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Abstract

Generative artificial intelligence (AI) tools such as ChatGPT can boost creative
performance, but do these boosts translate into learning gains? This study examined
whether the benefits of ChatGPT for creativity persist even when its assistance is
removed, and how people can effectively use ChatGPT to enhance their learning
and independent creativity. University students (N=196) solved a creative prod-
uct improvement task either independently (human-only group) or using ChatGPT
freely (general-Al group) or using ChatGPT in a guided way (regulated-Al group).
Specifically, the regulated-Al group used a novel “think first, ChatGPT later” ap-
proach—they first generated their own ideas, then collaborated with ChatGPT to
improve, develop, and evaluate them. Thereafter, all groups independently solved
a creative product invention task. On the first task, the general-Al group produced
more creative solutions than the human-only and regulated-Al groups. But without
ChatGPT assistance on the second task, the general-Al group’s creativity declined
to levels comparable to the human-only group. In striking contrast, despite a lack
of performance gains on the first task, the regulated-Al group outperformed both
the human-only and general-Al groups in independent creativity on the second task.
Process analyses revealed that the general-Al group most often simply dictated
ChatGPT to directly generate the solutions. Conversely, the regulated-Al group
more frequently collaborated with ChatGPT to improve their self-generated ideas,
in turn mediating their later advantage over the general-Al group in independent
originality. Thinking of one’s own ideas first, then collaborating with ChatGPT to
improve them, promotes learning gains in independent human creativity.
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Introduction

The advance of generative artificial intelligence (Al) technologies, tools, and chatbots
such as ChatGPT has sparked significant interest worldwide in their impact on human
cognition and learning. Developed by OpenAl for conversational usage, ChatGPT
is a generative Al-based large language model (LLM) that has been trained with
vast amounts of data through deep learning techniques to mimic human language
processing. Indeed, LLMs such as ChatGPT have been found to pass the Turing test
in generating human-like text and content that are statistically indistinguishable from
those by humans (Kobis & Mossink, 2021; Mei et al., 2024).

According to Bauer et al.’s (2025) ISAR model, Al can exert four types of effects
on learning: inversion (i.e., when Al leads to reduced cognitive processing and learn-
ing), substitution (i.e., when Al provides instructional equivalence to non-Al alterna-
tives without changing cognitive processing or learning), augmentation (i.e., when
Al enhances instruction by providing additional learning support without neces-
sarily deepening cognitive processing), and redefinition (i.c., when Al fosters deep
constructive or interactive processes to enhance learning). Thus, redefinition effects
may be key for harnessing the transformative potential of Al in education, where
Al-enhanced learning activities encourage deep rather than shallow processing in
learners (Bauer et al., 2025).

A growing body of research has found that using ChatGPT can promote educa-
tionally valued, complex cognitive outcomes such as critical thinking (Deng et al.,
2025; Suriano et al., 2025) and, of particular interest to this study, creativity (Lee &
Chung, 2024; Urban et al., 2024). Although these findings offer promising opportuni-
ties to boost human performance, they also raise important questions: To what extent
do people learn deeply when spontaneously using ChatGPT to solve creative tasks?
Whereas ChatGPT assistance can increase creative performance on the task at hand,
do such benefits persist for human learning and independent creativity when Chat-
GPT assistance is subsequently removed? If not, how can people be guided to interact
more effectively with ChatGPT for sustained gains in their learning and creativity?
The present study seeks to answer these pressing questions.

Creativity and Creative Problem-Solving

What is “creativity”? Based on the “Four Ps” model that has gained wide consensus
in creativity research (Plucker et al., 2004; Rhodes, 1961; Runco, 2004), creativity
is the interaction among the creative person, creative process, and creative press (or
environment) that results in a tangible creative product that is original (or novel) and
useful (or effective). Thus, originality and usefulness are both central to creativity
(Runco & Jaeger, 2012; see also Kaufman & Glaveanu, 2019), although the rise of Al
technologies has stimulated discourse on recalibrating definitions of creativity to also
account for Al’s “artificial creativity” that lacks the authenticity and intentionality in
human creativity (Runco, 2025).

