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ABSTRACT 
 
This pre-experimental study, utilizing a one-group pretest and posttest design, 
aims to investigate the effects of a ChatGPT-based flipped classroom approach on 
preservice teachers’ achievement and retention of problem-solving skills in 
programming. The study sample comprised 33 preservice teachers (one intact 
class) from an Institute of Teacher Education Malaysia in Sabah, Malaysia, selected 
through cluster sampling. A Computer Programming Achievement Test (CPAT) 
were used as the research instrument, which were administered during pretest, 
posttest and delayed posttest. Data analysis was conducted using one-way 
repeated measures ANOVA. The results showed an increased in problem-solving 
skills from the pretest (M=16.84, SD=8.35) to the posttest (M=31.25, SD=13.25), 
indicating significant improvement in preservice’ teachers achievement. 
Additionally, retention of problem-solving skills was evident, with the delayed 
posttest scores (M=24.43, SD=6.68) significantly higher than the pretest scores, 
though slightly lower than the posttest scores, suggesting some decay over time 
but overall retention of the skills learned. This research suggests that integrating 
artificial intelligence (AI) tools, such as ChatGPT, in educational setting can lead 
to substantial improvements in learning outcomes, which provides valuable 
resource for educators aiming to foster advanced problem-solving abilities in their 
students 
 
Keyword(s): Flipped classroom, artificial intelligence, ChatGPT, programming, 
teaching and learning  
 
 

 
INTRODUCTION 

 
Digital technology has become an important component of modern education, especially in 
fostering an interactive and dynamic learning environment (George & Reddy, 2024) which is able 
to improve students’ performance, improve the effectiveness of teaching and learnin and 
overcome the shortcomings of conventional teaching methods (Wang et al., 2024). At the same 
time, the presence of artificial intelligence applications such as ChatGPT has revolutionized and 
transformed the world of education (Bouschery et al., 2023; Yeruva, 2023) by triggering new 
learning methods that challenge conventional methods (Sarwar et al., 2024). 
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Problem Statement 
  
Programming is a subject and skill that has been given priority in the national education system 
since 2016 (Mazlee Malik, 2019) since programming is able to meet the needs of the 21st century 
job industry as well as Industry Revolution 4.0 (IR 4.0) which requires a workforce with 
computational thinking skills such as critical thinking and problem solving (Salleh Hudin, 2024) as 
well as high-level thinking skills (Voon et al., 2022). However, the achievement of Malaysian 
students in programming is still at a less encouraging level. A study by Quah et al. (2023) found 
that community college students obtained low scores in the programming test for the Basic 
Programming subject which involves theoretical and practical evaluation, where the analysis of 
the Learning Outcomes Course 1 (HPK 1) of the subject showed that students did not reach a 
score of 80% for two semester. The study of Abdul Rahman et al. (2024) also found that the 
number of Universiti Teknologi Mara (UiTM) students who failed in the exam involving the 
Fundamentals of Computerized Problem Solving course with the course code CSC415 containing 
programming elements was high, i.e. 35.7%. A study by Maskur et al. (2020) also showed that 
the achievement score of the programming course for polytechnic students was at a moderate 
level where of the 76 students who sat the test for the course, as many as 62% of the students 
obtained a B grade, i.e. scored in the range of 64 to 74 percent, with 10% students obtained a 
grade of C. Furthermore, Yusof et al. (2023) also found that the achievement of Malaysian 
students in programming was at a low to moderate level. 

With that, there is a need to apply teaching and learning strategies that are able to 
improve the skills and achievement of students in programming considering that the achievement 
of students who are at a less satisfactory level in programming is due to weaknesses in the 
implementation of the teaching and learning of programming by teachers (Yusof et al., 2023). In 
addition, there is a need to improve the skills and achievements of trainee teachers in 
programming since trainee teachers also experience difficulties in mastering programming 
concepts and skills (Gökoğlu & Kılıç, 2023). 

