
ARTICLE

What factors will affect the effectiveness of using
ChatGPT to solve programming problems? A
quasi-experimental study
Yuhui Jing1, Haoming Wang2, Xiaojiao Chen1 & Chengliang Wang2✉

The emergence of ChatGPT has sparked new expectations for AI-empowered educational

transformation. However, it remains unknown which factors affect its effectiveness in

empowering learners to solve programming problems. Therefore, this study employed a

quasi-experimental research design and used Python graphing in programming education as

an example to investigate the factors influencing the effectiveness of learners in applying

ChatGPT to problem-solving. Findings: AI literacy significantly influences learners’ effec-

tiveness in using ChatGPT to solve problems, with AI awareness and AI usage being key

factors. The knowledge base of programming language significantly affects learners’ effec-

tiveness in applying ChatGPT to solve programming problems. Learners’ cognitive level of

ChatGPT significantly influences their effectiveness in applying ChatGPT to problem-solving,

while usage intention does not have a significant impact. However, learners’ intention to use

ChatGPT significantly improves after application. Based on these findings, this study pro-

poses that in the process of empowering education with Artificial Intelligence Generated

Content (AIGC) products, the focus on learners should shift from cultivating their AI usage to

AI literacy, laying the foundation for empowering learning with AIGC products. It is suggested

to shift from mastering specific knowledge to graph-based rules as a method for empowering

learning with AIGC products. Additionally, the focus should shift from enhancing learners’

intention to use the technology to strengthen their technological awareness, thereby creating

practical pathways for empowering learning with AIGC products.
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Introduction

At the end of 2022, ChatGPT emerged, elevating the
application of artificial intelligence (AI) technology in
educational reform to a new peak in educational research

and practice (Hwang and Chen, 2023; Lodge et al., 2023).
ChatGPT, as the current pinnacle of Artificial Intelligence Gen-
erated Content (AIGC), even being termed as the ‘singularity’ in
generative AI applications, is bound to compel the establishment
of new methods in AIGC-enabled education due to its out-
standing or disruptive features (Rahman and Watanobe, 2023). In
this context, given ChatGPT’s exceptional programming and
precise answering capabilities (Luo et al., 2023), some scholars
have noted that ChatGPT’s functions pose a threat to some
programmers (Ouh et al., 2023; Jalil et al., 2023). Others have
suggested that with the advent of ChatGPT, the methods of
teaching programming need to be rethought (Jacques, 2023). In
summary, compared to other subjects, ChatGPT’s presence will
have an immeasurable impact on programming and its teaching
and learning. Thus, exploring the impact of ChatGPT on pro-
gramming education has become a key research topic that the
educational field is focusing on and urgently needs to undertake.
However, current research on ChatGPT and programming
learning is scarce, with the focus on the impact of ChatGPT on
programming learning outcomes, and methods and strategies for
programming learning assisted by ChatGPT, including its lim-
itations and risks, mainly in the form of theoretical review articles
(Yilmaz and Yilmaz, 2023). There has been no research found
that systematically explores the impact of ChatGPT on pro-
gramming problem-solving from the perspective of influencing
factors. To find more effective methods for ChatGPT-assisted
programming problem-solving, this study uses a quasi-
experimental research method, taking Python drawing in pro-
gramming education as an example, to explore specific factors
affecting learners’ programming problem-solving outcomes
under the assistance of ChatGPT, and thus form targeted teaching
and learning suggestions. Specifically, the study conducted pre-
and post-tests from multiple dimensions including AI literacy,
foundational programming knowledge, technical cognitive level,
and willingness to use, systematically discussing the value and
significance of ChatGPT in programming education, and
attempting to answer what new teaching logic should be reflected
in programming education empowered by new technologies.
With empirical exploration as the direction, the study aims to
provide evidence reference for building effective teaching meth-
ods for ChatGPT-like products from the perspective of pro-
gramming teaching, to promote high-quality development in
AIGC-enabled education.

Literature review
Review of educational applications of artificial intelligence and
traditional intelligent conversational Chatbots. Prior to the
emergence of ChatGPT, AI had already been widely applied in
education, and various scholars have extensively discussed its
empowerment in education from the perspectives of theore-
tical exploration and system development. For instance, in the
realm of theoretical exploration, researchers have established
ethical principles for AI educational applications (Nguyen
et al., 2023), methods and models for AI-empowered teaching
(Liu et al., 2021), as well as examined the risks and opportu-
nities AI brings to education (Situmorang et al., 2023; Far-
rokhnia et al., 2023), among others. At the system
development level, a series of AI systems have been developed,
such as those guiding novice programmers in learning (Cruz
et al., 2017) and assisting teachers in creating programming
exercises (Chung et al., 2023).

Intelligent conversational chatbots similar to ChatGPT have
also found multiple applications in education (Wu and Yu, 2023;
Okonkwo and Ade-Ibijola, 2021; Han et al., 2022), including
writing exercises (Kılıçkaya, 2020), mathematics teaching (Lee
and Yeo, 2022), and language instruction (Kohnke, 2022), among
others. However, previous chatbots before ChatGPT have shown
remarkable effectiveness in addressing simple questions, language
learning, and text processing (Hiremath et al., 2018; Zhang et al.,
2023). Nonetheless, they still have various limitations in under-
standing contextual situations and providing answers that meet
user needs (Hwang and Chang, 2021).

