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Abstract: This study focuses on the application effect of the artificial intelligence-enabled blended
teaching mode in Python courses and verifies its effectiveness through teaching practice. To enhance the
reliability of the experiment, an experimental group and a control group were designed for comparison.
The experimental group adopted a blended mode of "Al technology + traditional teaching”, while the
control group employed traditional teaching methods. The teaching experiment lasted 16 weeks. The
research adopted a pre-test-post-test design, comprehensively assessing the impact of Al tools on
students' learning interest, Python programming ability, and collaborative learning effectiveness
through multi-dimensional data, including analysis of the quality of Python code written by students and
surveys on students' engagement in learning Python language. The results indicated that the
experimental group, adopting the "Al technology + traditional teaching” approach, significantly
outperformed the control group in debugging efficiency, code complexity, and project completion (all t-
values > 6.45, p-values < 0.01). The average score of the experimental group in the post-test increased
by 13.3 points (p < 0.01), and their scores in learning interest and teaching mode satisfaction were
higher than those of the control group (p < 0.01). Through analysis, it was found that the real-time
feedback and personalized learning path design of Al tools effectively shortened the "error-correction”
cycle time, reducing programming error rates by 42% and increasing students' participation in
collaborative learning by 129%. The study demonstrated that the Al-enabled blended teaching mode can
significantly enhance the teaching effectiveness of Python and greatly assist in improving students’
programming abilities.
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1. Introduction

With the rapid development of information technology, Python, as an emerging programming
language, has gradually become a core tool in fields such as artificial intelligence, web development, and
data development due to its concise syntax, extensive support from third-party libraries (such as NumPy,
Pandas, TensorFlow, etc.), and good cross-platform compatibility. According to the information released
by the TIOBE Programming Language Index, Python has consistently ranked among the top three
programming languages, and its market share is gradually expanding at this stage. Consequently, an
increasing number of higher education institutions are incorporating Python as a core course for majors
such as artificial intelligence and computer technology into their teaching systems. Although Python is
relatively easy for students to learn, the traditional Python teaching mode still has many issues to be
addressed [, In the teaching process, teachers often focus on teaching Python syntax rules, and students
rarely have access to actual Python projects, resulting in poor practical abilities among students 2. For
instance, during the learning process, students typically only learn programming snippets from textbooks
and rarely integrate the programming in textbooks with real-world application scenarios (such as writing
scripts). The single evaluation model is also a drawback of the traditional Python teaching mode.
Teachers usually use final exam scores as the assessment results for students, but this method finds it
difficult to comprehensively evaluate students' abilities to solve practical problems. In addition, due to
the limited number of teachers, they are unable to provide personalized learning guidance for every
student. Students need to spend a considerable amount of time debugging Python code, leading to low
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learning efficiency and hindering their rapid mastery of Python-related knowledge and practical abilities
(3]

In response to the current status and challenges of Python teaching, literature [4-5] indicates that
Project-Based Learning (PBL) can effectively enhance students' learning interest and programming
abilities. However, the implementation of PBL requires teachers to possess rich project experience and
teaching resources, which imposes high demands on teachers and thus presents certain difficulties .
Additionally, the evaluation system of PBL needs to be improved, and how to scientifically assess
students' project outcomes remains a challenge for PBL 7). The introduction of artificial intelligence (AI)
technology offers a new approach to solving these corresponding problems 1. For example, intelligent
tutoring systems can provide students with personalized project guidance, helping them quickly resolve
issues encountered in projects; learning analytics platforms can record students' performance in projects,
providing comprehensive evaluation bases for teachers to fully grasp students' learning situations.

With the development of artificial intelligence technology, Al has also injected new vitality into the
field of education 1%, Utilizing some functions of Al tools, such as intelligent tutoring, automatic code
generation, and learning analytics, can provide students with personalized learning paths and offer real-
time feedback on programming errors and collaborative learning support ['. For instance, GitHub
Copilot can automatically generate code snippets based on code context, and CodeGeeX can analyze
Python code logic in real-time and provide code optimization suggestions. Through Al technology, not
only can teachers' burdens be alleviated, but students' learning experiences and outcomes can also be
significantly improved.