 
Research Objectives 
 
The objectives of this study are to identify the effectiveness of ChatGPT-based flipped classroom 
in enhancing achievement and facilitating the retention of problem-solving skills among preservice 
teachers in programming.   
 
Research Questions 
 
Based on the objectives of the study, the research questions are : i) Does ChatGPT-based flipped 
classroom method affect the achievement of preservice teachers in programming compared to 
conventional methods? and ii) Does ChatGPT-based flipped classroom method facilitates the 
retention of problem-solving skills among preservice teachers in programming? 
 
Research Hypothesis 
 
H01: There is no significant difference between the mean scores of the pretest, posttest and 

delayed posttest of preservice teachers who were taught using ChatGPT-based flipped 
classroom involving the achievement in programming  
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H02: There is no significant difference between the mean scores of the pretest, posttest and 
delayed posttest of preservice teachers who were taught using ChatGPT-based flipped 
classroom involving the retention of problem-solving skills in programming 

 
 

LITERATURE REVIEW  
 

Flipped classroom is an instructional method that "flips" the conventional learning environment, 
where students prepare in advance before attending class by exploring, understanding and 
learning a topic through self-directed study pre-class. The in-class instructional sessions are then 
filled with activities designed to strengthen students' understanding and skills related to the topic 
(Gutierrez-Gonzalez et al., 2023). Students participate in numerous activities promoting active 
learning, such as discussions, case studies, simulations, hands-on exercises and group projects 
instead of passively taking in lectures (Ha et al., 2019). According to Güler et al. (2023), the 
flipped classroom method promotes active learning among students as it fosters student-centered 
instructional sessions that provide a learning environment that supports autonomy. Autonomy in 
a flipped classroom refers to the freedom and responsibility given to students to manage and 
control their own learning processes (Ettien & Touré, 2023). Teachers, on the other hand, do not 
need to spend much time explaining the topic to be learned by students, but instead, use the in-
class sessions to focus on activities that can reinforce and enhance students' understanding and 
knowledge of the topic. The teacher’s role in a flipped classroom changes from that of the single 
source of knowledge to that of a facilitator or guide, fostering an encouraging and engaging 
learning environment that enable dialogues, offer feedback and promote greater comprehension 
of the material (Al-Samarraie et al., 2020). At the same time, the adoption of instructional videos 
as pre-class learning materials is a widespread pedagogical practice in a flipped classroom 
environment, also known ad video-based flipped learning (Liao & Wu, 2023; Yu & Gao, 2022). 
However, Mennega and Mawela (2024) found that instructional videos may not provide immediate 
explanations or feedback if students encounter any questions or issues during self-directed 
learning, and may not sufficiently facilitate personalized learning. The content of the instructional 
videos is limited and depends solely on what the teacher provides. Therefore, there is a need to 
explore the potential of ChatGPT as an artificial intelligence (AI) technology to enhance the 
implementation of the flipped classroom method, especially to address the limitations of using 
instructional videos in a flipped classroom environment. 
 ChatGPT, which stands for Chat Generative Pre-trained Transformer, is a language model 
developed by OpenAI that uses AI technology to understand and generate text responses based 
on input provided by users (Roumeliotis & Tselikas, 2023). A language model refers to a program 
designed to analyze, understand, generate and manipulate human language automatically. This 
program uses natural language processing (NLP) and machine learning technology to analyze 
large amounts of human-generated data, such as text and speech, enabling it to understand and 
respond to the data it receives. Natural language processing allows the program to read and 
understand natural language input, which enables humans to interact with machines using natural 
language. ChatGPT is a generative a AI technology, which is a form of AI that can produce content 
such as text, images, audio and video. ChatGPT works by processing user text input and 
generating relevant responses using machine learning analysis, particularly through deep learning 
modeling (Jo & Park, 2024). ChatGPT can generate responses in various formats, including short 
answers, long essays, and dialogue-based interactions (OpenAI, 2023) using human-like text. 
This ability has enable ChatGPT to facilitate multiple functions in the workplace (Orrù et al., 2023) 
such as drafting content, provides answers to queries and aids in brainstorming sessions (Verma, 
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2023) and this has become evident in the field of education. The use of ChatGPT in education 
has generated widespread interest and attention due to its potential to enrich students' learning 
experiences (Rudolph et al., 2023). ChatGPT not only assists in preparing assessments, 
generating essays, and translating languages but is also capable of answering a wide range of 
questions, summarizing texts and interacting with users as a peer. However, more in-depth 
empirical studies are needed on the integration of ChatGPT in flipped classrooms (Dung, 2024), 
as current research on its impact on learning outcomes are still limited, particularly in the context 
of computer science and programming education (Keong & JiMei, 2024). 