Current analysis of ChatGPT’s educational applications.
Compared to previous intelligent chatbots, ChatGPT’s remark-
able text comprehension abilities, long-form text generation
capabilities, and programming skills have prompted educational
researchers to reconsider its educational applications on top of
the existing AI foundations. In the current discourse on
ChatGPT’s educational applications: in terms of research content,
the focus primarily lies on ChatGPT’s basic functionalities and
internal mechanisms, educational application scenarios and
future challenges, educational value and limitations, ethical issues,
and potential risks (Zhai, 2022; Cooper, 2023; Kohnke et al., 2023;
Humphry and Fuller, 2023; Su and Yang, 2023; Bauer et al., 2023;
Tlili et al., 2023). As for the categories of research, these primarily
involve ChatGPT’s programming and mathematical performance
(Surameery and Shakor, 2023; Frieder et al., 2023), as well as its
impact on financial education (Dowling and Lucey, 2023), med-
ical education (Kung et al., 2023; Gilson et al., 2022), second-
language education (Yan, 2023), engineering education (Qadir,
2022), and programming education (Yilmaz and Yilmaz, 2023).
In summary, the aforementioned studies mainly focus on
ChatGPT itself, exploring its performance and its impact on
teaching and learning across various disciplines.

Current status and review of ChatGPT’s application in pro-
gramming education. Despite the abundant research surround-
ing the educational applications of ChatGPT, studies focusing on
the programming discipline are still extremely scarce, especially
high-quality academic journal articles that have undergone peer
review. A review of the limited existing research on the combi-
nation of ChatGPT and programming reveals that the studies
mainly fall into three categories: The first category primarily
explores ChatGPT’s own programming performance. For
instance, Tian et al. (2023) conducted an empirical study on the
potential of ChatGPT as an automatic programming assistant,
demonstrating its dominant role in handling programming issues
while also revealing its limitations in understanding general
problems. Surameery and Shakor (2023) discussed the methods
and limitations of using ChatGPT to solve programming bugs.
Kashefi and Mukerji (2023) explored, for the first time,
ChatGPT’s capability in programming numerical algorithms. The
second category mainly investigates the methods, opportunities,
and limitations of learners learning programming with the
assistance of ChatGPT, such as the opportunities for scientists
and engineers to learn programming using AI tools like ChatGPT
(Guo, 2023), and the methods and limitations of ChatGPT in
enhancing learners’ programming skills (Rahman and Watanobe,
2023). The third category primarily examines the impact of
ChatGPT on learners’ programming learning performance, with
very few related studies such as exploring the impact of pro-
gramming education using ChatGPT on students’ computational
thinking abilities, programming self-efficacy, and learning moti-
vation (Yilmaz and Yilmaz, 2023).
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In summary, existing research mainly focuses on ChatGPT’s
programming performance and the undertaking of programming
learning by learners assisted by ChatGPT, with the latter aimed at
examining the impact of ChatGPT on the effectiveness of
learners’ programming learning. To my knowledge, there has
not yet been a study exploring the specific factors affecting the
effectiveness of learners using ChatGPT to solve programming
problems, nor how learners undertake programming learning
with the assistance of ChatGPT. However, this issue is key to
promoting the effective empowerment of programming teaching
and learning by ChatGPT. In view of this, our study uses Python
drawing as an example to systematically explore the specific
factors that affect learners’ effectiveness in solving programming
problems with ChatGPT.

Research design
Research questions. This study aims to explore the factors that
affect the effectiveness of learners’ application of ChatGPT in
solving programming problems. Previous studies have shown that
AI literacy is an important factor in assessing learners’ ability to
successfully apply AI technologies (Wang et al., 2022; Kong et al.,
2022). Additionally, ChatGPT possesses a vast amount of
knowledge, and people are highly interested in the emergence of
similar ChatGPT products. Will this shift the focus of learners’
knowledge acquisition? Moreover, learners’ cognitive level and
intention to use new technologies are often considered key factors
influencing the effectiveness of technology utilization (Chai et al.,
2021; Yu et al., 2023; Wang et al., 2023). Based on this, the
present study investigates the effects of learners’ AI literacy,
programming knowledge base, ChatGPT cognitive level, and
ChatGPT usage intention. Taking Python drawing in program-
ming education as an example, the study focuses on three
research questions:

RQ1: Does learners’ AI literacy affect the effectiveness of their
application of ChatGPT in solving Python programming
problems?

RQ2: Does learners’ programming knowledge base affect the
effectiveness of their application of ChatGPT in Python
programming problem-solving?

RQ3: Does learners’ cognitive level of ChatGPT and their
intention to use it in teaching affect the effectiveness of their
application of ChatGPT in solving Python programming
problems? And does their intention to use it in teaching change
significantly before and after application?

Research object. The participants of this experiment mainly
consisted of 53 undergraduate students from A University in
Zhejiang Province. However, due to uncontrollable factors during
the experiment, such as software malfunctions and incomplete
pre-test and post-test data, 3 participants were excluded, resulting
in a final sample size of 50 participants. The basic distribution of
the valid participants can be found in Table 1.

Instruments. The materials required for this experiment consist
of six components.

Material 1. The basic information survey questionnaire was used
to understand the participants’ demographics and their famil-
iarity with ChatGPT. This questionnaire primarily collects the
following information: participant’s gender, major, familiarity
with the Python plotting library Matplotlib (Appendix 1), and
familiarity with ChatGPT (Appendix 2).

Material 2. AI Literacy Scale was used to assess the participants’
AI literacy. This study employed the AI Literacy Scale developed
by Wang et al. (2022). The scale is a Likert-type self-report
questionnaire consisting of four primary dimensions: AI aware-
ness, AI usage, AI evaluation, and AI ethics. Each primary
dimension contains three items. (Appendix 3).