Currently, research on the integration of Al tools into Python teaching has achieved certain progress
[12-131 Y jterature [14] has validated that GitHub Copilot can enhance students' programming efficiency,
and literature ['! has explored how to design personalized learning paths using Al tools. Although Al
technology has begun to be integrated into the teaching field and has achieved certain results, current
research on integrating Al technology into teaching mostly focuses on the application of a single Al tool,
lacking discussions on the long-term effects and systematic design of Python teaching ['*!7. For example,
most studies only verify the effectiveness of GitHub Copilot in code generation but do not explore how
to deeply integrate GitHub Copilot into classroom teaching. At present, some researchers are attempting
to deeply integrate Al tools into Python teaching, but the corresponding experimental periods are short,
making it difficult to assess long-term effects ['8]. Currently, researchers still have certain limitations in
integrating Al tools and Python teaching. How teachers can adjust the content and difficulty of Python
teaching in real-time based on students' learning status and performance, and how to comprehensively
evaluate students' learning abilities and practical abilities, all require further exploration by teachers [!*],

Although Al tools can greatly improve students' programming efficiency, excessive reliance on Al
tools may lead to the degradation of students' programming thinking. Therefore, how to correctly guide
students in using Al tools and cultivate their programming and problem-solving abilities is currently an
important research direction 2%, In addition, introducing Al tools into teaching also brings new
challenges, such as how to design teaching plans to adapt to the characteristics of Al tools and how to
assess the impact of Al tools on students' learning effects [2!22],

At present, the integration of Al technology into teaching provides new opportunities for traditional
Python teaching. How to better utilize Al technology to enhance students' learning abilities and effects,
and to serve Python teaching, is a problem that needs to be solved at this stage. Future teaching research
should focus on the rational use of Al technology, the improvement of students' practical abilities, and
the optimization of teaching plans, providing theoretical and practical guidance for the innovation of
Python teaching.

2. Innovation of Python Teaching Mode Driven by Artificial Intelligence

In recent years, Al technology has developed rapidly, influencing the field of education and bringing
about significant changes in Python programming teaching ?3. In traditional Python programming
teaching, teachers often focus solely on explaining programming syntax, which fails to meet the needs
of cultivating students' practical abilities or addressing their individual learning requirements >4, Against
this backdrop, Al technology has injected new vitality into Python teaching 2. The following are new
ideas for integrating Al technology to reform Python programming teaching.
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2.1 Principles of Teaching Mode Design

Personalized Learning: Every student has their own learning pace and varying areas of weakness in
knowledge. Al diagnostic tools (such as Knewton) can comprehensively analyze students based on all
their learning data and customize personalized learning paths based on their knowledge gaps. For
example, for students who have not mastered the concept of lists, the Al system can recommend relevant
teaching videos and exercises, enabling students to grasp the knowledge more quickly.

Real-time Feedback: During the process of writing Python code, students may encounter coding
errors that need timely correction to avoid forming bad programming habits. Al code analysis tools (such
as CodeGeeX) can monitor students' code in real-time for errors. If an error is detected, the system will
promptly alert the student and provide suggestions for correction, thus optimizing the code. This real-
time feedback mechanism not only enhances students' learning efficiency but also improves their error-
correction abilities.

Collaborative Learning: Python teaching not only aims to equip students with good programming
skills but also requires them to have a sense of cooperation. Al platforms (such as GitHub Classroom)
provide a convenient environment for group project collaboration and code sharing, allowing students to
jointly edit code and solve problems encountered during the learning process, thereby enhancing their
team awareness and collaborative abilities.

2.2 Teaching Mode Framework

Pre-class Stage: Given the varying learning situations of each student, big data analysis is used to
understand each student's learning progress and abilities, and personalized micro-lesson videos and
preview tasks are recommended. Students learn before class based on the tasks recommended by the
system and engage in initial programming practice. Personalized tasks can enhance students' learning
interest and prepare them for related courses.

In-class Stage: After students complete their preview, Al analysis tools provide an in-depth analysis
of their preview effects, allowing teachers to identify students' learning difficulties and focus on
explaining these during class, enabling students to grasp the corresponding knowledge points more easily.
Through group discussions and group project exercises in the classroom, students can acquire knowledge
and improve their practical abilities.

Post-class Stage: After class, Al systems can grade students' assignments and automatically generate
learning reports. These reports provide students with their scores, analyze their errors in detail, and offer
learning suggestions and personalized learning paths to enhance their learning abilities.

2.3 Teaching Tools and Platforms

By integrating Al code generation tools with online programming platforms (such as LeetCode and
Niuke.com), students can access a convenient Python programming environment. These platforms enable
students to program Python online and utilize Al code generation tools for assistance, thereby facilitating
better code writing.

