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In recent decades, flipped learning has been adopted by teachers to improve learning 
achievement. However, it is challenging to provide all students with instant personalised 
guidance at the same time. To address this gap, based on Chat Generative Pre-trained 
Transformer (ChatGPT) and the learning scaffolding theory, I developed a ChatGPT-based 
flipped learning guiding approach (ChatGPT-FLGA) according to the analysis, design, 
development, implementation and evaluation model. To investigate the effectiveness of 
ChatGPT-FLGA, a quasi-experiment was conducted in the learning activities of a courseware 
project. One of two classes was randomly assigned to the experimental group, while the 
other was assigned to the control group. The students in both classes received flipped 
classroom instruction and conducted discussions through Tencent QQ applications, but only 
those in the experimental group learned with ChatGPT-FLGA. The results revealed that the 
ChatGPT-FLGA significantly improved students’ performance, self-efficacy, learning 
attitudes, intrinsic motivation and creative thinking. The research findings enrich the 
literature on ChatGPT in flipped classrooms by addressing the influence of ChatGPT-FLGA 
on students' performance and perceptions. 
 
Implications for practice or policy: 

• Teachers and universities should utilise ChatGPT as a tool for supporting students’ 
learning and promoting their problem-solving skills. 

• Course designers and academic staff can leverage ChatGPT-FLGA to enact student-
centred pedagogical transformation in massive open online courses or flipped learning. 

• Course designers should master how to use ChatGPT-FLGA and its learning system, to 
foster learners’ self-regulated learning, help them promote online self-efficacy and 
overcome difficulties in learning motivation and creative thinking ability. 

 
Keywords: flipped learning, ChatGPT in education, improving classroom teaching, artificial 
intelligence learning environments, teaching or learning strategies 

 

Introduction 
 
Multimedia courseware – integrating images, text and media clips in both time and space – has 
advantages for students’ learning, including diversifying information, improving performances and 
facilitating learning (Tsai, 2019). To enhance the quality of teaching, an increasing number of teachers 
design and implement multimedia courseware according to curriculum aims (Kamaruddin, 2010). High-
quality multimedia courseware is not only conducive to reflecting the projection relationship, the spatial 
relationship and the colour of objects but it may also improve the quality of teaching and learning (Yang, 
2020). 
 
Therefore, it is crucial for teachers to design high-quality multimedia courseware (Nong, 2016). Pre-
service teachers at normal universities, a type of higher education institution in Mainland China 
specialising in training students to be future educators, need to possess the ability to design multimedia 
courseware. However, traditional teaching consists mainly of classroom lectures or video-supported 
teaching (Bartok-Nicolae et al., 2022) and usually involves less time to practise with assistance from the 
teacher in class (Hsia & Sung, 2020). In view of this, teachers have adopted the flipped learning approach, 
which reverses the sequence of teachers’ lectures and learners’ assignments (Gutierrez-Gonzalez et al., 
2023). 
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However, in the flipped learning approach, how to provide individual students with instant personalised 
guidance remains a challenging issue for teachers (Chang & Hwang, 2018). Chat Generative Pre-trained 
Transformer (ChatGPT), a state-of-the-art artificial intelligence (AI) system developed by OpenAI, can offer 
a new opportunity to solve this problem. ChatGPT is not only versatile but it can also answer follow-up 
questions, challenge incorrect premises and admit its mistakes (OpenAI, 2015–2023). ChatGPT has been 
recognised as an emerging technology assisting students in personalised learning (Z. Zhang et al., 2023). 
However, few studies have reported how ChatGPT is utilised to facilitate personalised learning in the 
flipped classroom. 
 

Literature review 
 
Project-based learning for courseware performance 
 
Teacher lectures and student exercises are the main teaching forms for pre-service teachers in traditional 
courseware teaching. Traditional teaching may allow learners to be successful with artificial problem sets, 
but at the cost of decontextualisation and oversimplification (Collins, 1996), which too often fails to 
prepare students for a great variety of learning and performance required outside of school and denies 
them the opportunity to take on problem sets in an authentic context. Project-based learning (PBL) has 
been identified as an effective pedagogy (J. Krajcik et al., 2023) that allows learners to participate in 
authentic, meaningful work (Collins et al., 1989). 
 
PBL, a form of contextual instruction regarded as an alternative to traditional instruction (C. H. Chen & 
Yang, 2019), emphasises problem-finding, framing and solving. PBL has six typical characteristics, 
consisting of a driving question, a focus on learning goals, participation in learning activities, collaboration 
among learners, the utilisation of scaffolding technologies and the creation of real-world products (J. S. 
Krajcik & Shin, 2014). The project technique may effectively improve learning performance and thinking 
(Issa & Khataibeh, 2021) and lead to higher levels of self-reflection and collaboration and higher scores 
on a standardised test (J. Krajcik et al., 2023). 
 
Providing instant personalised support is crucial for learning activities in PBL. Learners need to work 
together to solve authentic problems and create tangible artefacts. In this process, teachers and peers, 
usually as facilitators and collaborators, provide instant feedback and personalised support for students 
(Guo et al., 2020). Instant feedback and personalised support for learners are conducive to solving 
authentic problems or making decisions immediately so that skills in creating artefacts and solving 
problems can continue and develop effectively. Therefore, flipped classrooms are usually integrated with 
PBL to provide ample opportunities and time for learners. 
 
Flipped classroom 
 
The flipped classroom is a popular technology-enhanced teaching approach (Chang & Hwang, 2018) and 
one of the most promising strategies supporting deeper learning (Cui & Yu, 2019). It focuses more 
attention on developing students’ higher-order thinking, providing more opportunities and time for 
learning and permitting self-paced learning (Tavakolizadeh et al., 2012). In the flipped classroom, the roles 
of teachers and students have undergone significant changes, in which teachers as facilitators assist 
learners by providing guidance instead of merely delivering learning content, while learners become 
responsible for their own performance and learning activities. 
 
Flipped classrooms are beneficial in promoting performance. For instance, Gutierrez-Gonzalez et al. 
(2023) utilised the flipped classroom in a neurosurgery lecture and found that students earned better 
academic results than in traditional lectures. W. Y. Hwang et al. (2023) implemented a flipped classroom 
in an engineering education course and found that it contributed to ensuring sustainable learning 
activities and facilitating cognitive abilities to higher levels. Furthermore, the flipped classroom also shows 
benefits of improving learners’ perceptions including innovative thinking (Zaina & Martinelli, 2023), 
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deeper learning (Shen & Chang, 2023); academic self-efficacy and achievement motivation (Bi et al., 
2023); critical thinking, problem-solving and creativity (Huang et al., 2022). 
 
As mentioned above, the flipped classroom, also known as the traditional flipped learning guiding 
approach (T-FLGA), helps promote learning performance and perceptions. However, providing individual 
students with personalised learning guidance and instant feedback in a project-based activity remains a 
challenging issue when a teacher needs to interact with students at the same time (Chang & Hwang, 
2018). Consequently, it is necessary to integrate technologies into activities in flipped learning to promote 
instant personalised learning. However, in recent decades, AI chatbots have failed to meet these student 
needs (H. L. Chen et al., 2020). 
 