Material 3. ChatGPT Usage Intention Scale was used to assess the
participants’ attitudes towards using ChatGPT in educational
settings. This scale is adapted from the AI Technology Instruc-
tional Use Intention Scale developed by Chai et al. (2021). It is
also a Likert-type self-report questionnaire consisting of three
items. Drawing from various instructional contexts, it investigates
learners’ intention to accept the application of ChatGPT in
education (Appendix 4).

Material 4. Instructional materials are designed to assist learners
in understanding the tools used in the experiment. This study
focuses on evaluating the effectiveness of learners in completing
complex programming tasks with the assistance of ChatGPT. To
ensure a smooth instructional process, several scenarios and case
studies have been prepared to familiarize learners with the usage
of ChatGPT and the basic functionalities of Matplotlib. These
materials aim to help participants overcome any obstacles related
to tool usage before the formal experiment.

Material 5. Task sheet designed to assist participants in better-
completing programming learning tasks. It consists of three
sections: prompts for using ChatGPT and the Matplotlib plotting
library, task scenario, and criteria for evaluating practical
achievements.

Materials 6. The experimental tools required include Python tools
and ChatGPT accounts. The Python toolkit includes Python
installation packages and Matplotlib. Additionally, to prevent
interference among participants and ensure consistent perfor-
mance and responsiveness when using ChatGPT, this study
provided each experimental participant with an independent
account for the latest version of ChatGPT from the OpenAI
official website. It is important to note that this research chose
Python as the programming language for several reasons. Firstly,
according to the September 2023 TIOBE index (TIOBE, 2023),
Python is currently the most popular programming language.
Secondly, Python is relatively easy for beginners to learn. Con-
sidering that the participants in the study might include indivi-
duals with limited programming experience, Python is more
suitable for this research compared to languages like Java, which
have higher entry barriers. Additionally, Python is open-source
and free, with a large developer community, making it easy to
access support and solutions for programming-related issues.
Given these factors, Python undoubtedly emerged as the most
suitable programming language for this research.

Experimental process. The experimental procedure was con-
ducted in accordance with the general specifications of quasi-
experimental research (Ritchie et al., 2013; Babbie, 2016), incor-
porating design patterns from relevant quasi-experimental
empirical studies (Lee et al., 2022; Mo et al., 2022; Shadiev

Table 1 Participant distribution table.

Gender Major

Male Female Mechanical
engineering

Educational
technology

Computer
science

N 32 18 13 27 10
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et al., 2021; Hsu et al., 2012; Yang et al., 2021). The experimental
process consisted of five stages and the entire experiment lasted
approximately four weeks, as depicted in Fig. 1.

Step 1: Material preparation and participant recruitment. This
stage primarily involves material design, pre-testing, and parti-
cipant recruitment. Firstly, we designed a programming project
called "Stacked Bar Chart Drawing" based on the Python Mat-
plotlib library. Then, five participants were recruited for the pre-
test (following the exact procedure of the formal experiment).
The pre-test results indicated that the programming project’s
difficulty level was moderate, and with the assistance of ChatGPT,
it took approximately 50 min to complete (with an average score
of around 85 among the 5 participants). This suggests that the
task was not one that could be completed solely relying on
ChatGPT; rather, it was a programming project that required
continuous interaction and exploration with ChatGPT. It served
as an inquiry-based learning activity. Lastly, formal experimental
participants were recruited.

Step 2: Pre-experimental preparation. This stage focuses on con-
ducting a basic information survey of the participants and pre-
paring the necessary tools. Firstly, prior to the start of the

experiment, a survey of the participants’ basic information is
conducted, along with an assessment of their familiarity with
ChatGPT. Subsequently, the experimental tools are prepared by
distributing a standardized Python installation package (version
3.9.5) and configuring the controlled variable of a unified version
of the Matplotlib (version 3.7.0). This ensures the elimination of
interference factors caused by differences in tool versions. Fol-
lowing the distribution of the experimental tools, a 2-week period
of technical familiarization takes place.

Step 3: Pre-test. Prior to the formal experiment, participants
were asked to complete the AI Literacy Survey and the
ChatGPT Usage Intention Scale. After the experiment, the
reliability and validity of the two scales were verified. The
Cronbach’s α coefficients for the four dimensions of the AI
Literacy Survey were as follows: AI Awareness (0.905), AI
Usage Ability (0.933), AI Evaluation Ability (0.861), and AI
Ethical (0.863), all exceeding 0.8, indicating good reliability.
The overall KMO coefficient was 0.872 (>0.8), indicating good
structural validity. Further factor analysis revealed clear factor
structures for the four dimensions. The Cronbach’s α coeffi-
cient of the ChatGPT Instructional Use Intention Scale was
0.863 (>0.8), indicating good reliability.

Fig. 1 Experimental design process.
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Step 4: Formal experiment. To provide participants with the
necessary context for the experiment, they were initially presented
with specially designed instructional materials. These materials
aimed to familiarize them with the basic usage of ChatGPT and
the Matplotlib library. Additionally, efforts were made to ensure a
smooth technical setup by debugging the Python runtime
environment and network, thus minimizing potential technical
issues that could impact the experiment. As part of the briefing,
participants were introduced to the programming task scenario
and project requirements, and they were provided with a task
sheet that included the task scenario as shown in Fig. 2. This
figure depicted a two-dimensional representation of the weekly
library entry and exit records of five dormitories, each housing
four residents. Each row element represented a dormitory, labeled
as Dorm 301–305, while the column elements represented the
days of the week. For example, the number 3 in the first row and
second column indicated that three students from that dormitory
entered or exited the library on Tuesday. These visual repre-
sentations were crucial in helping participants understand the
practical task at hand—to utilize ChatGPT and the provided data
along with the Matplotlib library to draw a stacked bar chart that
visualizes the entry and exit records of these five dormitories from
Monday to Friday more intuitively. With this contextual infor-
mation, participants were officially instructed to commence the
practical phase, with a time limit of 50 min to complete the task.