 The Digital Education Policy, launched by the Malaysian Minister of Education, Fadhlina 
Sidek, on November 28th, 2023, is the Ministry of Education’s (MOE) proactive initiative which 
aims to guide all stakeholders in navigating the digital era, recognizing that today’s teaching and 
learning environment is driven by digital literacy (Bahagian Sumber dan Teknologi Pendidikan, 
2023). According to Salleh Hudin (2024), the teaching and learning of programming, which is a 
form of digital literacy, is gaining increased attention, particularly at the primary school level. This 
shift in focus aligns with the demands of the Fourth Industrial Revolution of Industry 4.0 as well 
as the widespread influence of AI in daily life. The ability to master programming is essential for 
students to enhance their digital literacy skills needed to navigate the challenges of the 21st 
century, particularly among Malaysian students as studies by Yusriza Mohd Yusof et al. (2021), 
Quah et al. (2023), Abdul Rahman et al. (2024), Maskur et al. (2020) and Yusof et al. (2023) 
clearly shows that Malaysian students struggle to master programming. At the same time, the 
challenges faced by preservice teachers in mastering the concepts and skills of programming 
remains underexplored. Therefore, this study is necessary to identify the effectiveness of the 
ChatGPT-based flipped classroom method in addressing the challenges faced by preservice 
teachers in programming especially in regards to achievement and retention of problem-solving 
skills. 
 The teaching and learning of programming has become a priority across many countries, 
driven by the need to prepare students for a future where digital literacy has become essential. 
Programming is not only a technical skill but also a means of developing problem-solving abilities, 
logical thinking and creativity. Guzdial & Shreiner (2021) emphasizes that the inclusion of 
programming in K-12 education is crucial to foster computational thinking, a skill set that is 
necessary for success in a variety of modern professions. For preservice teachers, achieving 
proficiency in programming is not just about understanding how to write code; it is about 
developing the ability to teach these concepts in a way that is accessible and engaging for 
students. 
 As educational systems worldwide place a growing emphasis on STEM (Science, 
Technology, Engineering and Mathematics) education, the ability of teachers to achieve 
competency in programming is essential. A solid achievement in programming among teachers 
has a direct impact on their teaching effectiveness as teachers who are proficient in programming 
are more confident in their ability to deliver content, design meaningful learning experiences and 
support students in overcoming challenges. In regards to preservice teachers, although Erol and 
Kurt (2017) stated that achievement in programming among preservice teachers lead to improved 
effectiveness in teaching coding to students, studies by Quah et al. (2023), Abdul Rahman et al. 
(2024), Maskur et al. (2020) and Yusof et al. (2023) highlighted the challenges faced by Malaysian 
students in achieving proficiency in programming. It is therefore crucial to shift the focus towards 
understanding the programming achievement of Malaysian preservice teachers, who will guide 
the next generation of students through the complexities of coding and computational thinking 
in programming. 
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 Problem-solving skills are fundamental in programming, particularly for preservice 
teachers who will be responsible for teaching these skills to future generations. The ability to 
achieve and retain these skills is crucial not only for their success as educators but also to pass it 
to their students. In the context of programming, problem-solving skills are essential for 
understanding and writing code, debugging and generating solutions, where complex problems 
are broken down into manageable parts before being solved. For preservice teachers, mastering 
these skills are important as they will need to teach these concepts effectively to their students. 
As stated by Dong et al. (2024), problem-solving is a key component of computational thinking, 
which is an element of programming, and is seen as an essential 21st century skill. Their study 
highlighted the importance of developing these skills particularly for those who will become 
educators, as it lays the foundation for teaching programming effectively. Retention of problem-
solving skills is equally important as retaining these skills ensures that preservice teachers can 
continue to apply and teach programming concepts effectively throughout their careers. In 
regards to programming, teachers who retain strong problem-solving skills are more adaptable 
to changes in programming languages and technologies (Lionelle et al., 2022), which is essential 
in a field that is constantly evolving. The ability to retain problem-solving skills also impacts the 
quality of education that students receive. Adeoye & Jimoh (2023) stated that teachers who retain 
their problem-solving skills are more likely to create learning environments that encourage 
exploration, creativity and resilience among students. This is particularly important in 
programming, where students often face challenges that require persistent problem-solving 
efforts. However, the dynamic nature of programming and rapid technological advancements 
pose challenges to retaining problem-solving skills and there is limited research on how these 
changes affect preservice teachers and their ability to retain problem-solving. Therefore, there is 
a need to conduct this study to determine the effectiveness of the ChatGPT-based flipped 
classroom method in addressing the challenges faced by preservice teachers in programming 
especially in terms of achievement and retaining problem-solving skills. 
 