ChatGPT and the flipped classroom 
 
ChatGPT has four key characteristics: answering follow-up questions, admitting its mistakes, challenging 
incorrect premises and rejecting inappropriate requests. ChatGPT is not only uncannily adept at mimicking 
human communication but it is also a versatile wit that can compose essays, translate languages and tell 
jokes. ChatGPT is already very intelligent. Roivainen (2023) conducted an intelligence quotient (IQ) test 
for ChatGPT and found that its verbal IQ was superior to that of 99.9% of the test takers. The smartness 
of ChatGPT has been tested with scholastic assessment test exams, reasoning and legal tests, and has 
performed better than the human average in many ways (Ray, 2023). 
 
The strengths of ChatGPT may potentially offer opportunities for flipped classrooms based on PBL. 
ChatGPT may create a ubiquitous learning environment that allows learners to interact with it in out-of-
class and in-class activities. ChatGPT may provide appropriate solutions for learners based on individual 
students' different problems so that personalised learning and guidance can be improved for teaching 
large classes. The instant and human-mimicking responses have potential strengths, alleviating the 
problems of students’ low level of learning interest and motivation caused by waiting for teacher feedback 
for a long time. Therefore, this study attempted to integrate ChatGPT into a flipped classroom to improve 
learners’ courseware project performance and perceptions. 
 

Research questions 
 
To enhance students’ courseware project performance, I developed a ChatGPT-FLGA by incorporating 
ChatGPT into flipped learning. I designed and implemented a learning system based on ChatGPT-FLGA, 
which may provide students with instant personalised guidance, intelligent reminders for learning 
assignments and guidance collaborative learning. Furthermore, I investigated the effects of ChatGPT-FLGA 
on students’ courseware project performance and perceptions by exploring the following research 
questions: 
 

• What is the effect of ChatGPT-FLGA in a flipped learning environment on students’ project 
performance? 

• What is the effect of ChatGPT-FLGA in a flipped learning environment on students’ self-efficacy? 

• What is the effect of ChatGPT-FLGA in a flipped learning environment on students’ learning 
attitudes? 

• What is the effect of ChatGPT-FLGA in a flipped learning environment on students’ learning 
motivation? 

• What is the effect of ChatGPT-FLGA in a flipped learning environment on students’ creative 
thinking? 

 

Research hypotheses 
 
Students' learning experience might be positively affected in a ChatGPT-based learning environment, 
which enhances their interactions (e.g., active participation, feedback and continuous personalised 
conversations) (Chan & Hu, 2023). Researchers have pointed out that the features of ChatGPT have many 
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positive impacts on students' learning performance (Friederichs et al., 2023). Students might resolve 
study-related issues with the help of ChatGPT, without the need to wait for a long time to discuss with 
teachers or peers. ChatGPT can lead to increases in learners’ confidence, motivation, engagement and 
self-efficacy (Wu et al., 2023). 
 
In flipped learning, learners often face difficulties, leading to low engagement, motivation and self-
efficacy. ChatGPT may provide more support for students, which is conducive to relieving their learning 
frustration. Researchers have indicated that the assistance of the chatbot contributes to better self-
efficacy, learning attitude and learning motivation (Lee et al., 2022). Chatbot-supported learning has great 
potential for facilitating learning engagement, learning motivation and learning attitude (H. L. Chen et al., 
2020). Students’ higher-order thinking might be positively affected in a ChatGPT-based learning 
environment (Volante et al., 2023). The key characteristics of ChatGPT are helpful for cultivating students’ 
divergent thinking (Organisciak et al., 2023). 
 
Based on the literature mentioned above, I believe that ChatGPT-FLGA may provide useful educational 
value in learning activities in courseware project. Therefore, based on the above research questions, I 
examined whether ChatGPT-FLGA results in significant differences in learners’ project performances and 
perceptions compared to T-FLGA. Therefore, from the findings in the literature, I derived five hypotheses 
that intertwine with one another: 
 

• H1. There is significantly greater students’ project performance in the experimental group than 
in the control group. 

• H2. There is significantly greater students’ self-efficacy in the experimental group than in the 
control group. 

• H3. There are significantly greater students’ learning attitudes in the experimental group than in 
the control group. 

• H4. There is significantly greater students’ learning motivation in the experimental group than in 
the control group. 

• H5. There is significantly greater students’ creative thinking in the experimental group than in 
the control group. 

 

A ChatGPT-FLGA 
 

Theoretical background 
 
In flipped learning, providing adaptive scaffolding of learning with students is a key method for promoting 
performance. Scaffolding of social constructivism is an influential and related theory (Vygotsky, 1978). 
Wood et al. (1976, p. 90) defined scaffolding as a process “that enables a child or novice to solve a task or 
achieve a goal that would be beyond his unassisted efforts”. Vygotsky (1978, p. 86) defined the 
phenomenon as the zone of proximal development (ZPD), which is “the distance between the actual 
developmental level as determined by independent problem-solving and the level of potential 
development as determined through problem-solving under adult guidance, or in collaboration with more 
capable peers”. 
 
To assist a student to move through the ZPD, important components are required: a more knowledgeable 
other, social interactions with a skillful person and scaffolding provided by the more competent person 
(Karpov, 2005; Vygotsky, 1978). However, human teachers found it difficult to meet these necessary 
requirements, because they might not provide instant feedback, personalised guidance and appropriate 
learning scaffold to students (Lajoie, 2005). ChatGPT has the potential to provide learning scaffold and 
assistance for students. Furthermore, ChatGPT-FLGA needs to proactively provide learning scaffolding 
based on learners' abilities and the status of task completion, rather than just being the object of 
questioning for students. 
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Instructional design model 
 
The analysis, design, development, implementation and evaluation (ADDIE) model is a generic process 
that represents a dynamic, flexible guideline for building effective training and performance support tools 
(Molenda et al., 1996). The ADDIE model has become influential, in producing efficient and effective 
teaching practices by instructional designers and content developers (Choi et al., 2023). I followed the 
ADDIE model, described the process of creating ChatGPT-FLGA and the learning system. 
 
In the analysis stage, I aimed to define, identify and determine feasible solutions to problems in T-FLGA. 
Firstly, I conducted a literature review on the concepts of T-FLGA, its influencing factors and related 
technologies, and then analysed the key issues faced by teachers and students. Secondly, to investigate 
the participants' needs, I interviewed 10 students and three teachers. After completing the data 
collection, I identified the key issues including scaffolding of learning, instant feedback and conversation 
mimicking a human. After that, I developed feasible solutions, which consisted of designing and 
developing ChatGPT-FLGA and the learning system. 
 
In the design and development stage, I implemented the feasible solutions from the analysis stage. Firstly, 
I designed the learning system based on ChatGPT to meet students’ learning needs. Secondly, to improve 
the usefulness and ease of use of the learning system, I integrated Tencent QQ and the ChatGPT to form 
a learning system. Moreover, flipped classrooms need to consider when, where and how to use ChatGPT 
to provide support for students. During the development phase, I chose technologies for development 
including the QQ applications, Python programming language and learning analysis. 
 
During the implementation phase, the teacher firstly trained the students in the experimental group to 
help them master how to use learning system. Then, the students began to learn according to the learning 
assignment. During the evaluation stage, I examined each step of ChatGPT-FLGA to ensure that they were 
aligned with the intended goals. The formative evaluation and the summative evaluation were utilised to 
assess the effects of ChatGPT-FLGA and make timely adjustments and improvements. 
 