The combination of Al data analysis tools (such as PandasAl) and virtual laboratories (such as Jupyter
Notebook) also provides students with a good learning environment. After conducting experiments in
the virtual laboratory, students can analyze the data provided by the system to cultivate their
comprehensive abilities.

By integrating Al technology into Python teaching from multiple dimensions, not only can students'
learning abilities be significantly improved, but their interest in learning Python can also be enhanced.
The innovation of the Python teaching mode driven by artificial intelligence holds great significance for
Python teaching.

3. Experimental Research: Verification of The Innovation of The Ai-Empowered Python Teaching
Model

3.1 Experimental Design

To better verify the teaching effectiveness of the "AI + Python" blended teaching model, an
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experimental verification was conducted. The experiment employed a comparative experimental
approach for validation. The experimental group utilized the "AI + Python" blended teaching model
during instruction, while the control group continued to use the traditional Python teaching model. The
Python teaching cycle lasted 16 weeks, covering content such as Python basic syntax, function modules,
file operations, and structural algorithms, ensuring the breadth of the teaching scope. During instruction,
learning data and performance of students in both the experimental and control groups were collected
separately to deeply explore the impact of Al technology on Python teaching effectiveness.

3.2 Data Collection and Analysis

Throughout the entire experiment, to ensure the data had reference value, a multi-dimensional data
collection and analysis method was adopted. Firstly, through pre-tests and post-tests, standardized
programming tests were used to assess students' knowledge mastery levels. The test content included
multiple dimensions such as Python basic syntax, function modules, file operations, and structural
algorithms, ensuring the comprehensiveness and objectivity of the assessment results. Secondly, to better
understand students' attitudes towards the introduction of Al technology in teaching, corresponding
questionnaires were designed, including students' satisfaction with the teaching model, learning
motivation, and learning interest. To better analyze students' attitudes, the questionnaires were presented
in the form of a Likert scale. Additionally, students' code submission volume, error rates, and frequency
of Al tool usage during the experiment could all be collected using code analysis tools. The relevant data
records of the experiment are as follows:

Table 1 Evaluation of Programming Abilities

Indicator Experimental Group (n=50) Control Group (n=50) t-value/p-value

Code Complexity (Number of Lines) 128.3 +25.6 95.7+22.1 t=7.89, p<0.01

Debugging Efﬁ;ii‘i‘gg)mme for Error 12.4 + 3.7 minutes 18.6 + 4.2 minutes t=8.32, p<0.01
Project Completion (Number of Tasks) 4.8+0.9 35+1.1 t=6.45, p<0.01

The t-value and p-value in Table 1 are two commonly used indicators in statistics. The t-value is the
ratio of the difference between sample means to the standard error, and it can reflect the magnitude of
the difference between two groups of data. The p-value is the probability of observing the current or more
extreme results under the premise that the null hypothesis (Ho) holds true, and it is used to determine
whether the difference is caused by random error.

Table 2 Comparison of Pre-test and Post-test Learning Outcomes

Grou Pre-experiment Learning Outcomes | Post-experiment Learning Outcomes
P Mean Score t-value/p-value Mean Score t-value/p-value
Experimental Group 62.4+8.3 t=7.32, 85.6+7.2
= <
Control Group 61.8+9.1 p>0.05 72.3+8.5 9-12,p<0.01
Table 3 Learning Interest and Satisfaction (Likert 5-point Scale)
Dimension Experimental Group Control Group t-value/p-value
Learning Interest 4.6+0.5 32+0.8 t=10.23, p<0.01
Satisfaction with Teaching Mode 4.8+04 3.5+£0.7 t=11.45, p<0.01
Table 4 Code Quality Analysis
Group Average number of Error Rate Error Rate Error Rate
times of using Al Before After Reduction
tools per week Experiment Experiment
Experimental Group 12.3 28.7% 16.6% 42%
Control Group 0.5 29.1% 25.6% 12%
Table 5 Effectiveness of Collaborative Learning
Group Average number of Average Project t-value/p-value
collaborations per person on Score (out of 5
GitHub Classroom points)
Experimental Group 28 4.9 t=7.65, p<0.01
Control Group 12 3.8
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3.3 Analysis of Experimental Results

3.3.1 Significant Improvement in Programming Ability

Data analysis from Tables 1, 2, 4, and 5 reveals that the programming ability of students in the
experimental group is notably superior to that of students in the control group. Whether in terms of code
complexity or debugging efficiency, the experimental results are most favorable when Al-based teaching
is introduced. The experiment demonstrates that incorporating Al technology into Python instruction can
effectively enhance students' programming abilities and cultivate their practical skills, enabling them to
better master Python programming knowledge and achieve better teaching outcomes.

