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Abstract
Integrating Artificial Intelligence (AI) into learning activities is an essential oppor-
tunity to develop students’ varied thinking skills. On the other hand, design-based 
learning (DBL) can more effectively foster creative design processes with AI tech-
nologies to overcome real-world challenges. In this context, AI-supported DBL 
activities have a significant potential for teaching and developing thinking skills. 
However, there is a lack of experimental interventions in the literature examining 
the effects of integrating AI into learner-centered methods on active engagement and 
thinking skills. The current study aims to explore the effectiveness of AI integration 
as a guidance and collaboration tool in a DBL process. In this context, the effect of 
the experimental application on the participants’ design thinking mindset, creative 
self-efficacy (CSE), and reflective thinking (RT) self-efficacy levels and the relation-
ship between them were examined. The participants used ChatGPT and Midjourney 
in the digital story development process as part of the experimental treatment. The 
only difference between the control and experimental groups in the digital storytell-
ing process is the AI applications used in the experimental treatment (ChatGPT and 
Midjourney). In this quasi-experimental method study, participants were randomly 
assigned to treatment, an AI integration intervention, at the departmental level. 87 
participants (undergraduate students) in the experimental group and 99 (undergradu-
ate students) in the control group. The implementation process lasted five weeks. 
Partial Least Squares (PLS), Structural Equation Modeling (SEM), and Multi-Group 
Analysis (MGA) were made according to the measurements made at the T0 point 
before the experiment and at the T1 point after the experiment. According to the 
research result, the intervention in both groups contributed to the creative self-effi-
cacy, critical reflection, and reflection development of the participants. On the other 
hand, the design thinking mindset levels of both groups did not show a significant 
difference in the comparison of the T0 point and the T1 point.
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1  Introduction

Developments such as artificial intelligence are followed by theoretical and applied 
studies on integrating these new technologies into learning processes (Aksu Dünya 
& Yıldız Durak, 2023; Durak & Onan, 2023). Technological developments change 
how businesses do (Kandlhofer et  al., 2016) and the ways of learning and teach-
ing. Chatbot platforms have components that will profoundly affect learning-teach-
ing processes, including various threats and opportunities (Yildiz Durak, 2023a). 
Although preparing student homework through such environments is a threat, these 
environments have essential advantages, such as accessing information in the learn-
ing-teaching process and providing integration of favorable aspects with methods 
that support various student activities and creativity. There is a lack of experimen-
tal intervention in the literature examining the effects of the integration of artifi-
cial intelligence into learner-centered methods on learner active participation and 
creativity (Lund & Wang, 2023). In this context, this study includes an experimental 
intervention to address the shortcomings mentioned in the literature.

Design thinking is a skill teachers should have for the effective use of technology 
in education (Beckwith, 1988; Tsai & Chai, 2012). Teachers’ lack of design think-
ing skills is defined as one obstacle in technology integration. These barriers are 
classified in the literature as primary, secondary, and tertiary (Ertmer, 1999; Ertmer 
et al., 2012; Tsai & Chai, 2012). Primary barriers are related to a lack of infrastruc-
ture, training, and support (Snoeyink & Ertmer, 2001). Secondary barriers generally 
include teachers’ affective perceptions (e.g., belief, openness to change, self-confi-
dence, and attitude) toward technology integration (Ertmer et  al., 2012; Keengwe 
et  al., 2008). Removing primary and secondary barriers does not guarantee that 
technology integration will provide meaningful learning (Saritepeci, 2021; Yildiz 
Durak, 2021). Tsai and Chai (2012) explained this situation with tertiary barriers. 
The learning process is not static; it is dynamic and constantly changing. Therefore, 
teachers need to have design thinking skills to transform this variable nature of the 
learning process (Tsai & Chai, 2012; Yildiz Durak et  al., 2023). Overcoming ter-
tiary barriers significantly facilitates the effective use of technology in education. 
Beckwith’s (1988) Educational Technology III perspective, which expresses the 
most effective form of technology use in education, is a flexible structure to pro-
vide learners with more meaningful experiences instead of following a systematic 
process strictly dependent on instructional design, methods, and techniques in edu-
cational environments. The Educational Technology III perspective refers to design-
based learning practices.