ChatGPT-FLGA and the learning system 
 
To promote learners’ courseware project performance, I developed ChatGPT-FLGA and the learning 
system, as shown in Figure 1. I utilised ChatGPT and QQ to develop the learning system. QQ, an instant 
messaging software platform in China, is primarily employed for online messaging, voice calls and social 
networking. In this study, the QQ number based on a QQ proxy server utilised a local server management 
system to connect to ChatGPT, which achieved instant feedback, personalised communication, 
continuous conversation and learning intervention. 
 
The system consists of a ChatGPT-based flipped learning system, a QQ learning platform, a database 
management system and a server management system including ChatGPT, a local server and a QQ server. 
The local server is responsible for communication with ChatGPT and the QQ servers, processing data and 
empowering the AI teacher. This system can send prompt requests to the ChatGPT server and then send 
processed feedback information to the learners. The QQ learning platform is designed and developed 
based on the QQ function, including an AI teacher, QQ groups, smart reminders, digital materials and 
learning assignments. The database management system contains conversation databases, assignments 
databases and learning portfolio databases. 
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Figure 1. Architecture of the ChatGPT-based flipped learning system 
 
In this study, the learning content is a series of small courseware projects that need to be designed 
utilising Microsoft PowerPoint, including animation of a single choice and animation of a flying centipede. 
Students need to log into the QQ groups and view the assignments in the assignment folder, as shown in 
Figure 2. The assignment content consists of animation videos and learning tasks. The AI teacher will 
automatically send one of the learning tasks to students in the QQ group every day based on the learning 
worksheet, to remind students to complete the project on time, as shown in Figure 3. During the pre- and 
in-class learning process, the learner may continually communicate with the AI teacher by @AI teacher, 
and the AI teacher can provide the learner with personalised and instant guidance, as shown in Figure 4. 
 

  
Figure 2. Learning worksheet in the QQ group 
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Figure 3. Intelligent reminder from the AI teacher and its communication with learners 
 

 
Figure 4. Personalised and instant guidance by the AI teacher 
 

The ChatGPT-based flipped learning system may analyse personal learning participation in the QQ groups 
with learning analytics and summarize and publish the results. For example, the system can report the 
status of student posts according to the number of posts within 2 days in the database, as shown in Figure 
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5. Furthermore, the system may remind learners that the feedback from ChatGPT is not necessarily 
correct and encourages students to engage in critical conversations with AI teachers through regular 
information reminders, as shown in Figure 6. 
 

 
Figure 5. The summary of students’ learning participation provided by the AI teacher 

 

  
Figure 6. Encouraging students to engage in critical conversations with the AI teacher 
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Experimental design 
 
Participants 
 

A quasi-experimental design was adopted in this study. A total of 81 participants (aged 20 on average) 
were from two classes who took a public compulsory course named Modern Educational Technology at a 
public normal university, representing the average academic level in Mainland China. The participants had 
no prior knowledge of designing and developing courseware. One intact class of 42 students (18 males) 
was randomly assigned to be the experimental group, which adopted ChatGPT-FLCA. The other class of 
39 students (20 males) was the control group, which adopted T-FLGA. The same teacher instructed both 
groups. Ethical approval was obtained before the experiment. 
 
Experimental procedure 
 
The experimental procedure is shown in Figure 7. Designing and developing courseware in the Modern 
Educational Technology course was selected as the learning content for both groups. The experiment 
began on March 13, 2023. In the first 3 weeks, the teacher introduced knowledge on designing and 
developing courseware to all students, including theories and operations of Microsoft PowerPoint. In the 
fourth week, all students completed the pre-test of project performance and the pre-questionnaires. 
Afterward, the experimental group adopted ChatGPT-FLGA for 3 weeks, while the control group adopted 
T-FLGA. In the eighth week, all students completed the post-test of project performance and the post-
questionaries. Finally, three students from each group were invited to participate in an interview. 
 

  
Figure 7. Diagram of the experimental design 
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Data collection instruments 
 

The learners’ performances of the pre- and post-project were tested with a rubric (J. P. Zhang, 2016, pp. 
226–227). The scoring rubric consisted of five dimensions: instruction, science, technology, artistry and 
operability. Its perfect score was 100, as shown in Table 1. Two experienced instructors who had taught 
the educational technology course for 4 years scored the two projects. The Kappa’s k of the scoring results 
of the two projects were 0.64 (p < 0.00) and 0.72 (p < 0.00) respectively, indicating that the scores of the 
two experts had substantial consistency. The score of the project for each student was calculated by taking 
the average of the two experts' scores. 
 
Table 1 
Rubric for scoring the project 

Dimensions Scale 

 5 points 10 points 15 points 20 points 

Instruction The courseware is 
not suitable for the 
needs of teaching 
objects. 

The courseware 
can basically meet 
the needs of 
teaching objects. 

The courseware 
can better meet 
the needs of 
teaching objects. 

The courseware 
can best meet the 
needs of teaching 
objects. 

Science The courseware has 
the most contents 
error. 

The courseware 
has many content 
errors. 

The courseware 
has a few content 
errors. 

The courseware 
has no content 
errors. 

Technology The materials have 
not been 
optimised. 

The materials have 
been slightly 
optimised. 

The materials 
have been well 
optimised. 

The materials have 
been optimised. 

Artistry The materials’ 
matching is 
extremely 
unreasonable. 

The materials’ 
matching is very 
unreasonable. 

The materials’ 
matching is a little 
unreasonable. 

The materials’ 
matching is 
reasonable. 

Operability The courseware 
does not have a 
friendly interface. 

The courseware 
has a good friendly 
interface. 

The courseware 
has a more 
friendly interface. 

The courseware 
has the most 
friendly interface. 

 
The Self-efficacy for Learning and Performance Scale developed by Pintrich et al. (1991) was adopted for 
the study to investigate students’ self-efficacy. This scale consists of eight items, such as “I believe I will 
receive an excellent grade in this class”. A 5-point Likert scoring scale was adopted, from 5 = strongly 
agree to 1 = strongly disagree, and its Cronbach’s α value was 0.93, suggesting that the scale is reliable. 
 
The Learning Attitudes Scale developed by G. J. Hwang and Chang (2011) was adopted for the study to 
investigate students’ learning attitudes. This scale consists of seven items, for example, “I think designing 
and developing a courseware course is interesting and valuable.” A 5-point Likert scoring scale was 
adopted, from 5 = strongly agree to 1 = strongly disagree, and its Cronbach’s α value was 0.79, suggesting 
that the scale is reliable. 
 
The Learning Motivation Scale developed by G. J. Hwang and Chen (2017) was adopted for the study to 
investigate students’ learning motivation. This scale, consisting of the dimensions of intrinsic and extrinsic 
motivation, contains six items, such as “If I can, I want to get better grades in this class than most of the 
other students”. A 5-point Likert scoring scale was adopted and its Cronbach’s α value was 0.79. 
 
The Creative Thinking Tendency Scale developed by Lai and Hwang (2014) was adopted for the study to 
investigate students’ creative thinking. This scale consists of five items, such as “I like to ask some 
questions that others do not think of.” A 5-point Likert scoring scale was adopted, from 5 = strongly agree 
to 1 = strongly disagree, and its Cronbach’s α value was 0.83, implying that the questionnaire is reliable. 
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The interview questions were modified from the measure developed by G. J. Hwang et al. (2009), which 
contains seven questions to gain students' perceptions of the learning activity. The interview content was 
noted down by writing for analysis. Examples of the interview questions include the following: “Overall, 
what do you think are the advantages of this learning method? Please give an example” and “Would you 
recommend that teachers use this system or this method for teaching? Why do you think they need this 
way of teaching? " 
 

Experimental results 
 
One-way covariance (ANCOVA) was utilised to examine students’ performance and perceptions after the 
experiment by controlling for the effects of the pre-project scores and pre-questionnaire ratings, 
respectively. 
 