Step 5: Post-test and project effectiveness evaluation. After com-
pleting the programming project task, participants submitted

their practical outcomes (stacked bar charts) through an online
platform (a sample of project outcomes is shown in Fig. 3). They
also filled out the ChatGPT Instructional Use Intention Scale
again. Following the scale completion, six students were ran-
domly selected for semi-structured interviews regarding their
experiences using ChatGPT and their instructional use intentions.
After the interviews, the project entered the effectiveness eva-
luation phase. Research personnel assessed 50 project outcomes
based on evaluation criteria. The criteria included coordinates,
legends, colors, overall coherence, numerical indicators, titles, and
stacking patterns, comprising seven observation points. Each
observation point consisted of 2–4 rating criteria, resulting in a
total of 20 rating criteria. Each rating criterion had a maximum
score of 5 points, amounting to a total of 100 points. To ensure
objective and fair scoring, two researchers independently rated
the project outcomes and the average score was taken as the final
score. The assessment revealed consistent scores for 46 project
outcomes, with minor errors below 5 points observed in 4 scores.
According to the formula for inter-rater reliability calculation, the
coefficient R was 0.958, indicating good reliability of the scoring
results (Gaur and Kumar, 2018).

Results
In this study, the effectiveness of learners in applying ChatGPT to
solve programming problems was assessed based on their project
outcomes’ scores (S). The study also incorporates other related
concepts, including AI literacy and programming knowledge base.

Fig. 2 Task sheet (Task Scenario part).

Fig. 3 Examples of project outcomes.
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AI literacy refers to the learners’ capability to comprehend AI,
utilize AI for task completion, assess the data and information
provided by AI, and understand the ethical and moral norms
related to AI usage (Wang et al., 2022; Chai et al., 2020). It is
inherently a non-operational concept. In this study, the AI lit-
eracy scale developed by Wang et al. (2022) was employed to
measure AI literacy across four dimensions: AI awareness, AI
usage, AI evaluation, and AI ethics.

Furthermore, when referring to the programming knowledge
base in this study, it primarily pertains to learners’ proficiency in
Python and their knowledge of Matplotlib. Matplotlib, which
encompasses data visualization in Python, falls under the category
of fine-grained knowledge within the Python programming
language.

Next, we will analyze the influencing factors on learners’
effectiveness in applying ChatGPT to solve programming pro-
blems from three major dimensions.

The influence of AI literacy on the effectiveness of using
ChatGPT to solve programming problems
The impact of AI literacy on the effectiveness of using ChatGPT to
solve programming problems. This study drew inspiration from
the research design of Yang et al. (2021) and adopted the scale-
based experimental data collection approach described by Yilmaz
and Yilmaz (2023) for the competency section of this study.
Initially, participants were categorized into high AI literacy and
low AI literacy groups based on the results of the AI literacy
survey. Subsequently, an independent samples t-test was
employed to analyze the programming problem-solving effec-
tiveness (S) among participants with different levels of AI literacy.
The results are shown in Table 2. The study found a significant
correlation between the level of AI literacy and the effectiveness of
using ChatGPT to solve programming problems (t=−5.027,
p= 0.000 < 0.05), with participants in the high AI literacy group
(S= 85.577) achieving significantly higher scores than those in
the low AI literacy group (S= 66.458).

Since AI literacy is a relatively novel concept that has not yet
been widely applied in quasi-experimental and experimental
studies, we can compare the results of this study with research
that explores computational thinking and Artificial Intelligence
capability (Yilmaz and Yilmaz, 2023; Wang et al., 2023). For
example, in the study by Wang et al. (2023), it was found that
there is a positive correlation between Artificial Intelligence
capability and learner performance. Learners with higher
Artificial Intelligence capability tend to achieve better results in
tasks, which aligns with the findings of this study.

Impact of AI literacy’s different dimensions on the effectiveness of
using ChatGPT to solve programming problems. Based on the
measurement results of AI awareness, AI usage, AI evaluation,
and AI ethics, participants were categorized into high and low AI
literacy groups (Yang et al., 2021). Independent samples t-tests
were conducted to examine the score (S) of solving programming
problems for different groups within each of the four dimensions.

Specific results are presented in Table 3. From Table 3, it can be
observed that AI awareness and AI usage significantly affect the
effectiveness of learners in using ChatGPT to solve programming
problems, while AI evaluation and AI ethics standards did not
have a significant impact.

AI awareness literacy primarily refers to the ability to identify
and understand AI before or during the use of AI-related
applications, which is considered a cognitive process (Calvani et
al., 2009; Hallaq, 2016). From this perspective, AI awareness focuses
on the perceptiveness of AI before its use (Wang et al., 2022). In this
study, AI awareness refers to the materials presented to the
participants before the project implementation to understand the
assistive role of ChatGPT in learning. During this process, learners
with higher AI awareness are more likely to effectively apply their
objective understanding of ChatGPT’s capabilities to solve
programming problems, thereby achieving better completion of
programming tasks within the given timeframe.

AI usage literacy refers to the capacity to use AI to accomplish
tasks, which emphasizes the operational aspect of AI literacy. It
includes proficiency in AI applications and related products,
familiarity with the operating standards of AI tools, and the
ability to integrate different types of AI applications and tools to
solve problems. AI usage refers to the capacity to use AI to
accomplish tasks. It includes proficiency in AI applications and
related products, familiarity with the operating standards of AI
tools, and the ability to integrate different types of AI applications
and tools to solve specific problems. The study found that AI
usage significantly impacts the effectiveness of participants in
using ChatGPT to solve programming problems.

