Autonomy

To assess the students’ learning attitude and autonomy, we employ the Participa-
tion Score, Implementation Score, and Autonomous Learning as indicators to
present the experimental outcomes. We compared different groups and the result
is shown in Table 3. The ChatGPT Group and Doubao Group demonstrate strong
initial scores and effective improvements, while the ERNIE Bot Group excels in
autonomous learning time. The Non-AI Tool Group lags behind in all metrics,

highlighting the advantages of Al tools in fostering innovation and learning.

Table 3. Comparison of different groups for learning attitude and autonomy.

Participation Implementation .

Group Autonomous learning

score score
Doubao 9 6 +2 hours/week

Kimi 8 5 +1.5 hours/week
ERNIE bot 8.5 5.5 +2.2 hours/week
ChatGPT 9.5 6.5 +1.9 hours/week
Non-AlI tool 6 4 +0.5 hours/week

The groups using Al tools show high initial learning enthusiasm as they are
curious about and eager to explore Al They actively participate and learn, and
invest more time in after-class study to improve programming skills, which sig-
nificantly stimulates learning autonomy. And they excuse the learning plan better

than the Non-AI group does.

4.4. Comprehensive Performance and Subject Competition
Results Analysis

We evaluated students’ comprehensive performance through the average score

obtained in an assessment and the number of awards won in subject competitions
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and the results were in Table 4.

Table 4. Comparison of different groups for competition award.

Group Score Winners Award levels
Doubao 90 3 First: 1, Second: 1, Third: 1
Kimi 85 2 Second: 1, Third: 1
ERNIE bot 86 2 Second: 1, Third: 1
ChatGPT 87 2 Second: 1, Third: 1
Non-AI tool 80 1 Third: 1

From the perspective of comprehensive performance, the groups using Al tools
had a slightly higher average score when the students attended a programming
competition in Guangdong province of China. This is mainly due to the role of Al
in knowledge expansion and programming efficiency improvement. However,
some students’ over-reliance on Al leads to certain deductions, which offset some
of the advantages. In chapter tests and final examinations, the groups using Al
tools performed better in questions related to innovative thinking and knowledge
application, while the non-AI tool group had more stable scores in basic knowledge
and code accuracy questions. In subject competitions, the groups using Al tools
have higher participation enthusiasm and more winners, indicating that Al can
promote the improvement of students’ innovative practical ability and competi-
tion performance. However, it is necessary to guide students in using Al correctly

to avoid violations.

5. Significant Value of Artificial Intelligence in Teaching
5.1. Enriching Teaching Resources and Methods

Artificial intelligence tools provide a vast amount of rich and timely updated
teaching resources for Python programming courses [25], such as diverse code
examples, detailed teaching cases, and cutting-edge technical documents. Teach-
ers can integrate these resources to make teaching content more vivid and three-
dimensional. Meanwhile, the Al intelligent question-answering system can an-
swer students’ questions in real-time, and the personalized learning recommen-
dation function can accurately push materials according to students’ situations,
improving the pertinence and efficiency of teaching and meeting the personalized

learning needs of different students.

5.2. Stimulating Students’ Innovative Ability

Through in-depth interaction with artificial intelligence, students break through
the limitations of traditional teaching resources, get in touch with cutting-edge
innovative knowledge, technology and concepts, broaden their thinking and
knowledge boundaries, and effectively stimulate innovative thinking. In project

development practice, Al tools provide inspiration and ideas at critical moments
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[26], helping students break through traditional thinking patterns, try novel de-
sign schemes, and develop more innovative and competitive project works,
providing strong support for cultivating students’ innovative spirit and practical

ability.

5.3. Cultivating Students’ Information Literacy and Autonomous
Learning Ability

When using AI tools, students need to screen, analyze, integrate and judge a large
amount of information and discriminate the rationality and reliability of AI-gen-
erated content. This process cultivates students’ information literacy, enabling
them to efficiently acquire, accurately evaluate and rationally use information in
the information age. Reasonable guidance for students to use Al tools for auton-
omous learning can exercise their autonomous learning planning [27], self-man-
agement and self-evaluation abilities, helping them develop good autonomous

learning habits and laying a foundation for lifelong learning.

6. Conclusion and Outlook

The exploration and implementation of Al-powered teaching reform in the Py-
thon programming course for senior students majoring in Electronic Science and
Technology at Nanfang College Guangzhou, reveals that while artificial intelli-
gence offers significant advantages and holds substantial value in education, chal-
lenges such as students’ over-reliance on Al tools and a lack of critical thinking
regarding Al-generated content remain. Moving forward, it is essential for educa-
tors to refine teaching methods and strategies, ensuring students use Al tools sci-
entifically and supervised. Emphasis should be placed on fostering autonomous
learning, innovative thinking, and critical thinking skills. By leveraging the com-
plementary strengths of Al and traditional teaching approaches, an efficient, in-
telligent, and innovative teaching model can be developed, facilitating the cultiva-
tion of high-quality professionals in Electronic Science and Technology who can
meet the demands of the rapidly advancing technological landscape. Furthermore,
ongoing attention must be paid to the evolving applications, challenges, and
trends of Al in education. This will enable timely adjustments to teaching reform
strategies, thereby advancing the modernization of educational practices.
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