Project performance 
 
The homogeneity of the regression coefficient was tested on the two groups’ pre-project performance 
scores before analysing the students' project performance by ANCOVA. The assumption of homogeneity 
of regression was not violated with F = 2.83 (p = 0.10 > 0.05), indicating that ANCOVA could be employed 
to analyse the post-project performance of the two groups. As shown in Table 2, the adjusted mean value 
and standard error were 89.93 and 0.43 for the experimental group and 87.13 and 0.45 for the control 
group. According to the results (F = 8.32, p = 0.00 < 0.05), the post-project performance score of the 
experimental group was significantly higher than that of the control group. The value of partial η2 was 
0.09, representing a medium effect size (Cohen, 1988). 
 
Table 2 
One-way ANCOVA result of students’ project performance 

Group N Mean SD Adjusted mean SE F Partial η2 

Experimental 
group 

42 88.80 2.73 89.93 0.43 8.32* 0.09 

Control group 39 87.27 3.41 87.13 0.45   
*p < 0.05. 
 
Analysis of self-efficacy 
 
The homogeneity of the regression coefficient was tested on the two groups’ self-efficacy ratings. The 
results showed that the assumption of homogeneity of regression was passed with F = 1.17 (p = 0.28 > 
0.05), revealing that ANCOVA could be used to analyse students' self-efficacy ratings of the two groups. 
Table 3 shows the results of the self-efficacy rating for the two groups. The adjusted mean value and 
standard error were 34.77 and 0.54 for the experimental group and 33.14 and 0.55 for the control group, 
respectively. According to the results (F = 4.45, p < 0.05), the self-efficacy rating of the experimental group 
was significantly higher than that of the control group. The value of partial η2 was 0.05, representing a 
small effect size. 
 
Table 3 
One-way ANCOVA results of students’ self-efficacy 

Group N Mean SD Adjusted mean SE F Partial η2 

Experimental 
group 

42 35.05 3.73 34.77 0.54 4.45* 0.05 

Control group 39 32.85 4.54 33.14 0.55   
*p < 0.05. 
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Analysis of learning attitudes 
 
The homogeneity of the regression coefficient was tested on the two groups’ learning attitudes ratings. 
The assumption of homogeneity of regression was not violated with F =2.24 (p = 0.14 > 0.05), implying 
the reasonability of executing ANCOVA to probe the students’ learning attitudes. As shown in Table 4, the 
adjusted mean value and standard error were 31.59 and 0.52 for the experimental group and 29.91 and 
0.53 for the control group, respectively. According to the results (F = 5.10, p < 0.05), the self-efficacy rating 
of the experimental group was significantly higher than that of the control group. The value of partial η2 
was 0.06, representing a medium effect size. 
 
Table 4 
One-way ANCOVA result of students’ learning attitudes 

Group N Mean SD Adjusted mean SE F Partial η2 

Experimental 
group 

42 31.50 2.76 31.59 0.52 5.10* 0.06 

Control group 39 30.00 4.21 29.91 0.53   
*p < 0.05. 
 
Analysis of learning motivation 
 
The homogeneity of the regression coefficient was tested on the two groups’ learning motivation ratings. 
Regression slopes of the two groups’ learning motivation scores are homogenous with F = 0.09 (p = 0.76 
> 0.05), suggesting that ANCOVA could be used to analyse learning motivation ratings of the two groups. 
As shown in Table 5, the adjusted mean value and standard error were 26.01 and 0.27 for the 
experimental group and 25.14 and 0.27 for the control group, respectively. The result of ANCOVA showed 
the learning motivation post-test score of the experimental group was significantly higher than that of the 
control group (F =5.32, p = 0.02 < 0.05). The value of partial η2 was 0.06, representing a medium effect 
size. 
 
Table 5 
One-way ANCOVA result of students’ learning motivation 

Group N Mean SD Adjusted mean SE F Partial η2 

Experimental 
group 

42 26.17 2.37 26.01 0.27 5.32* 0.06 

Control group 39 24.98 2.09 25.14 0.27   

*p < 0.05. 
 
The homogeneity of the regression coefficient was tested on the two groups’ intrinsic motivation ratings. 
The assumption of homogeneity of regression slopes was met (F = 1.07, p = 0.30 > 0.05), suggesting that 
ANCOVA could be used to analyse students' intrinsic motivation ratings of the two groups. The result of 
the ANCOVA F test (Table 6) indicated the experimental group achieved higher intrinsic motivation (F 
=7.38, p = 0.00 < 0.05, partial η2 = 0.09). The value of partial η2 was 0.09, representing a medium effect 
size. 
 

Table 6 
One-way ANCOVA result of students’ intrinsic motivation 

Group N Mean SD Adjusted mean SE F Partial η2 

Experimental 
group 

42 12.83 1.50 12.74 0.16 7.38* 0.09 

Control group 39 12.03 1.27 12.12 0.16   

*p < 0.05. 
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The homogeneity of the regression coefficient was tested on the two groups’ extrinsic motivation ratings. 
The results showed that the assumptions of homogeneity of regression were not violated with F = 0.30 (p 
= 0.58 > 0.05), suggesting that ANCOVA could be used to analyse extrinsic motivation ratings of the two 
groups. The result of the ANCOVA F test (Table 7) did not indicate a significant difference (F = 1.01, p = 
0.32 > 0.05, partial η2 = 0.01). 
 

Table 7 
One-way ANCOVA result of students’ extrinsic motivation 

Group N Mean SD Adjusted mean SE F Partial η2 

Experimental 
group 

42 13.33 1.48 13.27 0.18 1.01 0.01 

Control group 39 12.95 1.30 13.02 0.18   

 
Analysis of creative thinking tendency 
 
The homogeneity of the regression coefficient was tested on the two groups’ creative thinking tendency 
ratings. The test of determining homogeneity of regression was not violated with F = 3.50 (p = 0.07 > 0.05), 
suggesting that ANCOVA could be used to analyse creative thinking tendency ratings of the two groups. 
As shown in Table 8, the adjusted mean value and standard error were 19.07 and 0.44 for the 
experimental group, and 17.40 and 0.46 for the control group, respectively. According to the results (F= 
6.85, p = 0.01 < 0.05), the creative thinking tendency of the experimental group was significantly higher 
than that of the control group. The value of partial η2 was 0.08, representing a medium effect size. 
 

Table 8 
One-way ANCOVA result of students’ creative thinking tendency 

Group N Mean SD Adjusted mean SE F Partial η2 

Experimental 
group 

42 19.19 3.00 19.07 0.44 6.85* 0.08 

Control group 39 17.28 3.96 17.40 0.46   
*p < 0.05. 
 
Interview results 
 
The interviews were conducted with six students. The students from the experimental group highly 
praised the ChatGPT-FLGA. Student 1 mentioned, “The AI teacher was great. I could instantly discuss 
problems with him”. Student 2 and Student 3 stated, “The AI teacher provided me with good solutions, 
which expanded my thinking”. However, students from the control group emphasised the advantages of 
T-FLGA, such as opportunities and time. They also raised many problems. Student 4 and Student 6 
expressed, “I had received a response for a long time, so I was very disappointed now”. Furthermore, 
interviewees expressed a desire to integrate AI teachers into online learning platforms, which would allow 
them to engage in real-time conversations with the AI teacher while studying online courses. 
 