Creativity tends to occur when solving ill-defined problems, particularly those that
cannot be solved through rote application of past experience and that may have mul-
tiple potentially viable paths to multiple different end states or solutions (Sawyer &
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Henriksen, 2023). The production of creative products or solutions is then facilitated
by the creative process (Lubart, 2001), which has been viewed as a dynamic interplay
between divergent and convergent thinking (Guilford, 1967b; Rawlings et al., 2025).
Whereas divergent thinking involves exploring and generating multiple ideas (Acar
& Runco, 2019; Runco & Acar, 2012), convergent thinking involves evaluating those
ideas and selecting a single best solution (Cropley, 2006). When solving ill-defined
problems, people may thus iteratively engage in both divergent and convergent think-
ing during the various stages of the creative process in generating, developing, evalu-
ating, and selecting ideas that are original and useful (Mumford et al., 1991, 2002;
Vernon et al., 2016).

In line with the view of creativity as a process, people can be taught to think
more creatively (Plucker et al., 2004; Rhodes, 1961). Much research has shown that
creative thinking can be developed, particularly through interventions that train the
requisite cognitive skills and heuristics for skill application (Scott et al., 2004). For
instance, a single brief training session that guides people to apply creative thinking
skills (e.g., brainstorming and developing ideas, making connections among ideas)
can improve post-training creative performance (Clapham, 1997; Ritter & Mostert,
2017).

Generative Al and Creativity

Although creativity has long been revered as the hallmark of uniquely human cogni-
tion and expression, generative Al has challenged this bastion (Garcia, 2025). Studies
comparing ideas generated by humans versus generative Al have found few differ-
ences in their originality and usefulness (Gilhooly, 2024; Haase & Hanel, 2023) or
even more creative ideas from generative Al (Hubert et al., 2024), suggesting that
generative Al has risen to at least human-level creativity or even surpassed it. More-
over, recent studies have found that solving creative tasks with ChatGPT improves
creative performance (e.g., Lee & Chung, 2024; Li, 2025; Urban et al., 2024). For
instance, Urban et al. (2024) had university students solve a product improvement
task—a complex, ill-defined creative problem that involved improving an ordinary
product such as a stuffed bunny—either independently (human-only group) or by
freely using ChatGPT for assistance (Al group). The Al group produced solutions
that were more original, useful, and elaborate than those of the human-only group,
demonstrating that ChatGPT can enhance creative performance.

Likewise, Lee and Chung (2024) had participants generate creative ideas for
everyday objects (e.g., paperclip, garden hose) or invent product ideas (e.g., a dining
table that does not exist in the market). Participants generated more creative ideas
when they used ChatGPT for assistance, relative to solving the task independently
or using Google for assistance. Presumably, ChatGPT goes beyond traditional web
search engines such as Google to synthesize remotely related knowledge into coher-
ent and articulate responses rather than simply listing multiple relevant pages for
users to navigate and synthesize, thereby supporting users to combine disparate ideas
for more creative solutions (Lee & Chung, 2024).

@ Springer



45 Page 4 of 48 Educational Psychology Review (2026) 38:45

Unresolved Questions

Notwithstanding the allure of using ChatGPT for better creativity, at least three unre-
solved yet critical issues emerge. We discuss each of these issues in turn below.

Does Using ChatGPT in Creative Tasks Improve Learning or Mere Performance?

First, does using ChatGPT boost one’s deep learning and creative thinking skills, or
does it simply inflate one’s creative performance when assisted by the tool? Here, it
is vital to differentiate between performance (i.e., temporary fluctuations in behavior
or knowledge) and learning (i.e., longer-term changes in behavior or knowledge;
Soderstrom & Bjork, 2015). Although this distinction is fundamental, it has often
been neglected in extant research on generative Al in education (Yan et al., 2025). For
instance, a recent meta-analysis of 62 studies (Deng et al., 2025) aimed to examine
whether ChatGPT enhances “student learning”, yet reported that ChatGPT improves
“academic performance”. Reflecting the common conflation of performance versus
learning, the meta-analysis included studies that examined students’ performance on
the ChatGPT-assisted task (e.g., Stadler et al., 2024; Urban et al., 2024) or even stu-
dents’ self-reported perceptions of their thinking skills or dispositions (e.g., Essel et
al., 2024; Yilmaz & Karaoglan Yilmaz, 2023). Unsurprisingly, there was significant
heterogeneity among the meta-analyzed studies.