METHODS AND SAMPLING 
 

This quantitative study uses a pre-experimental one-group pretest and posttest design. 33 
preservice teachers from an intact class at the Institute of Teacher Education Malaysia, Sabah 
campus was chosen as the study sample. According to Kar and Ramalingam (2013), a sample 
size of around 30 is sufficient for study purposes. 
 A Computer Programming Achivement Test (CPAT) was used as the research instrument, 
which was adapted from the study by Omeh and Olelewe (2021). The CPAT used in this study 
contains 35 multiple-choice items which were developed to measure the achievement and 
retention of problem solving skills of preservice teachers in programming. The instrument was 
administered during the pretest, posttest, and delayed posttest using the same items to ensure 
consistent comparison. However, the items in the posttest and delayed posttest were rearranged. 
 The face and content validity of the research instrument were evaluated through consultation 
with two lecturers: one an expert in programming and the other an expert in language studies. 
A pilot test was conducted involving 30 preservice teachers who were not part of the study 
samples to determined the pretest’s realiability. The reliability of the pretest was determined using 
Kuder-Richardson 20 (KR-20) analysis, which is suitable for evaluating multiple-choice items. KR-
20 is specifically designed to measure the internal consistency of tests with dichotomous variables, 
such as multiple-choice items (Thomas et al., 2022). According to Vrotsou et al. (2018), a KR-20 
value of 0.70 or higher indicates a good and acceptable reliability. In this study, the KR-20 value 
was 0.96, demonstrating that the adapted CPAT has high reliability. 
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 This study was carried out for ten weeks. The pretest was administered in the first week, the 
posttest in the eighth week and the delayed posttest in the tenth week. Teaching and learning 
sessions were conducted over six weeks starting from the second to the seventh week, during 
which the study samples were exposed to the teaching and learning of programming using the 
ChatGPT-based flipped classroom method. 
 Data were analyzed using one-way repeated measures ANOVA to determine the 
differences in mean scores between the pretest, posttest and delayed posttest, evaluating the 
effect of the ChatGPT-based flipped classroom method on the teaching and learning of 
programming. This analysis aims to identify the achievement and retention of problem-solving 
skills among the study samples.  
 

RESULTS/FINDINGS & DISCUSSION 
 
Before the analysis was carried out, the assumptions of data normality must be met. With that, 
the Shapiro-Wilk statistical test was used to analyze the normality of the pretest, posttest and 
delayed posttest shown in Table 1. 
 