3.3.2 Notable Increase in Learning Interest

Table 3 indicates that the experimental group is more satisfied with the Al-integrated teaching model
and exhibits significantly higher learning interest compared to the control group. By providing
personalized teaching paths through Al technology, not only does it align with students' actual learning
needs, but it also enhances their learning interest.

3.3.3 Effective Reduction in Programming Error Rates

Table 4 shows that introducing Al tools can substantially reduce programming error rates. The
primary reason is that when students encounter programming errors during code writing, Al tools provide
real-time reminders and optimization suggestions for code improvement. Leveraging this functionality
not only enhances students' programming abilities but also fosters good programming habits.

3.3.4 High Frequency of AI Tool Usage

According to Table 4, students in the experimental group frequently use Al tools during their Python
learning process. By utilizing Al tools for code generation, analysis, and modification, students' learning
efficiency is improved. This phenomenon indicates that Al technology has become an indispensable
learning tool in students' Python learning journey.

The experiment has validated the effectiveness of the "AI + Python" blended teaching model.
Integrating Al technology into teaching not only benefits students' programming capabilities but also
significantly enhances teachers' teaching efficiency. Therefore, multi-dimensional integration of Al
technology into Python classrooms is an important research direction for future Python teaching.

4. Discussion and Suggestions
4.1 Discussion

Advantages of AI-Empowered Teaching Model: The Al-driven Python teaching model has brought
about a revolutionary change to traditional Python teaching. By utilizing Al diagnostic tools in Python
instruction, students' learning can be precisely pinpointed, and personalized learning paths can be
provided. Al diagnostic tools are highly targeted and can meet the needs of different students. When
students write Python code with the aid of Al code analysis tools, their coding efficiency can be
significantly improved. Al code analysis tools can provide real-time error prompts and optimization
suggestions for code, thereby greatly enhancing programming efficiency. Additionally, students can
leverage Al platforms for collaborative learning, jointly writing and sharing code, which enhances their
teamwork capabilities.

Comparison with Traditional Teaching Model: The Al-empowered Python teaching model is notably
more effective than the traditional Python teaching model, significantly improving students' academic
performance and learning abilities. Al platforms not only assist students in their learning but also enhance
their interest in learning and increase teacher-student interaction during the teaching process.

Challenges and Solutions: Although the Al-driven Python teaching model surpasses the traditional
model, it also presents certain challenges. Firstly, the transition of teachers from traditional knowledge
transmitters to learning facilitators poses a significant challenge and demands higher professional
competence from teachers. Secondly, excessive reliance on Al tools may have negative impacts on
students, such as impairing their independent thinking abilities and hindering the cultivation of their
independence. Lastly, student data privacy issues must be taken seriously, necessitating strengthened
protection and management of student data.
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4.2 Suggestions

Enhancement of Teacher Capabilities: The introduction of Al technology has raised the bar for
teachers. Therefore, schools should actively strengthen teacher training, encourage teachers to develop
more Al-driven teaching resources, and involve them more in Al-driven teaching to better enhance their
innovative capabilities.

Improvement of Teaching Infrastructure: Schools should provide more Al resources to students,
allowing them to enjoy a wealth of educational resources on Al platforms and offering them a better
learning environment.

Policy Support: Education authorities should lead the research direction of Al-empowered teaching,
promote interdisciplinary collaboration, and safeguard the security and privacy of student data through
legal means.

5. Conclusion and Prospects

Experiments have demonstrated that the Al-driven hybrid Python teaching approach significantly
outperforms traditional Python teaching. Al technology plays a crucial role in students' personalized
learning, constructing personalized learning paths, real-time code error correction, and code optimization.
Al technology enhances students' interest in Python learning and their programming abilities, achieving
favorable teaching outcomes.

In future teaching, more Al technologies can be introduced into Python instruction, such as
integrating Al technology with virtual reality (VR) to create immersive programming environments and
improve students' learning interest and experience. Teachers should also promptly update Al-driven
teaching evaluation models to comprehensively assess students' programming thinking abilities and
prepare for subsequent teaching reforms.

In subsequent teaching, the Al-empowered teaching model can be extended to other disciplines,
promoting the application of Al technology in the teaching field and enhancing students' learning abilities
and outcomes.
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