Discussion 
 

Students who learned with the ChatGPT-FLGA demonstrated better performance. This finding is in line 
with that of previous researchers (C. J. Lin & Mubarok, 2021). T-FLGA provided students with videos, 
courseware and communication to improve their learning (Awidi & Paynter, 2019), but these supports 
failed to meet the needs of the core practices for PBL, including effective project-based educators, instant 
feedback and student agency in learning communities (Grossman et al., 2019). In ChatGPT-FLGA, students 
might use the AI teacher to obtain the relative answers immediately, which exceeded the support of other 
intelligent chatbots for learning (Hew et al., 2023), elevating students’ performance on the courseware 
projects (Joo et al., 2000). Furthermore, the conversations in the QQ group also generated new 
perspectives, which was conducive to further improving the quality and innovation of the courseware. 
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Students’ self-efficacy was significantly improved with the help of the ChatGPT-FLGA. The result is 
consistent with that of Y. N. Lin et al. (2021) but does not agree with the findings of Fryer et al. (2020), 
who reported that the AI partner did not predict self-efficacy. The main reason is that the previous AI was 
“weak AI” that was difficult to meeting personalised learning (Smith & Vickers, 2021); thus, students might 
lose belief in their own abilities to succeed. ChatGPT might effectively alleviate the weakening of learning 
interest and frustration caused by waiting for feedback for a long time (Wu et al., 2023). In addition, the 
human-like robots might make people feel more confident about handling and learning skills (Latikka et 
al., 2019). ChatGPT was not only uncannily adept at mimicking human communication but also a versatile 
wit. The higher the students' acceptance of ChatGPT-FLGA, the greater their self-efficacy (Chou, 2012). 
 
Students’ learning attitudes were significantly elevated with the assistance of ChatGPT-FLGA. The results 
are consistent with the findings of Y. T. Lin (2019). Students’ learning attitudes were directly associated 
with ChatGPT-FLGA. The technology acceptance model indicates that perceived usefulness and perceived 
ease of use influenced an individual’s intention or attitude to use new technology (Venkatesh & Bala, 
2008). Therefore, perceived usefulness and perceived ease of use of the AI teacher determined whether 
ChatGPT-FLGA would be accepted by students. The AI teacher made this course more interesting and 
encouraged students to actively search for information, which contributed to elevate learning attitudes 
towards applying ChatGPT-FLGA (Yesilyurt et al., 2016). Students interviewed stated that AI teachers 
could meet their learning needs through actions such as providing instant feedback, offering personalised 
scaffolding of learning and provoking interesting learning experiences; therefore, their learning attitudes 
had significantly improved. 
 
Students who learned with ChatGPT-FLGA demonstrated a higher level of learning motivation and intrinsic 
motivation. This finding agrees with the finding of Lee et al. (2022). Learning scaffolding may have positive 
effects on learning effectiveness, flow and learning motivation (Y. C. Lin & Hou, 2023). Providing students 
with proper scaffolding might significantly improve students' motivation (C. H. Chen, 2020). In terms of 
intrinsic motivation, ChatGPT-FLGA provided students with a channel for learning new knowledge by 
instant feedback, creative inspiration and mimicking human conversation so that their learning interest 
was elevated. However, there was no significant difference in extrinsic motivation between the two 
groups. ChatGPT-FLGA might be perceived as a positive experience if students’ extrinsic motives align well 
with their values and needs (Hsieh et al., 2021). Students interviewed stated that they actively interacted 
with the AI teacher to explore something new instead of obtaining external rewards. 
 
Students’ creative thinking ability was significantly elevated with the assistance of ChatGPT-FLGA. The 
result is consistent with the findings of Hung and Yeh (2023). ChatGPT-FLGA might eliminate people's 
concerns regarding the decline of students’ creative thinking ability caused by ChatGPT (Rong, 2023). The 
cognitive processes of creative thinking consist of five stages: preparation, data collection, incubation, 
enlightenment and validation (Dilekçi & Karatay, 2023). Learning scaffolding may foster students’ creative 
thinking (Maksic & Josic, 2021). The AI teacher based on ChatGPT might be seen as a huge adaptive 
scaffold library, providing learning scaffolding for students according to their needs. The AI teacher, in 
assisting students to move through the ZPD, is like a wise person who provided students with learning 
scaffolding (Vygotsky, 1978; Wood et al., 1976). Furthermore, the AI teacher had the function of 
reminding students to think creatively, which also contributed to guiding students to think about new 
ideas. 
 

Conclusion 
 
This study provides new valuable insights into how ChatGPT is utilised to support human-computer 
conversations and how ChatGPT-FLGA promotes students’ performance and perceptions in the flipped 
classroom. The findings revealed that ChatGPT-FLGA can significantly improve students’ project 
performance, self-efficacy, learning attitudes, learning motivation and creative thinking tendency, 
compared with the T-FLGA. The interviewed students’ records provide some evidence that the ChatGPT-
based flipped learning system can meet students’ learning needs, such as instant feedback, personal 



Australasian Journal of Educational Technology, 2023, 39(5). 
 

 

 
54 

guidance and intelligent reminders, so that students’ learning interest is stimulated and self-efficacy is 
promoted, which results in improved learning achievement and learning attitudes. 
 

Limitations and future research 
 
There are some limitations in this study that should be noted. First, ChatGPT-FLGA was developed for the 
multimedia courseware course. Thus, ChatGPT-FLGA may not have the same effectiveness in other 
courses. Second, the experimental results may not be generalisable to students from other universities 
because the experimental university is at the middle level in Mainland China. Furthermore, participants 
were majoring in chemistry, so it is uncertain whether the experimental results can be generalised to 
other subjects. In future research, I plan to incorporate strategies for ChatGPT-FLGA to enhance students' 
extrinsic motivation and explore students’ performance and perceptions. 
 

Acknowledgements 
 
The author would like to thank the students who participated in this study for their support. This research 
was funded by the Ministry of Education, China (grant number: DCA180324). 
 

References 
 
Awidi, I. T., & Paynter, M. (2019). The impact of a flipped classroom approach on student learning 

experience. Computers & Education, 128(1), 269–283. 
https://doi.org/10.1016/j.compedu.2018.09.013 

Bartok-Nicolae, C., Raftu, G., Briceag, R., Sachelarie, L., Caraiane, A., Duta, M., & Farcas, D. M. (2022). 
Virtual and traditional lecturing technique impact on dental education. Applied Science, 12(3), Article 
1678. https://doi.org/10.3390/app12031678 

Bi, J. X., Bigdeli, H., & Izadpanah, S. (2023). The effect of the flipped classroom on reflective thinking, 
academic self-efficacy, and achievement motivation in language learners in intermediate level. 
Education and Information Technologies, 28(1), 11589–11613. https://doi.org/10.1007/s10639-023-
11655-2 

Chan, C. K. Y., & Hu, W. J. (2023). Students' voices on generative AI: Perceptions, benefits, and 
challenges in higher education. International Journal of Educational Technology in Higher Education, 
20, Article 43. https://doi.org/10.1186/s41239-023-00411-8 