Table 1 
Data Normality Analysis 

 Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Pretest .20 32 .06 .87 32 .08 
Posttest .21 32 .06 .86 32 .06 
Delayed posttest .14 32 .19 .93 32 .49 

 
 
The Sig. value in the Shapiro-Wilk test is .08 for the pretest, .06 for the posttest and .49 for the 
delayed posttest. Since all three values are greater than the significant value of .05, the data for 
the pretest, posttest and delayed posttest are normally distributed. With that, one-way repeated 
measures ANOVA can be used to analyze the data. 
 
H01: There is no significant difference between the mean scores of the pretest, posttest and 

delayed posttest of preservice teachers who were taught using ChatGPT-based flipped 
classroom involving the achievement in programming  

 
Table 2 shows the pretest mean score (M=16.84, SD=8.35), the posttest mean score (M=31.25, 
SD=13.25) and the delayed posttest mean score (M=24.43, SD=6.68). Based on the table, the 
posttest mean score is higher than the pretest mean score and the delayed posttest mean score. 
This indicates that preservice teachers experienced an improved and optimal achievement score 
when exposed to the use of ChatGPT-based flipped classroom in the teaching and learning of 
programming.  
 
Table 2 
Statistics of Pretest Mean Score, Posttest Mean Score and Delayed Posttest Mean Score 

 Pretest Posttest Delayed posttest 
N 33 33 33 
Mean (M) 16.84 31.25 24.43 
Standard deviation (SD) 8.35 13.25 6.68 

          N = Number of samples 
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H02: There is no significant difference between the mean scores of the pretest, posttest and 
delayed posttest of preservice teachers who were taught using ChatGPT-based flipped 
classroom involving the retention of problem-solving skills in programming 

 
To determine if the ChatGPT-based flipped classroom method can effectively retain problem-
solving skills, a homogeneity of variance test needs to be conducted to determine the suitability 
of using one-way repeated measures ANOVA. Based on the Tests of Homogeneity of Variances 
in Table 3, the value of p = .68, which is greater that the significant value of .05, shows that the 
data variance is homogenous. This indicates that one-way repeated measures ANOVA can be 
used to analyze the data and evaluate the effectiveness of ChatGPT-based flipped classroom to 
retain problem-solving skills. 
 
Table 3 
Tests of Homogeneity of Variances 

  Levene 
Statistic df1 df2 Sig. 

Test series Based on mean .25 2 39 .68 
 
 
Based on Table 4, p = .001 is lower that the significant value of .05. Therefore, the null hypothesis 
is rejected. There is a significant difference between the mean scores of the pretest, posttest and 
delayed posttest. Since the one-way repeated measures ANOVA analysis showed that there is a 
significant difference between the three test series, further tests were performed to identify those 
differences based on the combinations of the test series.  
 Since the variance of the data is homogeneous, the Post Hoc Bonferroni test was used to 
identify the difference in combination of the test series. Table 5 shows that there is a significant 
difference in the mean score between the pretest, posttest and delayed posttest since all the Sig. 
value is lower than the significant value of .05 for each combination of test series. Thus, the null 
hypothesis is rejected. This indicates that the use of ChatGPT-based flipped classroom in the 
teaching and learning of programming  is able to effectively retain problem-solving skills. 
 
Table 4 
One-Way ANOVA Analysis 

 Sum of Squares df Mean 
Square F Sig. 

Between Groups 506.11 2 254.03 343.97 .001 
Within Groups 29.02 42 .72   

Total 51.91 44    
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Table 5 
Bonferroni Post Hoc Analysis 

 
Mean 

Difference 
Std. 
Error Sig. 