AI evaluation literacy primarily refers to the user’s ability to
compare similar products and select the optimal solution. AI
ethics literacy refers to the user’s concern for ethical issues that AI
may raise, such as privacy breaches (Wang et al., 2022). In this
study, there are possible reasons why these two dimensions did
not have a significant impact on learners’ effectiveness in solving
programming problems: firstly, the study specified ChatGPT as
the tool for completing the project tasks, eliminating the need for
learners to make independent choices; secondly, during the
project implementation, a relatively stable and secure ChatGPT
environment was provided to learners, aiming to minimize the
occurrence of ethical issues.

The impact of programming knowledge base on the effective-
ness of using ChatGPT to solve programming problems
Impact of Python knowledge base on the effectiveness of using
ChatGPT to solve programming problems. In this study, partici-
pants came from different major backgrounds, and due to
variations in the curriculum plans across these majors, some
students had completed a 3-credit Python course (Group A,
Major: Educational Technology), some had completed a

Table 2 Analysis of the impact of AI literacy on the
effectiveness of using ChatGPT to solve programming
problems.

Group N Score (S) SD t-value df p

Low AI Literacy
Group

24 66.458 14.005 −5.027 48 0.000

High AI Literacy
Group

26 85.577 12.890

Table 3 Analysis of the impact of AI literacy’s different
dimensions on the effectiveness of using ChatGPT to solve
programming problems.

Specific
literacy

Group N Score (S) SD t-value df p

AI
Awareness

Low 25 66.800 14.905 −5.066 48 0.000
High 25 86.000 11.704

AI Usage Low 24 69.063 13.689 −3.332 48 0.002
High 26 83.173 16.040

AI
Evaluation

Low 25 73.000 17.245 −1.481 48 0.145
High 25 79.800 15.154

AI Ethics Low 25 75.800 17.526 −0.256 48 0.799
High 25 77.000 15.596
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4-credit Python course (Group B, Major: Computer Science),
while others had not taken any Python course (Group C, Major:
Mechanical Engineering). This resulted in differences in the
participants’ programming knowledge base. The relationship
between the Python knowledge base and the effectiveness of
using ChatGPT to solve programming problems was analyzed
using a one-way analysis of variance (ANOVA) method, as
shown in Table 4. The results indicated that the Python
knowledge base significantly impacted the effectiveness
(F= 7.039, p= 0.002 < 0.05). Further post-hoc multiple com-
parison analyses revealed significant differences in the pro-
gramming problem-solving score between Group A and Group
C (p= 0.002 < 0.05) and between Group B and Group C
(p= 0.002 < 0.05). However, there was no significant difference
between Group A and Group B (p= 0.484 > 0.05).

Based on the analysis above: Firstly, the Python knowledge
base is an important factor that affects the effectiveness of
learners in applying ChatGPT to solve programming problems.
Learners with a solid foundation in Python have a significant
advantage in the effectiveness of using ChatGPT to solve
programming problems. Secondly, learners who possess a solid
foundation in Python (Group A and B) show no significant
differences in the effectiveness of solving programming problems
using ChatGPT, despite variations in their knowledge levels.

By examining the question records of 50 participants stored in
their ChatGPT accounts, a significant correlation was found
between the above research findings and the characteristics of the
ChatGPT tool. Specifically, using ChatGPT requires learners to
accurately express their problem requirements. In the context of
this study, solving programming problems necessitates learners to
have a certain foundation in programming in order to accurately
break down programming tasks and express the corresponding
problem statements. Participants who lack a knowledge base in
Python find it challenging to transform programming tasks into a
series of questions suitable for natural language processing using
ChatGPT. On the other hand, participants with a solid
foundation in Python can provide ChatGPT with clear and
precise instructions based on their own Python knowledge, thus
enabling them to complete programming tasks with the assistance
of ChatGPT. Despite the variation in the level of the Python
knowledge base, the final effectiveness of solving programming
problems did not show significant differences because ChatGPT
addressed the specific programming details.

The impact of Matplotlib knowledge base on the effectiveness of
using ChatGPT to solve programming problems. To confirm the
above viewpoint, this study further used the level of knowledge in the
Matplotlib plotting library as an independent variable (measured
items can be seen in Appendix 1) to categorize the participants into
three groups: no base in Matplotlib knowledge (0–2 correct answers),
weak base in Matplotlib knowledge (3-4 correct answers), and good
base in Matplotlib knowledge (5 correct answers). One-way analysis
of variance (ANOVA) was used to test the differences in practical
achievement scores corresponding to different levels of the Matplotlib
knowledge base (see Table 5). It was found that the level of Mat-
plotlib knowledge base did not have a significant impact on the

effectiveness of learners in using ChatGPT to solve programming
problems (F= 1.283, p= 0.287 > 0.05).

Based on the above results, the involvement of ChatGPT in
helping learners solve domain-specific problems, combined with
a systematic foundation in the subject, highlights the importance
of mastering scientific knowledge framework, basic expression
standards (Python language specifications), and the ability to
decompose complex tasks and transform them into problem-
solving strategies. This importance surpasses the mere accumula-
tion of specialized knowledge.