Chang, S. C., & Hwang, G. J. (2018). Impacts of an augmented reality-based flipped learning guiding 
approach on students' scientific project performance and perceptions. Computers & Education, 
125(10), 226–239. https://doi.org/10.1016/j.compedu.2018.06.007 

Chen, C. H. (2020). AR videos as scaffolding to foster students' learning achievements and motivation in 
EFL learning. British Journal of Educational Technology, 51(3), 657–672. 
https://doi.org/10.1111/bjet.12902 

Chen, C. H., & Yang, Y. C. (2019). Revisiting the effects of project-based learning on students' academic 
achievement: A meta-analysis investigating moderators. Educational Research Review, 26(1), 71–81. 
https://doi.org/10.1016/j.edurev.2018.11.001 

Chen, H. L., Vicki Widarso, G., & Sutrisno, H. (2020). A chatbot for learning Chinese: Learning 
achievement and technology acceptance. Journal of Educational Computing Research, 58(6), 1161–
1189. https://doi.org/10.1177/0735633120929622 

Choi, H. K., Lee, K., & Lee, S. H. (2023). Developmental study on "smart silver care": A mobile application 
to alleviate loneliness in older adults within the community. Healthcare, 11(17), 1–16. 
https://doi.org/10.3390/healthcare11172376 

Chou, C. M. (2012). Influence of teachers' perceived e-portfolio acceptance on teacher evaluation 
effectiveness in Taiwan. Australasian Journal of Educational Technology, 28(4), 719–739. 
https://doi.org/10.14742/ajet.1382 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence Erlbaum 
Associates. https://doi.org/10.4324/9780203771587 

https://doi.org/10.1016/j.compedu.2018.09.013
https://doi.org/10.3390/app12031678
https://doi.org/10.1007/s10639-023-11655-2
https://doi.org/10.1007/s10639-023-11655-2
https://doi.org/10.1186/s41239-023-00411-8
https://doi.org/10.1016/j.compedu.2018.06.007
https://doi.org/10.1111/bjet.12902
https://doi.org/10.1016/j.edurev.2018.11.001
https://doi.org/10.1177/0735633120929622
https://doi.org/10.3390/healthcare11172376
https://doi.org/10.14742/ajet.1382
https://doi.org/10.4324/9780203771587


Australasian Journal of Educational Technology, 2023, 39(5). 
 

 

 
55 

Collins, A. (1996). Design issues for learning environments. In S. Vosniadou, E. D. Corte, R. Glaser, & H. 
Mandl (Eds.), International perspectives on the design of technology-supported learning 
environments (pp. 347–361). Routledge. 

Collins, A., Seely Brown, J., & Newman, S. E. (1989). Cognitive apprenticeship: Teaching the crafts of 
reading, writing, and mathematics. In R. Glaser & L. B. Resnick (Eds.), Knowing, learning, and 
instruction: Essays in honor of Robert Glaser (1st ed., pp. 453–494). Routledge. 

Cui, J. J., & Yu, S. Q. (2019). Fostering deeper learning in a flipped classroom: Effects of knowledge 
graphs versus concept maps. British Journal of Educational Technology, 50(5), 2308–2328. 
https://doi.org/10.1111/bjet.12841 

Dilekçi, A., & Karatay, H. (2023). The effects of the 21st century skills curriculum on the development of 
students’ creative thinking skills. Thinking Skills and Creativity, 47, Article 101229. 
https://doi.org/10.1016/j.tsc.2022.101229 

Friederichs, H., Friederichs, W. J., & März, M. (2023). ChatGPT in medical school: How successful is AI in 
progress testing? Medical Education Online, 28(1), 1–9. 
https://doi.org/10.1080/10872981.2023.2220920 

Fryer, L. K., Thompson, A., Nakao, K., Howarth, M., & Gallacher, A. (2020). Supporting self-efficacy 
beliefs and interest as educational inputs and outcomes: Framing AI and human partnered task 
experiences. Learning and Individual Differences, 80, Article 101850. 
https://doi.org/10.1016/j.lindif.2020.101850 

Grossman, P., Dean, C. G. P., Kavanagh, S. S., & Herrmann, Z. (2019). Preparing teachers for project-
based teaching. Phi Delta Kappan, 100(7), 43–48. https://doi.org/10.1177/0031721719841338 

Guo, P. Y., Saab, N., Post, L. S., & Admiraal, W. (2020). A review of project-based learning in higher 
education: Student outcomes and measures. International Journal of Educational Research, 102, 
Article 101586. https://doi.org/10.1016/j.ijer.2020.101586 

Gutierrez-Gonzalez, R., Zamarron, A., Royuela, A., & Rodriguez-Boto, G. (2023). Flipped classroom 
applied to neurosurgery in undergraduate medical education. BMC Medical Education, 23, Article 
170. https://doi.org/10.1186/s12909-023-04158-8 

Hew, K. F., Huang, W. J., Du, J. H., & Jia, C. Y. (2023). Using chatbots to support student goal setting and 
social presence in fully online activities: Learner engagement and perceptions. Journal of Computing 
in Higher Education, 35(1), 40–68. https://doi.org/10.1007/s12528-022-09338-x 

Hsia, L. H., & Sung, H. Y. (2020). Effects of a mobile technology-supported peer assessment approach on 
students' learning motivation and perceptions in a college flipped dance class. International Journal 
of Mobile Learning and Organisation, 14(1), 99–113. https://doi.org/10.1504/Ijmlo.2020.103892 

Hsieh, W. L., Signorini, A., Chuang, P. Y. A., & Chen, W. F. (2021). Investigating students' experiences and 
perceptions of a flipped and adaptive online engineering thermodynamics class. International 
Journal of Engineering Education, 37(2), 362–375. https://doi.org/10.19173/irrodl.v18i5.2883 

Huang, Y. M., Silitonga, L. M., & Wu, T. T. (2022). Applying a business simulation game in a flipped 
classroom to enhance engagement, learning achievement, and higher-order thinking skills. 
Computers & Education, 183, Article 104494. https://doi.org/10.1016/j.compedu.2022.104494 

Hung, H. T., & Yeh, H. C. (2023). Augmented-reality-enhanced game-based learning in flipped English 
classrooms: Effects on students' creative thinking and vocabulary acquisition. Journal of Computer 
Assisted Learning, 39(6), 1786–1800. https://doi.org/10.1111/jcal.12839 

Hwang, G. J., & Chang, H. F. (2011). A formative assessment-based mobile learning approach to 
improving the learning attitudes and achievements of students. Computers & Education, 56(4), 
1023–1031. https://doi.org/10.1016/j.compedu.2010.12.002 

Hwang, G. J., & Chen, C. H. (2017). Influences of an inquiry–based ubiquitous gaming design on students’ 
learning achievements, motivation, behavioral patterns, and tendency towards critical thinking and 
problem solving. British Journal of Educational Technology, 48(4), 950–971. 
https://doi.org/10.1111/bjet.12464 

Hwang, G. J., Yang, T. C., Tsai, C. C., & Yang, S. J. H. (2009). A context-aware ubiquitous learning 
environment for conducting complex science experiments. Computers & Education, 53(2), 402–413. 
https://doi.org/10.1016/j.compedu.2009.02.016 

https://doi.org/10.1111/bjet.12841
https://doi.org/10.1016/j.tsc.2022.101229
https://doi.org/10.1080/10872981.2023.2220920
https://doi.org/10.1016/j.lindif.2020.101850
https://doi.org/10.1177/0031721719841338
https://doi.org/10.1016/j.ijer.2020.101586
https://doi.org/10.1186/s12909-023-04158-8
https://doi.org/10.1007/s12528-022-09338-x
https://doi.org/10.1504/Ijmlo.2020.103892
https://doi.org/10.19173/irrodl.v18i5.2883
https://doi.org/10.1016/j.compedu.2022.104494
https://doi.org/10.1111/jcal.12839
https://doi.org/10.1016/j.compedu.2010.12.002
https://doi.org/10.1111/bjet.12464
https://doi.org/10.1016/j.compedu.2009.02.016


Australasian Journal of Educational Technology, 2023, 39(5). 
 