The dizzying developments that occur with technological innovations in today’s 
business, social, and economic life make our predictions about what kind of job a 
K12 student will do in the future (Darling-Hammond, 2000; Saritepeci, 2021). In 
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this case, removing the educational technology III perspective and the tertiary bar-
riers to technology integration is essential. Teachers and pre-service teachers should 
have the skills to be successful in the coming years, which are uncertain in many 
ways, and to create opportunities to support these learners. The design-based learn-
ing approach has remarkable importance in developing the design-oriented think-
ing skills of the pre-service teacher. In this context, a structure in which artificial 
intelligence applications are integrated into the digital storytelling method applica-
tion processes, one of the most effective applications of the design-based learning 
approach in learning processes, will support the design-oriented thinking skills of 
pre-service teachers.

2 � Related works

Studies on the use of artificial intelligence in education focus on various areas such 
as intelligent tutoring system (ITS), (Chen, 2008; Rastegarmoghadam & Ziarati, 
2017), personalized learning (Chen & Hsu, 2008; Narciss et al., 2014; Zhou et al., 
2018), assessment-feedback (Cope et al., 2021; Muñoz-Merino et al., 2018; Ram-
narain-Seetohul et al., 2022; Ramesh & Sanampudi, 2022; Samarakou et al., 2016; 
Wang et  al., 2018), educational data mining (Chen & Chen, 2009; Munir et  al., 
2022) and adaptive learning (Arroyo et al., 2014; Wauters et al., 2010; Kardan et al., 
2015). These studies aim to improve the quality of the learning-teaching process 
by providing individualized learning experiences and increasing the effectiveness of 
teaching methods.

The intelligent tutoring system is the most prominent study subject in studies on 
the use of AI in education (Tang et al., 2021). ITS focuses on using AI to provide 
learners with personalized and automated feedback and guide them through the 
learning process. Indeed, there is evidence in the literature that using ITS in various 
teaching areas can improve learning outcomes. Huang et  al. (2016) reported that 
using ITS in mathematics teaching reduces the gaps between advantaged and disad-
vantaged learners.

Personalized learning environments, another prominent use of AI in education, 
aim to provide an experience where the learning process is shaped within the frame-
work of learner characteristics. In addition, supporting the learning of individuals 
who are disadvantaged in subjects such as learning disabilities is a promising field 
of study. Indeed, Walkington (2013) noted that personalized learning experience 
provides more positive and robust learning outcomes. Similarly, Ku et  al. (2007) 
investigated the effect of a personalized learning environment on solving math prob-
lems. The study results show that the experimental group learners, especially those 
with lower-level mathematics knowledge, performed better than the control group.

Assessment and feedback, one of the forms of AI in education, is another area 
where the number of studies on the COVID-19 epidemic has increased (Ahmad 
et  al., 2022; Hooda et  al., 2022). Ahmad et  al. (2022) compared artificial intelli-
gence and machine learning techniques for assessment, grading, and feedback and 
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found that accuracy rates ranged from 71 to 84%. Shermis and Burstein (2016) 
stated that the automatic essay evaluation system gave similar scores to student work 
with human evaluators, but the system had difficulties in studies that were different 
in terms of creativity and structure organization. Accordingly, more development 
and research should be done to help AI systems produce more effective results in 
assessment and grading. In another study, AI-supported constructive and personal-
ized feedback on the texts created by learners effectively improved reflective think-
ing skills (Liu et al., 2023). In the same study, this intervention reduced the cogni-
tive load of the learners in the experimental group and improved self-efficacy and 
self-regulated learning levels.

The use of AI in educational data mining and machine learning has been increas-
ing in recent years to discover patterns in students’ data, such as navigation and 
interaction in online learning environments, to predict their future performance 
or to provide a personalized learning experience (Baker et al., 2016; Munir et al., 
2022; Rienties et  al., 2020). Sandra et  al. (2021) conducted a literature review of 
machine learning algorithms used to predict learner performance and they examined 
285 studies published in the IEEE Access and Science Direct databases between 
2019–2021. The study results show that the most frequently used machine learning 
algorithm to predict learner performance is the classification machine learning algo-
rithm, followed by NN, Naïve Bayes, Logistic Regression, SVM, and Decision Tree 
algorithms.