It should be noted that this study contributes some novel findings
in this regard. Previous research has not focused on the impact of
learners’ programming knowledge base on the effectiveness of
applying ChatGPT (or other AI technologies) to solve program-
ming problems. Many studies have stopped at discovering that
ChatGPT (or other AI technologies) can improve the efficiency and
quality of programming problem-solving (Yilmaz and Yilmaz, 2023;
Katchapakirin et al., 2022). Based on the findings of this study, we
can further analyze and point out that for learners with no
programming background, the assistance provided by ChatGPT is
limited. However, for learners with some programming knowledge,
ChatGPT can significantly enhance their upper limit of program-
ming ability, enabling them to better and faster complete relatively
complex programming tasks. For learners with a higher program-
ming knowledge base, the assistance effect of ChatGPT is not as
pronounced as for those with some programming knowledge.
Although our study focused on Python as a tool, we believe that this
conclusion will still hold true for other programming languages, and
we will explore this further in future research.

This original conclusion from our study actually illuminates a
new logic for learning in the era of education empowered by
ChatGPT. Knowledge acquisition and application become
inseparable, especially in programming learning, where greater
emphasis is placed on problem decomposition. Learners need to
focus more on problem-solving thinking and logic, rather than
just coding ability and efficiency.

The impact of learners’ cognitive level and usage intention
towards ChatGPT on the effectiveness of solving programming
problems
The impact of learners’ cognitive level of ChatGPT on the effec-
tiveness of solving programming problems. Building upon the

Table 4 Analysis of the impact of Python knowledge base on the effectiveness of learners in applying ChatGPT to solve
programming problems.

Group Python knowledge base N Score (S) SD F p

Group A 3 Credits Python Fundamentals 27 79.907 15.008 7.039 0.002
Group B 4 Credits Python Fundamentals 10 83.750 15.954
Group C No System Python Base 13 63.462 13.012

Table 5 Analysis of the impact of Matplotlib base on the
effectiveness of learners in using ChatGPT to solve
programming problems.

Matplotlib knowledge base N Score (S) SD F p

Not in contact with Matplotlib 25 72.700 17.011 1.283 0.287
Weak Matplotlib knowledge
base

21 80.119 14.566

Good Matplotlib knowledge
base

4 80.000 14.142
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previous research, this study further explores the impact of
learners’ cognitive level and usage intention towards ChatGPT on
their effectiveness in using ChatGPT to solve programming
problems, as well as the changes in usage intention before and
after usage.

Learners’ cognitive level of ChatGPT mainly refers to their
understanding of ChatGPT prior to usage. In this study, a
cognitive level scale was developed based on the technical
awareness scale by Venkatesh (2000) to measure the participants’
cognitive level of ChatGPT (see Appendix 2). Based on the
measurement results, the 50 participants were divided into a low
cognitive-level group and a high cognitive-level group (Yang
et al., 2021). An independent samples t-test was conducted to
examine the learning effectiveness between the two groups (see
Table 6), revealing a significant impact of participants’ cognitive
level of ChatGPT on the effectiveness of using it to solve
programming problems (t=−2.441, p= 0.018).

The higher the learners’ cognitive level of ChatGPT, the clearer
their understanding of its principles and functions. On one hand,
they can effectively delegate the parts of programming tasks that
are suitable for ChatGPT to it for completion. On the other hand,
they can easily provide ChatGPT with instructions that are easy
to comprehend. As a result, they can achieve better, faster, and
even surpass the target in completing programming projects. In
some cases, individual learners enhanced the esthetics of stacked
bar charts by utilizing ChatGPT, building upon the requirements
of their programming projects.

The impact of learners’ usage intention towards ChatGPT on the
effectiveness of solving programming problems. Learners’ usage
intention towards ChatGPT refers to their attitude towards
using ChatGPT in teaching and learning contexts. The scale
used to measure learners’ teaching usage intention towards
ChatGPT in this study was adapted from the AI Usage Intention
Scale developed by Chai et al. (2021) (see Appendix 4). Using
this scale, the usage intention towards ChatGPT of the 50 par-
ticipants was measured, and based on the measurement results,
they were divided into low intention group and high intention
group (Yang et al., 2021). Subsequently, an independent samples
t-test was conducted to examine the practical achievement
scores between the two groups (see Table 7). From Table 7, it
can be observed that the teaching usage intention towards
ChatGPT did not have a significant impact on the participants’
effectiveness in using ChatGPT to solve programming problems
(t= 0.599, p= 0.552 > 0.5). This result contradicts the findings
of international studies that suggest a significant impact of usage
intention towards technology on learners’ learning performance
(Sung et al., 2017).

In order to further explore and explain the reasons behind the
above results, this study conducted semi-structured interviews
with six participants. Two main reasons were identified: First,
high-achieving students tended to be resistant to using ChatGPT
to complete programming projects. This resistance stemmed
from their high confidence in problem-solving and the belief that

the intervention of ChatGPT would diminish their learning
advantage compared to other classmates. Second, participants
who had not developed a comprehensive understanding of
ChatGPT were influenced by their subjective norms when it came
to their intention to use it. Some participants believed that
ChatGPT was capable of anything, thus enhancing their intention
to use it. These findings were attributed to the participants’
limited knowledge of ChatGPT and the hype surrounding its
disruptive and outstanding performance compared to previous
technologies. Therefore, this serves as a reminder that when faced
with new technologies, it is important to avoid both conservative
attitudes and blind optimism. Developing a rational and objective
understanding of the technology is key to effectively utilizing it
and maximizing its educational benefits.