Indeed, whereas extant research has focused on the benefits of ChatGPT assistance
for learners’ immediate creative performance on the assisted task (e.g., Lee & Chung,
2024; Li, 2025; Urban et al., 2024), few—if any—studies have examined whether
these creative benefits persist even on subsequent unassisted tasks when access
to ChatGPT is removed. Yet, learners’ unassisted creative task performance could
reveal whether their prior interactions with ChatGPT have yielded deep learning that
supports independent human creativity. Arguably, developing such creative thinking
in learners is a common, fundamental goal of many educational systems around the
world (Strom & Strom, 2002). If learners excel on creative tasks only when assisted
by ChatGPT but not on subsequent unassisted creative tasks, this could potentially
reflect appropriation of ChatGPT’s responses rather than learning (Schwartz & Lin,
2001).

This issue aligns with broader concerns about the potential pitfalls of overreli-
ance on generative Al (Nah et al., 2023), although similar concerns have loomed
even before its advent. Notably, Bainbridge (1983) cautioned about the “ironies of
automation” in which overreliance on automated systems may expand rather than
eliminate problems with the human operator, particularly in their development of
cognitive skills such as long-term knowledge and monitoring (see also Wong & Lim,
2023). Such cautionary note has been echoed in the context of generative Al use
(Huber et al., 2024; Kasneci et al., 2023), which has been viewed as potentially harm-
ful when it eliminates the productive struggle that lies at the heart of learning (Rus
& Kendeou, 2025; see also Bjork, 1994 for a discussion of “desirable difficulties”).

Indeed, such concerns are not unfounded. Some evidence suggests that learners
tend to rely on, rather than learn from, generative Al tools such as ChatGPT (Darvishi
et al., 2024; Fan et al., 2025). For instance, Fan et al. (2025) found that students
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who completed an essay-writing task with ChatGPT showed greater improvement
in their essay scores on the assisted task, relative to students who completed the task
independently or with assistance from a human expert or with the support of writing
analytics tools. However, the ChatGPT group did not display better knowledge or
transfer of information related to the essay topic than the other groups, suggesting
that the students had simply appropriated the content generated by ChatGPT in the
essay-writing task without developing a deeper understanding. In another study,
Darvishi et al. (2024) provided students with Al prompts for four weeks during peer
review tasks. In the next four weeks, these prompts were removed for some students
but not others. Students for whom Al assistance was removed then produced lower-
quality peer reviews than those who continued to receive Al assistance, suggesting
that students tended to rely on Al assistance to maintain the quality of their work
instead of learning from it.

How Do Learners Use ChatGPT To Solve Creative Tasks?

This brings us to the second critical issue: Whereas extant research has explored
the effects of ChatGPT on creative performance, fewer studies have examined how
exactly learners interact with ChatGPT to assist them with the creative task, with
some exceptions (Boers et al., 2025; Urban et al., 2025). For instance, Boers et al.
(2025) examined transcripts of students’ conversations with ChatGPT when solving
creative tasks such as generating different uses for a common object (e.g., brick) and
generating ideas for a societal problem (e.g., improving the use of public trains).
Process analyses revealed that most of the students’ expressed ideas were produced
by literally repeating (or copying) ChatGPT’s ideas; seldom did students combine
their own self-generated ideas with ChatGPT’s ideas. Thus, students often do not
spontaneously interact with ChatGPT in constructive and interactive ways—generat-
ing ideas beyond the provided material, and collaboratively or mutually generating
ideas with frequent turn-taking (Chi & Wylie, 2014)—that would enhance their deep
learning for redefinition effects of Al (Bauer et al., 2025).

Instead, students tend to interact with ChatGPT in merely active ways by overtly
repeating or manipulating its output, which tends to yield a shallow understanding
(Chi & Wylie, 2014). Yet, most students (93%) in Boers et al.’s (2025) study reported
that they were most frequently inspired by ChatGPT’s ideas to come up with new
ideas, revealing a lack of metacognitive awareness about their actual creative prob-
lem-solving processes.