The main purpose of artificial intelligence studies in the field of AI is to cre-
ate an independent learning environment by reducing the supervision and control of 
any pedagogical entity by providing learners with a personalized learning process 
within the framework of the learner and subject area characteristics (Cui, 2022; Zhe, 
2021). To achieve this, system designs for predicting learner behaviors with intel-
ligent systems, providing automatic assessment, feedback, and personalized learn-
ing experiences, and intervention studies examining their effectiveness come first. 
This study develops a different perspective and experiences of the learner’s create-
to-learn process in collaboration with AI. There are predictions in various studies 
that AI and collaborative learning processes can support the creativity of learners 
(Kafai & Burke, 2014; Kandlhofer et  al., 2016; Lim & Leinonen, 2021; Marrone 
et al., 2022). In this regard, Lund and Wang (2023) emphasized that the focus should 
be on developing creativity and critical thinking skills by enabling learners to use AI 
applications in any learning task (Fig. 1).

3 � Focus of study

This study investigates the effectiveness of artificial intelligence integration (Chat 
GPT and Midjourney application) as a guidance and collaboration tool in the design-
based process integrated into educational environments in a design-based learning 
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process. In this context, whether the experimental application was effective in the 
design thinking mindset levels of the participants and their relationship with crea-
tive, reflective thinking self-efficacy was examined.

Participants were tasked with developing a digital story in a design-based pro-
cess. In the context of experimental treatment, participants were systematically 
encouraged to use Chat GPT and Midjourney as guidance tools in the digital story 
development process. Apart from this treatment, the design-based learning process 
of the control group is very similar to the experimental group.

Therefore, all participants were exposed to the same environment at the uni-
versity where the application was made, and they did not enroll in any additional 
technology education courses. This pretest–posttest experimental method study 
with a control group continued for four weeks, during which the student-pro-
duced an active product in design-based learning. In the current research context, 
the following research questions were addressed:

RQ1: Is the integration of artificial intelligence in a design-based learning pro-
cess effective on the levels of design thinking mindset, and creative and reflec-
tive thinking self-efficacy?

Fig. 1   Proposed structural model. * T0: Time 0 (pretest), T1: Time 1 (posttest). * CSE: Creative self-
efficacy, RT_R: Reflective thinking- Reflection, RT_CR: Reflective thinking- Critical reflection, DTM: 
Design thinking mindset
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RQ2: Do the relationships between design thinking mindset and creative and 
reflective thinking self-efficacy levels differ in the context of the experimental 
process?

In line with these research questions, the following hypotheses were tested:

H1a. Creative self-efficacy for 5 weeks is greater for the experimental group.
H1b. Influence of creative self-efficacy on the design thinking mindset is simi-
lar for two groups.
H1c. Influence of creative self-efficacy after 5 weeks on the design thinking 
mindset is similar for two groups.
H1d. Influence of creative self-efficacy after 5 weeks on the design thinking mindset 
is greater for the experimental group.
H2a. Influence of critical reflection on the design thinking mindset is similar for two 
groups.
H2b Influence of critical reflection on the design thinking mindset after 5 weeks is 
greater for the experimental group.
H2c. Critical reflection for 5 weeks is greater for the experimental group.
H2d. Influence of critical reflection after 5 weeks on the design thinking mindset is 
greater for the experimental group.
H3a. Influence of reflection on the design thinking mindset is similar for two groups.
H3b. Influence of reflection on the design thinking mindset after 5 weeks is greater 
for the experimental group.
H3c. Reflection for 5 weeks is greater for the experimental group.
H3d. Influence of reflection after 5 weeks on the design thinking mindset is greater 
for the experimental group.
H4. Design thinking mindset for 5 weeks is greater for the experimental group.

4 � Methods

4.1 � Research design

This study is a quasi-experimental method study with the pretest–posttest control group 
(Fig. 2). In this experimental methodology study, participants were randomly assigned 
to treatment, an AI integration intervention, at the departmental level. There were 87 
(46.8%) participants in the experimental group and 99 (53.2%) participants in the con-
trol group. The participants were pre-service teachers studying in the undergraduate 
program of the faculty of education.

The treatment in this study also served the purposes of the educational technology 
course as the application of design-based learning activity as an important tool in edu-
cational technology that participants (pre-service teachers) might consider using in 
their future teaching careers.
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Fig. 2   Implementation Process
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In addition, all participants have been exposed to the same opportunities regarding 
the use of digital technologies in education and none of them attended an additional 
course. Therefore, the prior knowledge of both groups was similar. Participation in the 
surveys is completely voluntary. For this reason, although 232 and 260 participants par-
ticipated in the pretest and posttest, respectively, 186 students who filled in both ques-
tionnaires and participated in the application were included in the study. However, both 
groups were given the same input on design-based learning activities and tasks. There-
fore, there is no learning loss for the control group.