The usage intention towards ChatGPT of participants before and
after project implementation. This study further collected parti-
cipants’ usage intention towards ChatGPT after completing pro-
gramming projects using it. Then, a paired samples t-test was
conducted to analyze the usage intention towards ChatGPT of
participants before and after project implementation (see Table 8).
The results revealed that the usage intention towards ChatGPT
increased significantly after the completion of programming
projects, with a mean score of 8.420 (compared to the pre-test
mean score of 7.180), indicating a significant improvement in
usage intention towards ChatGPT (p= 0.017 < 0.05). This sug-
gests that the application of ChatGPT not only helps participants
develop a comprehensive understanding of ChatGPT but also
enhances their intention to use this new technology in learning. In
other words, learners’ perception of AI technologies such as
ChatGPT influences their intention to use them. The conclusion
on this point is consistent with previous research. For example,
Huang et al. (2023) found that personalized video recommenda-
tions based on AI can increase learners’ motivation to learn.
Studies by Fryer et al. (2019) and Huang & Qiao (2022) also
indicate that using chatbots in language learning can enhance
learner engagement and motivation. Therefore, it can be inferred
that when learners become aware of a technology with significant
potential benefits for learning, they tend to have higher satisfac-
tion and, consequently, an increased willingness to use it.

In this study, it was found that the intention to use ChatGPT
among participants did not significantly affect the effectiveness of
solving programming problems (detailed analysis has been
conducted, but further validation is needed in other disciplines).
However, previous research has demonstrated that AI, repre-
sented by ChatGPT, can indeed enhance the efficiency of teaching
and learning (Zheng et al., 2021), and they have the potential to
empower the intelligent transformation of education from
multiple perspectives. With the exponential development of
information technology, the integration of emerging technologies
with AI as the core of educational reforms has become an
unstoppable trend (Popenici and Kerr, 2017). Therefore, guiding
and promoting learners to enhance their intention to use
ChatGPT in teaching and learning is not only a requirement

Table 6 Analysis of the impact of learners’ cognitive level of
ChatGPT on the effectiveness of using it to solve
programming problems.

Group N Score (S) SD t df p

Low cognitive level
group

23 70.543 14.789 −2.441 48 0.018

High cognitive level
group

27 81.389 16.355

Table 7 Analysis of the impact of learners’ intention towards
ChatGPT on the effectiveness of using it to solve
programming problems.

Group N Score (S) SD t-value df p

Low Intention
Group

25 77.800 13.117 0.599 42.192 0.552

High Intention
Group

25 75.000 19.365
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for AI-enabled educational transformation but also a crucial
aspect of adapting to and driving the digital transformation of
education. It highlights the importance of learners’ digital literacy
skills.

Discussion and implications
Based on the aforementioned research findings, during the edu-
cational digital transformation empowered by AIGC products,
teaching should focus on fostering three aspects of learners’
abilities:

From AI capability to AI literacy: establishing the foundation
for empowering education with AIGC. With the iterative
upgrades of the ChatGPT core model and the emergence of many
similar products, there will be more applications and products
integrating technological advantages, forming a diverse range of
multimodal AIGC technology tools. In this context, learners who
only possess passive AI usage and lack the proactive skills to
identify and select the most appropriate AI tools and adhere to AI
ethics may struggle to timely and effectively access and utilize
advanced AIGC technologies, impeding their ability to engage in
safe and effective learning. Therefore, in addition to enhancing
learners’ AI usage, it is essential to help them develop AI
awareness, AI evaluation, and AI ethics, thus fostering AI literacy.
This requirement not only establishes the base for learners to
efficiently leverage AI, represented by ChatGPT, but also enables
them to adapt to the core AI-driven educational transformation
and effectively apply AI to enhance their problem-solving effec-
tiveness. It should be noted that participants were provided with
specific AI tools and were required to complete programming
tasks within specific time and space constraints. This setup may
have limited the participants’ ability to fully utilize their AI
evaluation and exercise judgment regarding AI ethics. However,
as an abundance of related tools emerges in the future, issues such
as data privacy and network security will become increasingly
pressing. Therefore, AI literacy is crucial for ensuring high-
quality teaching and learning, as it equips individuals with the
necessary knowledge and skills to navigate these challenges
effectively.

From specific knowledge to graph-based rules: empowering
education with AIGC through grafting methods. Based on the
findings of this study (systematic knowledge base significantly
affects the effectiveness of programming problem-solving, but the
knowledge base of Matplotlib does not have a significant impact
when having a systematic knowledge base), it can be
concluded that:

Firstly, mastering the subject knowledge graph, basic conven-
tions, and rule-based instructions (in programming learning)
becomes more important. From the perspective of programming
learning, ChatGPT has powerful code-writing capabilities. As
long as users can select a specific programming language type and
provide relevant execution rules and instructions based on
language conventions (such as invoking the Matplotlib library),
they can obtain programming results that lead to the achievement
of task goals. In this process, although the specific details of the
programming process are taken care of by ChatGPT, learners
who lack systematic knowledge of the relevant programming

language, basic conventions, and instruction rules will have
difficulty effectively utilizing ChatGPT and truly transforming it
into their "external brain." Therefore, mastering the subject
knowledge graph, basic conventions, and rule-based instructions
is more important compared to acquiring a greater amount of
specific specialized knowledge.

Secondly, possessing the ability to decompose complex tasks
and ask questions that lead to the achievement of task goals
becomes more important. The ability to decompose complex
learning tasks (such as programming graphics in this study) and
transform the decomposed series of tasks into problem expres-
sions that can be unambiguously understood in natural language
is a prerequisite for ChatGPT to operate effectively and provide
efficient solutions. Therefore, in the context of empowering AIGC
products, it becomes important for learners to systematically
master the subject knowledge graph, basic conventions, and
relevant knowledge invocation instructions, as well as possess the
ability to decompose complex tasks and transform task-related
problems. This enables the development of learning approaches
that integrate knowledge and skills from ChatGPT (forming
complex learners with a composite brain), which is more
important compared to solely acquiring more programming
knowledge and single-complex problem-solving abilities. In
conclusion, this study further addresses the question of whether
we still need to learn knowledge or focus on which specific
knowledge in the context of empowering AIGC products.