 

 
56 

Hwang, W. Y., Wu, T. H., & Shadiev, R. (2023). Applications of reciprocal teaching in flipped classroom to 
facilitate high level of cognition for sustainable learning practices. Sustainability, 15(7), 1–23. 
https://doi.org/10.3390/su15075848 

Issa, H. B., & Khataibeh, A. (2021). The effect of using project based learning on improving the critical 
thinking among upper basic students from teachers' perspectives. Pegem Egitim Ve Ogretim Dergisi, 
11(2), 52–57. https://www.pegegog.net/index.php/pegegog/article/view/1307 

Joo, Y. J., Bong, M., & Choi, H. J. (2000). Self-efficacy for self-regulated learning, academic self-efficacy, 
and internet self-efficacy in web-based instruction. Educational Technology Research and 
Development, 48(2), 5–17. https://doi.org/10.1007/Bf02313398 

Kamaruddin, N. (2010). Challenges of malaysian developers in creating good interfaces for interactive 
courseware. Turkish Online Journal of Educational Technology, 9(1), 37–42. 
http://www.tojet.net/articles/v9i1/915.pdf 

Karpov, Y. V. (2005). The neo-Vygotskian approach to child development. Cambridge University Press. 
https://doi.org/10.1017/CBO9781316036532 

Krajcik, J., Schneider, B., Miller, E., Chen, I. C., Bradford, L., Baker, Q., Bartz, K., Miller, C., Li, T. T., Codere, 
S., & Peek-Brown, D. (2023). Assessing the effect of project-based learning on science learning in 
elementary schools. American Educational Research Journal, 60(1), 70–102. 
https://doi.org/10.3102/00028312221129247 

Krajcik, J. S., & Shin, N. (2014). Project-based learning. In R. K. Sawyer (Ed.), The Cambridge handbook of 
the learning sciences (2nd ed., pp. 275–297). Cambridge University Press. 
https://doi.org/10.1017/CBO9781139519526.018 

Lai, C. L., & Hwang, G. J. (2014). Effects of mobile learning time on students' conception of collaboration, 
communication, complex problem-solving, meta-cognitive awareness and creativity. International 
Journal of Mobile Learning and Organisation, 8(3/4), 276–291. 
https://doi.org/10.1504/IJMLO.2014.067029 

Lajoie, S. P. (2005). Extending the scaffolding metaphor. Instructional Science, 33(5-6), 541–557. 
https://doi.org/10.1007/s11251-005-1279-2 

Latikka, R., Turja, T., & Oksanen, A. (2019). Self-efficacy and acceptance of robots. Computers in Human 
Behavior, 93(4), 157–163. https://doi.org/10.1016/j.chb.2018.12.017 

Lee, Y. F., Hwang, G. J., & Chen, P. Y. (2022). Impacts of an AI-based chabot on college students’ after-
class review, academic performance, self-efficacy, learning attitude, and motivation. Educational 
Technology Research and Development, 70(5), 1843–1865. https://doi.org/10.1007/s11423-022-
10142-8 

Lin, C. J., & Mubarok, H. (2021). Learning analytics for investigating the mind map-guided AI chatbot 
approach in an EFL flipped speaking classroom. Educational Technology & Society, 24(4), 16–35. 
https://www.jstor.org/stable/48629242 

Lin, Y. C., & Hou, H. T. (2023). Multi-dimensional evaluation of an educational board game using real-
time diagnostic procedure scaffolding: Analysis of learners' learning effectiveness, flow, anxiety, and 
emotion. Educational Psychology, 43(7), 1–21. https://doi.org/10.1080/01443410.2023.2259139 

Lin, Y. N., Hsia, L. H., & Hwang, G. J. (2021). Promoting pre-class guidance and in-class reflection: A 
SQIRC-based mobile flipped learning approach to promoting students' billiards skills, strategies, 
motivation and self-efficacy. Computers & Education, 160, Article 104035. 
https://doi.org/10.1016/j.compedu.2020.104035 

Lin, Y. T. (2019). Impacts of a flipped classroom with a smart learning diagnosis system on students' 
learning performance, perception, and problem solving ability in a software engineering course. 
Computers in Human Behavior, 95(11), 187–196. https://doi.org/10.1016/j.chb.2018.11.036 

Maksic, S., & Josic, S. (2021). Scaffolding the development of creativity from the students' perspective. 
Thinking Skills and Creativity, 41, Article 100835. https://doi.org/10.1016/j.tsc.2021.100835 

Molenda, M., Pershing, J. A., & Reigeluth, C. M. (1996). Designing instructional systems. In R. L. Craig 
(Ed.), The ASTD training and development handbook: A guide to human resource development (4th 
ed., pp. 266–293). McGraw-Hil. 

Nong, I. (2016). Research on multimedia courseware design based on visual communication. In 
Proceedings of the 2016 2nd Workshop on Advanced Research and Technology in Industry 
Applications (pp. 1182–1187). Atlantis Press. https://doi.org/10.2991/wartia-16.2016.250 

https://doi.org/10.3390/su15075848
https://www.pegegog.net/index.php/pegegog/article/view/1307
https://doi.org/10.1007/Bf02313398
http://www.tojet.net/articles/v9i1/915.pdf
https://doi.org/10.1017/CBO9781316036532
https://doi.org/10.3102/00028312221129247
https://doi.org/10.1017/CBO9781139519526.018
https://doi.org/10.1504/IJMLO.2014.067029
https://doi.org/10.1007/s11251-005-1279-2
https://doi.org/10.1016/j.chb.2018.12.017
https://doi.org/10.1007/s11423-022-10142-8
https://doi.org/10.1007/s11423-022-10142-8
https://www.jstor.org/stable/48629242
https://doi.org/10.1080/01443410.2023.2259139
https://doi.org/10.1016/j.compedu.2020.104035
https://doi.org/10.1016/j.chb.2018.11.036
https://doi.org/10.1016/j.tsc.2021.100835
https://doi.org/10.2991/wartia-16.2016.250


Australasian Journal of Educational Technology, 2023, 39(5). 
 

 

 
57 

OpenAI. (2015–2023). Introducing ChatGPT. Retrieved February 12, 2023, from 
https://openai.com/blog/chatgpt 

Organisciak, P., Acar, S., Dumas, D., & Berthiaume, K. (2023). Beyond semantic distance: Automated 
scoring of divergent thinking greatly improves with large language models. Thinking Skills and 
Creativity, 49, Article 101356. https://doi.org/10.1016/j.tsc.2023.101356 

Pintrich, P. R., Smith, D. A. F., Garcia, T., & McKeachie, W. J. (1991). A manual for the use of the 
Motivated Strategies for Learning Questionnaire (MSLQ). National Center for Research to Improve 
Postsecondary Teaching and Learning. 