4.2 � Participants

The participants were 186 pre-service teachers studying at a state university in 
Turkey. All participants are enrolled in an undergraduate instructional technology 
course and study in five different departments. The ages of the participants vary 
between 17–28 years, with an average age of 19.12. 74.2% of the participants were 
female and 25.8% were male. The high rate of women is because the education fac-
ulties in Turkey have a similar demographic structure. The majority of the partici-
pants are first-year and second-year students.

The daily use of social technology (social media, etc.) is 3.89 (in hours). Technol-
ogy usage time for entertainment (watching movies and series, listening to music, 
etc.) is 2.7 h. While the daily use of technology for gaming (mobile, computer, con-
sole games, etc.) is 0.81, the period of use of technology for educational purposes 
is 1.74. The participants use technology primarily for social and entertainment 
purposes.

4.3 � Procedure

4.3.1 � Experimental group

In this group, students performed the DST task as a DBL activity using ChatGPT 
and MidJourney artificial intelligence applications. These tasks include selecting 
topics, collaborative story writing with ChatGPT, scripting, creating scripted scenes 
with MidJourney, and voice acting, as well as integrating them. Examples of multi-
media items prepared by the students in this group are shown in Fig. 3.

The artificial intelligence applications they will use in this task were introduced 
one week before the application. Students did various free activities with these 
applications. In the first week of the application, students were asked to choose a 
topic within a specific context. The students researched their chosen topic and chat-
ted with ChatGPT to deepen their knowledge. The students created the stories within 
the steps of the instruction presented by the instructor in collaboration with Chat-
GPT. (1) ChatGPT should be asked three questions while creating the story setup. 
Each question should contribute to the formation of the story. (2) A story should 
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Fig. 3   Experimental group student products-screenshot
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be created by organizing ChatGPT’s answers. (3) At least 20% and a maximum of 
50% of the story must belong to the student. To assess whether the students executed 
these three steps accurately and to offer feedback when needed, they shared the link 
to the page containing their conversations with the questions and answers they used 
to create their stories with the course instructor. The instructor compared the text 
accessed from this page with the final text of the student’s story. He scanned the 
final versions of the student stories on Turnitin to check if the student’s contribution 
to the story creation was no more than 50%.

In the next stage (weeks 2 and 3), students created each scene using MidJour-
ney artificial intelligence bots in line with the storyboards they created by scripting 
their stories. The most important challenge for the students was to ensure continuity 
in interrelated and successive scenes using MidJourney bots, and they created the 
audio files by voicing the texts related to each scene. In the fourth week, students 
combined elements such as scenarios, scenes, and sound recordings using digital 
story development tools (Canva, Animaker, etc.). The final version of the digital sto-
ries was shared on the Google Classroom platform.

Learners sent the product they created for each application step and informa-
tion about the process from the activity links on the Google Classroom course 
page. The course instructor reviewed these posts and provided corrective feed-
back to the students.

Fig. 4   Control group student products-screenshot
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4.3.2 � Control group

In this group, students were tasked with preparing a digital story on a topic as 
DBL activities. This task includes choosing a subject, writing a story, script-
ing, preparing multimedia elements, and integrating them. Products such as sto-
ryboards and videos produced by students in DBL activities carried out in this 
group are shown in Fig. 4.

In the first week of the application, the participants were asked to choose a 
topic within a context, as in the experimental group. The students researched the 
determined topic, created a story related to the subject, then scripted the story 
and prepared the storyboards. In the second and third weeks of the application, 
the students created the audio files by vocalizing the texts related to each scene 
(according to the scenario) in line with the storyboard. Furthermore, pictures, 
backgrounds, and characters were created in line with the scenario (usually com-
piled from ready-made pictures and characters). In the fourth week, digital story 
development tools combined scenarios, pictures, backgrounds, sound recordings, 
and characters. The final version of the stories was shared on the Google Class-
room platform.

4.4 � Data collection and analysis

Data were collected at two-time points via the online form. Personal Information 
Form and three different data collection tools were used in this study.