How Can Learners Be Guided To Collaborate with ChatGPT in Creative Tasks for
Learning Gains?

Taken together, extant research suggests that learners tend to rely on ChatGPT
instead of using it in ways that enhance their learning. Consequently, although using
ChatGPT can boost creative performance on the assisted task (Lee & Chung, 2024;
Li, 2025; Urban et al., 2024), such performance boosts may not translate to learning
gains for independent human creativity on subsequent unassisted tasks. Thus, the
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third critical issue is: How can we guide learners to interact more collaboratively with
ChatGPT during creative problem-solving to support their deep learning?

Recent discussions and proposed models of human—AlI collaboration for creativity
have emphasized co-creation in which humans and Al are partners or collaborators in
the creative process (Beghetto, 2023; Wu et al., 2021), such that the resulting creative
product is synergistic in going beyond what would be possible by humans or Al alone
(Vinchon et al., 2023). Thus, under this view, Al does not replace humans. Neither do
humans simply dictate or edit AI’s output. Rather, humans co-create with Al.

What does “co-creation” involve? To state the obvious, the term implies that
humans must (also) create. Indeed, McGuire et al. (2024) found that people were less
creative when they received an Al-generated poem then freely edited it, as compared
to writing a poem independently. Crucially, this deficit dissipated when people co-
created with generative Al, taking turns to write one line of poetry akin to a conversa-
tion. Specifically, participants first determined the theme of the poem and wrote the
first line of poetry. The generative Al system then responded with another line based
on the theme, which participants could freely edit, doing so iteratively until eight
lines of poetry had been collaboratively written. Thus, human—AlI collaboration is
enhanced when people take on the role of a co-creator in setting the creative direc-
tion, generating their own creative ideas, and developing the final creative product in
tandem with Al, rather than merely reacting to AI’s output as an editor.

This idea resonates with a parallel literature on how using the internet to “google”
or search for information impacts human learning. Giebl et al. (2023) found that
students better recalled the answers to trivia questions when they had first attempted
to think of and generate the answers before consulting the internet (“thinking-before-
googling”), rather than immediately searching the internet without attempting to
think about the answers (“googling-right-away”). Presumably, googling-right-away
bypassed the need for students to retrieve and generate the answers on their own,
thus robbing them of a valuable learning opportunity since such cognitive processes
benefit learning (Bjork & Bjork, 2011; Kornell et al., 2009). Yet, 81% of students
in Giebl et al.’s (2023) study reported that they tended to immediately search the
internet instead of thinking first, suggesting that explicit guidance may be needed to
redirect students from such suboptimal tendencies.

Besides generating one’s own creative ideas, co-creation involves improving,
developing, and evaluating ideas in tandem with Al In a process-mining study,
Urban et al. (2025) found that on a ChatGPT-assisted creative problem-solving task,
high performers iteratively dialogued with ChatGPT in monitoring, regulating, and
improving the generation of ideas, whereas low performers tended to use ChatGPT
merely as an information resource similar to traditional web search engines such as
Google. Thus, effective human—AlI collaboration involves interacting with ChatGPT
as a brainstorming and feedback partner, rather than as an answer provider only.

For learners to enact such collaborative processes, guiding their metacognition and
self-regulated learning is crucial. Although having access to ChatGPT in a creative
task can boost learners’ creative self-efficacy (i.e., belief in one’s capacity to pro-
duce creative outcomes; Tierney & Farmer, 2002), this increased confidence in one’s
potential to act creatively does not always correspond to actual creative performance
(Haase et al., 2018; Urban et al., 2024; cf. Puente-Diaz & Cavazos-Arroyo, 2017).
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When freely interacting with ChatGPT, learners tend to default to a state of “meta-
cognitive laziness”—Iess frequently engaging in metacognitive and self-regulated
learning processes such as planning their strategies, and monitoring and evaluating
their progress based on the task goals (Fan et al., 2025). However, such processes
are vital for creative problem-solving (Greene et al., 2019; Kaufman & Beghetto,
2013; Lebuda & Benedek, 2025; Puryear, 2016). For instance, during divergent
thinking, learners must devise, change, and implement their strategies to achieve
the task goals (Benedek & Lebuda, 2025; Lebuda & Benedek, 2025). Moreover,
during convergent thinking, learners must metacognitively evaluate their generated
ideas to select the most promising ones for further development, while screening out
less creative ideas. Metacognitive experiences such as mental effort and perceived
task difficulty could provide cues that inform not only learners’ creative problem-
solving processes (Puente-Diaz, Cavazos-Arroyo, & Vargas-Barrera, 2021), but also
their self-monitoring in judging their learning and self-regulation in deciding how to
proceed in their problem-solving (van Gog et al., 2020). Indeed, people with higher
levels of metacognitive strategies have been found to leverage ChatGPT assistance
more effectively for better creative performance (Sun et al., 2025).