95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Pretest Posttest  
Delayed posttest 

-14.41* 
-7.59* 

.31 

.31 
.00 
.02 

-8.16 
-1.34 

-6.59 
.17 

Posttest Pretest 
Delayed posttest 

14.41* 
6.82* 

.31 

.31 
.00 
.00 

6.59 
6.01 

8.15 
7.57 

Delayed 
posttest 

Pretest 
Posttest 

7.59* 
-6.82* 

.31 

.31 
.02 
.00 

-.18 
-7.58 

1.33 
-6.00 

 
 
 

     Findings of the study indicate that the ChatGPT-based flipped classroom method shows 
significant improvements in both increasing preservice teachers’ achievement and retention of 
problem-solving skills in programming, highlighting the potential of integrating AI-based tools into 
modern educational instructions. 
  In regards to achievement in programming, this study showed a notable increase in mean 
achievement scores from the pretest (M=16.84, SD=8.35) to the posttest (M=31.25, SD=13.25), 
indicating that the ChatGPT-based flipped classroom method significantly enhances preservice 
teachers' achievement in programming. This improvement in achievement aligns with recent 
research which suggests that that AI-supported learning environments can facilitate deeper 
understanding and better academic performance by providing personalized, adaptive learning 
experiences (Ray & Sikdar, 2024). The integration of ChatGPT into the flipped classroom 
environment has further enhanced the effectiveness of personalized learning, providing 
preservice teachers with instant feedback and tailored support that promotes deeper 
understanding and engagement in programming concepts, in line with the study by Li (2023). 
This in turn promotes active learning, such as discussions, collaborative coding and problem-
solving activities, which leads to a deeper understanding of programming concepts, thereby 
boosting preservice teachers’ achievement. Furthermore,  ChatGPT acts as an effective 
scaffolding tool by offering tailored hints and guiding questions that help preservice teachers 
advance from basic to more complex levels of programming concepts. This structured, step-by-
step support ensures that preservice teachers develop a solid conceptual foundation of 
programming, leading to improved achievement, as stated in the study by Lee & Zhai (2024). 
 Findings of the delayed posttest scores (M=24.43, SD=6.68) shows that the retention of 
problem-solving skills, while slightly lower than the posttest scores, remained significantly higher 
than the pretest scores. This suggests that the skills acquired through the ChatGPT-based flipped 
classroom were largely retained over time, despite some decay. Programming is basically a 
problem-solving activity. Retaining problem-solving skills enables preservice teachers to 
effectively apply their knowledge to new and unfamiliar challenges, ensuring they can adapt and 
find solutions in various contexts. The ChatGPT-based flipped classroom method facilitates the 
retention of problem-solving skills in programming by providing personalized practice, instant 
feedback and scaffolding complex problems. It promotes active learning and continuous 
reinforcement, ensuring preservice teachers effectively internalize and retain problem-solving 
abilities over time as proven through the study by Quinstein (2024). 
 When preservice teachers participate actively in the teaching and learning process, 
particularly by focusing and paying close attention to the lecturer’s instruction, the lecturer can 
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effectively guide them in solving programming issues that require the use of problem-solving 
skills. Over time, this active engagement fosters the development and retention of problem-
solving skills, which was proven through the findings of the delayed posttest where despite having 
completed the teaching and learning of programming using ChatGPT-based flipped classroom for 
two weeks, the preservice teachers were still able to apply the problem-solving techniques they 
had learned, as proven by their sustained performance in the delayed posttest. This indicates that 
the skills acquired during an AI-assisted instruction, particularly ChatGPT-based flipped classroom 
sessions ,were not only effectively learned but also retained over time, demonstrating the lasting 
impact of active engagement and guided instruction on the retention of problem-solving skills as 
highlighted by Quinstein (2024). 
 

CONCLUSION 
 

To conclude, the ChatGPT-based flipped classroom method has demonstrated significant 
benefits for preservice teachers in programming instructions particularly in improving 
achievement as well as enhancing the retention of problem-solving skills. Further research should 
be carried out to compare and explore how traditional flipped classroom and ChatGPT-based 
flipped classroom impact preservice teachers’ achievement and retention. By comparing and 
exploring both methods, a clearer understanding of how ChatGPT enhances learning outcomes 
compared to traditional methods could be achieved. This would provide valuable insights into 
creating a more supportive and effective learning environments for sustaining preservice teachers’ 
achievement and promoting long-term retention of problem-solving skills.  
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