Ray, P. P. (2023). ChatGPT: A comprehensive review on background, applications, key challenges, bias, 
ethics, limitations and future scope. Internet of Things and Cyber-Physical Systems, 3(1), 121–154. 
https://doi.org/10.1016/j.iotcps.2023.04.003 

Roivainen, E. (2023, March 28). I gave ChatGPT an IQ test. Here's what I discovered. Scientific American. 
https://www.scientificamerican.com/article/i-gave-chatgpt-an-iq-test-heres-what-i-discovered/ 

Rong, Z. (2023). 生成式人工智能技术对教育领域的影响——关于ChatGPT的专访 (The impact of generative artificial 

intelligence technology on education: An interview on ChatGPT). e-Education Research, 44(2), 5–14. 
http://aver.nwnu.edu.cn/Index/ArtShowArticle.do?id=71171264&gid=1212233 

Shen, D. D., & Chang, C. S. (2023). Implementation of the flipped classroom approach for promoting 
college students' deeper learning. Educational Technology Research and Development, 71, 1323–
1347. https://doi.org/10.1007/s11423-023-10186-4 

Smith, N., & Vickers, D. (2021). Statistically responsible artificial intelligences. Ethics and Information 
Technology, 23(3), 483–493. https://doi.org/10.1007/s10676-021-09591-1 

Tavakolizadeh, J., Yadollahi, H., & Poorshafei, H. (2012). The role of self regulated learning strategies in 
psychological well being condition of students. Procedia - Social and Behavioral Sciences, 69, 807–
815. https://doi.org/10.1016/j.sbspro.2012.12.002 

Tsai, S. C. (2019). Implementing interactive courseware into EFL business writing: Computational 
assessment and learning satisfaction. Interactive Learning Environments, 27(1), 46–61. 
https://doi.org/10.1080/10494820.2018.1451896 

Venkatesh, V., & Bala, H. (2008). Technology acceptance model 3 and a research agenda on 
interventions. Decision Sciences, 39(2), 273–315. https://doi.org/10.1111/j.1540-5915.2008.00192.x 

Volante, L., Deluca, C., & Klinger, D. A. (2023). Leveraging AI to enhance learning. Phi Delta Kappan, 
105(1), 40–45. https://doi.org/10.1177/00317217231197475 

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard 
University Press. https://doi.org/10.2307/j.ctvjf9vz4 

Wood, D. J., Bruner, J. S., & Ross, G. (1976). The role of tutoring in problem solving. Journal of Child 
Psychiatry and Psychology, 17, 89–100. https://doi.org/10.1111/j.1469-7610.1976.tb00381.x  

Wu, T. T., Lee, H. Y., Li, P. H., Huang, C. N., & Huang, Y. M. (2023). Promoting self-regulation progress 
and knowledge construction in blended learning via ChatGPT-based learning aid. Journal of 
Educational Computing Research, 61(8), 1–16. https://doi.org/10.1177/07356331231191125 

Yang, L. (2020). Design and teaching reform of interactive multimedia courseware for mechanical 
drawing. In C. Huang, Y. W. Chan, & N. Yen (Eds.), Advances in intelligent systems and computing: 
Vol. 1088). Data processing techniques and applications for cyber-physical systems (DPTA 2019) (pp. 
1487–1493). Springer. https://doi.org/10.1007/978-981-15-1468-5_176 

Yesilyurt, E., Ulas, A. H., & Akan, D. (2016). Teacher self-efficacy, academic self-efficacy, and computer 
self-efficacy as predictors of attitude toward applying computer-supported education. Computers in 
Human Behavior, 64(11), 591–601. https://doi.org/10.1016/j.chb.2016.07.038 

Zaina, L. A. M., & Martinelli, S. R. (2023). Virtual flipped classroom in HCI courses: Case studies on the 
experience of brazilian students. Interacting with Computers, 35(2), 191–208. 
https://doi.org/10.1093/iwc/iwad015 

Zhang J. P. (2016). 现代教育技术（第4版）(Modern education technology (4th ed.)). 高等教育出版社 (Higher 

Education Press). 

https://openai.com/blog/chatgpt
https://doi.org/10.1016/j.tsc.2023.101356
https://doi.org/10.1016/j.iotcps.2023.04.003
https://www.scientificamerican.com/article/i-gave-chatgpt-an-iq-test-heres-what-i-discovered/
http://aver.nwnu.edu.cn/Index/ArtShowArticle.do?id=71171264&gid=1212233
https://doi.org/10.1007/s11423-023-10186-4
https://doi.org/10.1007/s10676-021-09591-1
https://doi.org/10.1016/j.sbspro.2012.12.002
https://doi.org/10.1080/10494820.2018.1451896
https://doi.org/10.1111/j.1540-5915.2008.00192.x
https://doi.org/10.1177/00317217231197475
https://doi.org/10.2307/j.ctvjf9vz4
https://doi.org/10.1111/j.1469-7610.1976.tb00381.x
https://doi.org/10.1177/07356331231191125
https://doi.org/10.1007/978-981-15-1468-5_176
https://doi.org/10.1016/j.chb.2016.07.038
https://doi.org/10.1093/iwc/iwad015


Australasian Journal of Educational Technology, 2023, 39(5). 
 

 

 
58 

Zhang, Z., Zhang, L., Mi, T., & Qiu, S. (2023). 大型语言模型会催生学校结构性变革吗——基于ChatGPT的前瞻性分析 

(Will large language model lead to structural changes in schools? Prospective analysis based on 
ChatGPT). Chinese Journal of Distance Education, 43(4), 16–23. 
http://ddjy.cbpt.cnki.net/WKH/WebPublication/paperDigest.aspx?paperID=509ae47b-a665-4091-
86e0-000804532ce5 

 

 
Corresponding author: Hai-Feng Li, tangshanlhf@163.com 
 
Copyright: Articles published in the Australasian Journal of Educational Technology (AJET) are available 

under Creative Commons Attribution Non-Commercial No Derivatives Licence (CC BY-NC-ND 4.0). 
Authors retain copyright in their work and grant AJET right of first publication under CC BY-NC-ND 4.0. 

 
Please cite as: Li, H.-F. (2023). Effects of a ChatGPT-based flipped learning guiding approach on learners’ 

courseware project performances and perceptions. Australasian Journal of Educational Technology, 
39(5), 40-58. https://doi.org/10.14742/ajet.8923 

http://ddjy.cbpt.cnki.net/WKH/WebPublication/paperDigest.aspx?paperID=509ae47b-a665-4091-86e0-000804532ce5
http://ddjy.cbpt.cnki.net/WKH/WebPublication/paperDigest.aspx?paperID=509ae47b-a665-4091-86e0-000804532ce5
mailto:tangshanlhf@163.com
https://doi.org/10.14742/ajet.8923

	Introduction
	Literature review
	Project-based learning for courseware performance
	Flipped classroom
	ChatGPT and the flipped classroom

	Research questions
	Research hypotheses
	A ChatGPT-FLGA
	Theoretical background
	Instructional design model
	ChatGPT-FLGA and the learning system

	Experimental design
	Participants
	Experimental procedure
	Data collection instruments

	Experimental results
	Project performance
	Analysis of self-efficacy
	Analysis of learning attitudes
	Analysis of learning motivation
	Analysis of creative thinking tendency
	Interview results

	Discussion
	Conclusion
	Limitations and future research
	Acknowledgements
	References