4.4.1 � Instrumentation

Self‑description Form  There are 8 questions in the personal information form. These 
were created to collect information about gender, age, department, class, and total 
hours spent using digital technologies for different purposes.

Design Thinking Mindset Scale  The scale was developed by Ladachart et al. (2021) 
and consists of six sub-dimensions: being comfortable with problems, user empa-
thy, mindfulness of the process, collaborative working with diversity, orientation to 
learning, and creative confidence. The rating is in a 5-point Likert type. The validity 
and reliability values of the scale are presented in Sect. 5.

Reflective Thinking Scale  Kember et al. (2000) developed this scale to measure stu-
dents’ belief in their ability to be creative; the Turkish adaptation of this scale was 
created by Başol and Evin Gencel (2013). Although the scale consists of four sub-
dimensions, two were included in the study because they were suitable for the study, 
and the rating is in a 5-point Likert type. The validity and reliability values of the 
scale are presented in Sect. 5.
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Creative Self‑Efficacy Scale  The original scale, developed by Tierney and Farmer 
(2011) to measure their belief in their ability to be creative, was adapted into Turk-
ish by Atabek (2020). The scale consists of three items, and the rating is a 7-point 
Likert type. In the context of this study, the data before the analysis was converted 
into a 5-point Likert structure, and the validity and reliability values of the scale are 
presented in Sect. 5.

4.4.2 � Analysis

The effect of design-based learning activities integrated with artificial intelligence as 
a teaching intervention was tried to be measured by repeated measurement. Data col-
lection tools were applied in the first week (T0) and the fifth week (T1) in the exper-
imental and control groups. For analysis, only the responses (survey data) provided 
by students who fully participated in the application and answered the data collec-
tion tools at both T0 and T1 points were included. Partial Least Squares-Structural 
Equation Modeling (PLS-SEM) was used to analyze the data and test the hypoth-
eses. SmartPLS 4 was used in the analysis (Ringle et  al., 2022). The PLS-SEM 
method allowed the parameters of complex models to be estimated without making 
any distribution assumptions on the data. In addition, the differences between the 
experimental and control groups were examined using the Multiple Group Analysis 
(MGA) features in PLS-SEM, and it was tested whether there was a significant dif-
ference between MGA and group-specific external loads and path coefficients.

5 � Results

In the first stage, the measurement model was tested. In the second stage, the struc-
tural model was evaluated in the context of MGA.

Table 1   Reliability values: Cronbach’s alpha, Composite reliability rho_a, and AVE

Cronbach’s alpha Composite reliabil-
ity (rho_a)

The average 
variance extracted 
(AVE)

Creative Self-efficacy T0 0.785 0.792 0.702
Creative Self-efficacy T1 0.815 0.822 0.730
Design Thinking Mindset T0 0.796 0.869 0.514
Design Thinking Mindset T1 0.861 0.887 0.6
Critical Reflection T0 0.755 0.754 0.672
Critical Reflection T1 0.746 0.760 0.7
Reflection T0 0.845 0.858 0.7
Reflection T1 0.859 0.865 0.703
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5.1 � Measurement model

When the measurement and structural models were evaluated, the indicator loads 
were higher than the recommended value of 0.7 (See Appendix Table 7).

Internal consistency reliability is represented by Cronbach’s alpha, composite 
reliability (CR), and rho_a (See Table 1). All values are above the threshold value of 
0.70 by default. For convergent validity, the average variance extracted (AVE) value 
is used and this value is expected to be above 0.5. The values in the model were 
found to be higher than this threshold value.

Heterotrait-monotrait ratio (HTMT) and the Fornell-Larcker criterion were used 
for discriminant validity. The values found indicate that discriminant validity has 
been achieved, as seen in Tables 2 and 3.

Considering all the data obtained, the measurement model of the proposed model 
is suitable for testing hypotheses.

5.2 � SEM

The structural model of the PLS-SEM was examined as it provides the measure-
ment model assumptions. PLS-SEM was run using 1000 bootstrapping. The signifi-
cant differences in the path coefficients of the assumed relationships between design 
thinking mindset levels and creative and reflective thinking self-efficacy between the 
experimental and control groups were examined, and the findings are presented in 
Table 4.