The Present Study: Guiding Human-AlI Collaboration in Creative Problem-Solving

Based on co-creation principles for effective human—AlI collaboration, the present
study developed and tested a novel “think first, ChatGPT later” approach that guided
people to interact collaboratively with ChatGPT during creative problem-solving.
The approach comprised three phases. In the first phase, learners were asked to
independently think of and generate their own initial ideas to solve a given creative
problem. In the second phase, learners were guided to interact collaboratively with
ChatGPT to improve, develop, and evaluate their ideas. Specifically, learners were
presented with sample prompts intended to scaffold their creative and metacognitive
processes when interacting with ChatGPT, although they could also freely use their
own prompts. Finally, in the third phase, learners independently proposed a single
best solution based on their initial ideas and earlier interactions with ChatGPT.

In this study, university students were first tasked to solve a creative product
improvement task either using the guided approach to interact collaboratively with
ChatGPT (regulated-Al group) or freely using ChatGPT for assistance (general-Al
group) or independently (human-only control group). All three groups then inde-
pendently solved a second, relatively more complex creative product invention task.
Based on findings that ChatGPT assistance improves creative performance (e.g., Lee
& Chung, 2024; Li, 2025; Urban et al., 2024): We expected that on the first creative
task, the general-Al and regulated-Al groups would produce more creative (i.e., more
original and useful) solutions than the human-only group. Conversely, on the second
creative task when ChatGPT assistance was removed, the general-Al group’s creativ-
ity would decline to levels comparable to the human-only group, since people tend
to rely on rather than learn from ChatGPT when using it freely (Boers et al., 2025).
Crucially, to the extent that the regulated-Al group learned deeply from collabora-
tively interacting with ChatGPT, they would sustain their advantage on the second
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creative task even when ChatGPT assistance was removed, outperforming both the
human-only and general-Al groups.

To examine how the general-Al and regulated-Al groups used ChatGPT during
the first creative task, we coded transcripts of their conversations with ChatGPT for
the frequency of collaborative prompts (e.g., prompts aimed at improving one’s ini-
tial ideas, developing selected ideas, and evaluating ideas with ChatGPT) and non-
collaborative prompts (e.g., prompts directly asking ChatGPT for solutions without
providing one’s own ideas, and using ChatGPT as an information resource). We
expected that the regulated-Al group would use more collaborative prompts than
the general-Al group, in turn mediating their superior independent creativity on the
second creative task.

For exploratory purposes, we further measured whether the three learning groups
differed in their subjective creative problem-solving experience (e.g., mental effort,
perceived task difficulty, motivation) during both creative tasks. Because creative
self-efficacy and metacognitive processing (e.g., monitoring and regulating one’s
thinking and performance) have been linked to creative performance (Lebuda &
Benedek, 2025; Puente-Diaz & Cavazos-Arroyo, 2017), learners were also asked to
report their creative self-efficacy and metacognition, including their self-assessments
of their performance on both creative tasks.

Method
Participants

The participants were 197 students (125 female, 67 male, 5 undisclosed) between the
ages of 18 and 29 (M=21.62, SD=2.09) from a large public university in Singapore,
who received either course credit or monetary reimbursement for their participation.
The students came from diverse majors and were at different stages in their college
education. Outcomes reported below are based on data from 196 participants; one
participant who failed to adhere to the experimental instructions was excluded from
analyses. The target sample size was determined based on the estimated effect size
of d=0.55 reported in Urban et al. (2024) for the benefit of freely using ChatGPT on
originality in a product improvement task similar to the one in this study. An a priori
power analysis (G¥Power; Faul et al., 2007) indicated that at least 53 participants per
condition would afford 80% power for two-tailed between-subjects pairwise compar-
isons at a=.05. All participants provided their written informed consent. This study
was conducted with ethics approval from the university’s institutional review board.