From intention to technological cognition: creating drivers to
empower education with AIGC. Based on the findings of this
study, it is evident that learners’ level of cognitive understanding
of ChatGPT significantly affects their effectiveness in solving
programming problems. Moreover, as their cognitive under-
standing of ChatGPT improves, their intention to use it also
increases significantly. Therefore, for the effective application and
promotion of AIGC products, it is important to enhance learners’
technological cognition. This can be achieved by providing lear-
ners with application guides for technical tools and assisting them
in experiencing the application of such tools. By helping learners
establish a rational and accurate understanding of AIGC products
with astonishing intelligence, their intention to use them can be
enhanced. This, on the one hand, contributes to transforming
learners into proactive and efficient composite learners who adapt
to the intelligent era. On the other hand, it empowers AIGC
products to drive discipline-based learning effectively, enabling
learners to fully utilize and unleash the educational value of AIGC
products. Through complementary human-machine integration,
high-quality teaching and learning can be truly achieved.

Conclusion and prospect
Conclusion. AIGC products, represented by ChatGPT, are revolu-
tionizing people’s existing perceptions of AI-enabled education with
their unprecedented outstanding performance. As a new driving
force for AI-enabled education, the current education community
lacks sufficient empirical evidence to determine its value in educa-
tional applications. It remains unclear which factors influence the
effectiveness of solving programming problems under the support of
ChatGPT and requires further investigation. In this study, we
adopted a quasi-experimental research method, taking Python

Table 8 Analysis of learners’ usage intention before and after project implementation.

Group N Intention score (I) SD t-value df p

Pre-test of intention to use 50 7.180 2.238 −2.471 49 0.017
Post-test of intention to use 50 8.420 2.658
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plotting in programming education as an example, to explore the
factors influencing the effectiveness of learners in solving problems
with ChatGPT, including AI literacy, knowledge base, and usage
intention towards ChatGPT. Our findings are as follows:

Firstly, AI literacy significantly affects the effectiveness of
learners in problem-solving with ChatGPT. Specifically, AI
awareness and AI usage significantly influence the effectiveness
of learners in using ChatGPT to solve problems, while AI
evaluation and AI ethics do not have a significant impact on
learners’ effectiveness in problem-solving with ChatGPT in the
context of this study.

Secondly, The presence or absence of a Python knowledge base
significantly influences the effectiveness of learners in using
ChatGPT to solve programming problems. However, for learners
who have all studied Python courses, different levels of Python
knowledge base do not significantly affect the effectiveness of
using ChatGPT to solve problems. This suggests that in small-
scale development projects similar to this experiment, ChatGPT
can greatly enhance the practical skills of learners who already
possess a certain level of programming knowledge.

Thirdly, The usage intention towards ChatGPT does not
significantly affect the effectiveness of learners in using ChatGPT
to solve problems. However, after completing relevant project
tasks using ChatGPT, learners’ usage intention towards ChatGPT
significantly increases compared to before.

These findings collectively contribute to our understanding of
the factors that influence the effectiveness of learners in utilizing
ChatGPT for problem-solving, shedding light on the potential of
AIGC products in educational applications.

Limitations and future research. The study employed a quasi-
experimental research method to explore the factors influencing
learners’ programming problem-solving effectiveness with the
assistance of ChatGPT. Using "Python programming problem-
solving" as an example, this study helps clarify the specific factors
affecting the effectiveness of learners’ problem-solving with
ChatGPT and other AIGC products. It provides a theoretical
reference for effectively empowering subject teaching through the
construction of AIGC products and offers practical support for
AIGC products’ educational applications.

It should be noted that, in practical terms, the value of this
research is not limited to guiding Matplotlib plot instruction itself.
Any programming-based plotting, such as pyecharts for project
development and business analysis, Seaborn for statistical model-
ing, or ggplot2 for R language, can benefit from the patterns
identified in this study. Furthermore, this research provides some
insights into the broader context of programming learning.

However, as the first empirical study applying AIGC to
programming education, this research undoubtedly has some
limitations. Firstly, the research was conducted in a contextua-
lized and project-based manner. While the ChatGPT accounts
provided recorded the interactions between learners and
ChatGPT, this study did not find a suitable method to analyze
this poorly structured data. Therefore, it could not elucidate or
deconstruct the internal activities of learners when using
ChatGPT for project work. The specific role of ChatGPT in this
practical process remains unclear. In view of this, future analysis
can incorporate human-computer interaction data as a crucial
entry point to understanding the inherent mechanisms of
ChatGPT in empowering teaching. Furthermore, the study lacked
a focus on the efficiency of learners in using ChatGPT. It should
be noted that "Prompt Engineering" is a highly meaningful
learning material and should have been incorporated into the
experiment design as a prerequisite for learners to efficiently
utilize ChatGPT. Future research will delve into whether "Prompt

Engineering" can assist learners in completing programming tasks
more efficiently. Lastly, this study was constrained by the
discipline and types of programming languages. Subsequent
research is needed to expand beyond the Python language
foundation in programming education to encompass a broader
range of programming languages (such as Java, MATLAB, and
C++) and different disciplines. Additionally, there is a need to
increase both the number and diversity of participants, as well as
consider variations in experimental task types and durations.
These steps are essential to further enrich and unveil the
conclusions drawn from this study.

Data availability
The datasets analyzed during the current study are available in
the Dataverse repository: https://doi.org/10.7910/DVN/2ERVNE.
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