According to Table 4, the structural model was examined in terms of significant 
differences in the path coefficients of the assumed relationships to test the research 
hypotheses, and the creative self-efficacy and reflective thinking dimensions for the 
students in the experimental and control groups differed after the treatment process.

R2 values indicate the explanatory power of the structural model and these values 
show moderate to significant power (See Table 5).

To examine whether there is a significant difference between the path coefficients 
for the experimental and control groups, the PLS-MGA Parametric test values were 
examined and the results are presented in Table 6.

According to Table 6, the findings show that there is no significant difference in 
the effect of creative self-efficacy, and reflective thinking on design thinking mind-
set between the two groups. After the treatment process, there is no significant dif-
ference in the relationships between creative self-efficacy, reflective thinking, and 
design thinking mindset. The significance levels of the path coefficients showed that 
the hypotheses were not supported.

6 � Discussion and conclusion

This study examined the effect of AI integration, which is integrated into the digi-
tal storytelling process, a design-based learning method, on design thinking mind-
set and whether it is effective in its relations with creative, reflective thinking 
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self-efficacy. The participants used ChatGPT and Midjourney applications in the 
digital story development process as part of the experimental treatment. The only 
difference in the digital storytelling process between the control and experimental 
groups is the AI applications used in the experimental treatment. The experimen-
tal intervention covers four weeks. Data were collected from the participants before 
(T0) and after the application (T1) with data collection tools. There is a significant 
difference at the T1 point compared to the T0 point in both groups’ creative self-
efficacy, critical reflection, and reflection levels. Accordingly, the intervention in 
both groups contributed to the participants’ creative self-efficacy, critical reflection, 
and reflection development. On the other hand, the design thinking mindset levels of 
both groups did not show a significant difference in the comparison of the T0 point 
and the T1 point.

According to the multigroup comparison of the creative self-efficacy level at 
T0 and T1 points, there was no significant difference between the groups. When 
compared to T0 at the T1 point, creative self-efficacy improvement was achieved 
in both groups. This is valuable as it shows that the creative self-efficacy contri-
bution of intensive use of AI support in a design-based learning environment is 
similar. Indeed, creativity, recognized as one of the core competencies in educa-
tion, is part of CSE, which includes the belief that an individual is capable of 
producing creative results (Yildiz Durak, 2023b). There are predictions in vari-
ous studies that AI and collaborative learning processes can support the creativ-
ity of learners (Kafai & Burke, 2014; Kandlhofer et al., 2016; Lim & Leinonen, 
2021; Marrone et  al., 2022). Marrone et  al. (2022) provided eight-week train-
ing sessions on creativity and AI to middle school students. In their subsequent 
interviews with the students, the most dominant opinion was that AI support had 
a crucial role in supporting their creativity. In support of this, the experimental 
treatment in our study requires various creative interventions from the students: 
(1) Students asked at least three questions to ChatGPT while creating a story. (2) 
Each question contained abstracting from the previous AI answer and directions 
on how to continue. (3) they also created their constructs by creating connecting 
sentences and paragraphs to gather the answers given by ChatGPT. In addition, 
the second part where creativity came into play was creating scenes related to the 
story in the Midjourney environment. (4) While creating these scenes, the student 

Table 5   R2 values R-square R-square adjusted

Creative Self-efficacy T1 0.235 0.231
Design Thinking Mindset T0 0.613 0.606
Design Thinking Mindset T1 0.417 0.394
Critical Reflection T1 0.094 0.090
Reflection T1 0.220 0.215
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had to plan scenes by abstracting the story he had created in collaboration with 
AI, create those scenes, and provide detailed parameters to the Midjourney bot 
to ensure continuity between the scenes. It may be that, relatively, in the expecta-
tion control group, the realization of this whole process by the students through 
various creative practices will further support creativity and self-efficacy. Regard-
ing this situation, Riedl and O’Neill (2009) highlighted that although these tools 
(Canva, Animaker, etc.) make it possible to develop creative content, the user may 
not get significant results. In this context, they pose an essential question: “Can 
an intelligent system augment non-expert creative ability?”. Lim and Leinonen 
(2021) argued that AI-powered structures can effectively support creativity and 
that humans and machines can learn from each other to produce original works. 
Taking this one step further, AI will contribute to students’ creativity in learning 
and teaching processes (Kafai & Burke, 2014). Indeed, Wang et al. (2023) found a 
significant relationship between students’ AI capability levels and their creativity, 
explaining 28.4% of the variance in creativity.