Design
Participants were randomly assigned to one of three learning groups: human-only

(control condition; n=64), general-AI (n=67), or regulated-AI (n=65). The main
outcomes of interest were participants’ creativity on two creative problem-solving

@ Springer



Educational Psychology Review (2026) 38:45 Page 9 of 48 45

tasks: (a) a product improvement task, which participants completed independently
in the control condition versus with ChatGPT assistance in both Al groups, and (b) a
subsequent product invention task, which all participants completed independently.

Materials
Baseline Creativity Measure

The Alternate Uses Task (AUT; Guilford, 1967a) served as a baseline measure of
participants’ creative performance at the start of the experiment. The AUT is the
prototypical and most commonly used divergent thinking task (Saretzki et al., 2024),
although it has been viewed to require a mixture of both divergent and convergent
thinking that characterize the creative process (Cortes et al., 2019). In the AUT, par-
ticipants must generate creative uses for a familiar everyday object (e.g., car tire,
paperclip), going beyond its common and mundane functions (e.g., using a car tire
as a car part) to develop more unusual ideas (e.g., using a car tire as a chandelier).
All participants were given 2 min to write down as many unusual and creative uses
as possible for a car tire. Thus, the task instructions emphasized not only quantity of
ideas, but also quality and creativity (Acar et al., 2020).

Intervention Creative Task

During the intervention, all participants were given 12 min to solve a product
improvement task (Urban et al., 2024; see also Torrance, 2008), in which they pro-
posed their best creative idea to improve an ordinary stuffed bunny to make it more
fun to play with and achieve higher sales. Participants were explicitly told that a cre-
ative idea must be both original and useful (see detailed instructions for each learning
group in Appendix A).

Sample Prompts for Regulated-Al Group

To guide the regulated-Al group’s collaborative interactions with ChatGPT, seven
sample prompts were created and presented (see Table 1). Based on the core pro-
cesses in creative problem-solving (e.g., idea generation, development, evaluation,
and selection; Vernon et al., 2016), the sample prompts illustrated how participants
could collaboratively interact with ChatGPT to improve, develop, and evaluate their
ideas. Specifically, the sample prompts scaffolded creative and metacognitive pro-
cesses such as seeking refinements and feedback for improving ideas, elaborating on
promising ideas, connecting and combining ideas, identifying weaknesses in ideas,
refining selected ideas, and comparing and evaluating ideas (e.g., Lebuda & Benedek,
2025; Mumford et al., 1991, 2002). Participants were told that the sample prompts
were purely for illustration purposes—if so desired, participants could use their own
prompts that followed the principles of the given samples, even if their prompts were
not worded identically.

@ Springer



45 Page 10 of 48 Educational Psychology Review (2026) 38:45

Table 1 Sample prompts for

Creative Problem-Solving ~ Sample Prompt
regulated-Al group

Process

Seek initial refinements and “I need to come up with an original

feedback and useful idea to improve an
ordinary stuffed bunny. My ideas are
XXX and XXX. What can I change
or add to make the ideas better?”

Seek more ideas and “How else can we further improve

refinements the ideas to make them even more
original and useful?”

Elaborate on promising “I like your suggestion of XXX—can

ideas you expand on it?”

Compare and evaluate “Which of my ideas is/are more

ideas creative, and why?”

Connect and combine ideas “How can I combine these ideas to
make a single best creative concept?”

Identify weaknesses in “What’s missing from my bunny
ideas idea?”
Refine selected ideas and “Here’s my updated idea: [describe

iterate based on feedback ~ changes]. What additional tweaks
could we make?”

Post-Intervention Questionnaire

After the intervention, all participants completed a questionnaire in which they self-
assessed their creative performance on the product improvement task, and rated their
subjective creative problem-solving experience, creative self-efficacy, and metacog-
nition. The general-Al and regulated-Al groups further rated their subjective experi-
ence interacting with ChatGPT and their reliance on ChatGPT during the intervention.