According to the research findings, all ways between reflective thinking scale 
sub-dimensions critical reflection and reflection and design thinking mindset are 
insignificant (H2a, H2b, H2d, H3a, H3b, H3d). In addition, there is no significant 
difference between the groups according to the multi-group comparison at T0—T1 
points for reflection and critical reflection. On the other hand, there is a significant 
improvement in the critical reflection and reflection levels at the T1 point of both 
groups compared to the T0 point. Accordingly, AI collaboration has a similar effect 
to the process in the control group on the learners’ reflective thinking levels in the 
design-based learning process. In support of this, we have evidence that incor-
porating AI in various forms in educational processes has essential outcomes for 
reflective thinking. Indeed, Liu et al. (2023) reported that an intervention involving 
incorporating AI into the learning process as a feedback tool to support reflective 
thinking in foreign language teaching resulted in remarkable improvements in learn-
ing outcomes and student self-efficacy.

DBL involves learners assimilating new learning content to overcome authentic 
problems and creating innovative products and designs to showcase this learning in 
the simplest way possible. In this study, DST processes, which allow the applica-
tion of DBL to different learning areas, are included in both interventions. In the 
literature, DST helps learners reflect on what they have learned (Ivala et al., 2014; 
Jenkins & Lonsdale, 2007; Nam, 2017; Robin, 2016; Sandars and Murray, 2011) 
and develop reflective thinking skills (Durak, 2018; Durak, 2020; Malita & Mar-
tin, 2010; Sadik, 2008; Sarıtepeci, 2017) is a method with critical elements. The 
critical implication here is that all processes of AI collaboration on reflection and 
critical reflection have a similar effect as the DST process planned by the learners. 
The similar effect of AI collaboration allowed learners to understand the benefits of 
AI in the DST process and to develop in-depth learning by combining their thought 
processes with AI and finding creative ways to reflect on their learning. Indeed, 
Shum and Lucas (2020) claims that AI can help individuals think more deeply about 
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challenging experiences. The DST process includes stages (story writing, scenario 
creation, planning scenes, etc.) that allow learners to embody their reflections on 
their learning (Ohler, 2006; Sarıtepeci, 2017).

The multi-group analysis results of the road between the design thinking mind-
set T0 – T1 points are insignificant (H4). In addition, there was no significant 
improvement in design thinking mindset scores in both groups compared to T0 
at the T1 point. Accordingly, the effect of the design-based learning process car-
ried out in the experimental and control groups on the learners’ design thinking 
mindset scores was limited. The study’s expectation was the development of the 
design thinking levels of the learners and, as a result, meaningful improvements 
in the design thinking mindset levels. This result may be because the application 
process is not long enough to develop versatile skills such as design thinking. Raz-
zouk and Shute (2012) emphasized that design thinking is challenging to acquire 
in a limited context. However, they argue that students can learn to design thinking 
skills together with scaffolding, feedback, and sufficient practice opportunities. The 
DST process included scaffolding and feedback processes in both groups. Although 
there are different stages for acquiring and developing design thinking skills during 
the application process, the similar characteristics of the design thinking mindset 
level may indicate the need for more extended practice. However, the fact that the 
design thinking mindset is a self-reporting tool limits our predictions about indi-
viduals’ design thinking skill acquisition and development in the process.

7 � Conclusion

In conclusion, the intensive use of AI support in a design-based learning envi-
ronment similarly impacts the development of participants’ creative self-efficacy, 
reflective thinking, and design thinking mindset levels. The AI collaboration 
process showed a similar effect to the planned design-based learning process by 
allowing learners to understand the benefits of AI in the design thinking mind-
set and to develop in-depth learning by combining their thought processes with 
AI. However, it is essential to note that the study’s expectation of meaningful 
improvements in the design thinking mindset levels was unmet. This suggests that 
more extended practice periods and more support and feedback processes may be 
necessary to effectively develop versatile skills such as design thinking.

The research contributes to our understanding of the impact of AI collaboration 
on learners’ levels of creative self-efficacy, reflective thinking, and design thinking 
mindset. Further studies with extended practice periods and additional scaffolding 
and feedback processes could provide valuable insights into the effective develop-
ment of design thinking skills in AI-supported design-based learning environments.
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