Self-Assessment of Creative Task Performance All participants evaluated the origi-
nality and usefulness of their solution on the product improvement task (Urban &
Urban, 2021). Specifically, they rated how original their idea was for improving the
stuffed bunny (1=not original at all; 7= extremely original) and how useful their idea
was for increasing sales (1 =not useful at all, 7=extremely useful).

Subjective Creative Problem-Solving Experience Participants rated their subjective
experience solving the product improvement task on five items (adapted from Lee &
Chung, 2024; Urban et al., 2024): (a) “I found solving this task interesting”, (b) “I felt
motivated to complete this task”, (c) “I invested a lot of mental effort in this task”, (d)
“I feel mentally exhausted after solving this task”, and (e¢) “This task was difficult”.
All items were rated on a scale from 1 (strongly disagree) to 7 (strongly agree).

Creative Self-Efficacy To measure participants’ creative self-efficacy in solving
subsequent similar tasks (Beghetto & Karwowski, 2017; Karwowski et al., 2019),
they expressed the extent that they agreed with the following statement: “I am
confident that I can come up with original and useful ideas in future similar tasks”
(1=strongly disagree;, 7=strongly agree). Both the general-Al and regulated-Al
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groups additionally rated their self-efficacy in creatively solving subsequent similar
tasks without ChatGPT (Urban et al., 2024): “Even without ChatGPT, I am confident
that I can come up with original and useful ideas in future similar tasks” (1=strongly
disagree; 7=strongly agree).

Metacognition in Creative Problem-Solving To measure participants’ metacogni-
tion during the intervention, the 11-item Metacognition in Creative Problem-Solving
(MCPS) scale (Urban & Urban, 2023) was used. The wording of the scale items was
adapted for the present study context (e.g., “When solving the task, ...” instead of
“When writing an essay or working on a project, ...”). The MCPS measured self-
assessed frequency of engagement in four metacognitive skills: (a) planning (e.g.,
“Before I started solving the task, I considered how to approach the problem in an
original way”), (b) monitoring (e.g. “When working on the task, I asked myself if
what I am doing is leading to the fulfillment of my goal”), (c) regulation (e.g., “When
solving the task, I tried to think innovatively about the topic instead of just doing the
same thing over and over again”), and (d) evaluation (e.g., “When I finished working
on the task, I asked myself if my solution has met my goal”). All items were rated
from 1 (strongly disagree) to 7 (strongly agree). Participants’ mean metacognition
was computed as their mean rating across all items. The post-intervention MCPS
scale displayed high internal consistency, Cronbach’s a.=.85.

Subjective Experience Interacting with ChatGPT The general-Al and regulated-Al
groups further rated their subjective experience interacting collaboratively with
ChatGPT on three items adapted from Lee and Chung (2024): (a) “I felt like I was
having a conversation with ChatGPT”, (b) “I felt like I was brainstorming together
with ChatGPT”, and (c) “I felt like I was having a social interaction with ChatGPT
to come up with an idea”. All items were rated on a scale from 1 (strongly disagree)
to 7 (strongly agree). Participants’ mean perceived collaboration with ChatGPT was
computed as their mean rating across all three items. The measure had high internal
consistency in this study, Cronbach’s a=.86.

In addition, both AI groups reported their reliance on ChatGPT in solving the prod-
uct improvement task (adapted from Lee & Chung, 2024): “To what extent was your
bunny idea generated by you versus external sources?” (1=the idea was generated
entirely by external sources; 7=the idea was generated entirely by me). Participants’
ratings were reverse-scored such that higher ratings reflected greater self-reported
reliance on ChatGPT.

Following Urban et al. (2024), both the general-Al and regulated-Al groups also
rated their perceived usefulness of ChatGPT: “ChatGPT was useful for me when
solving this task” (1 =strongly disagree; 7=strongly agree).

Post-Intervention Creative Task
After completing the post-intervention questionnaire, all participants were given

12 min to independently solve a product invention task (adapted from McMahon et al.,
2016). Specifically, participants invented a new game that helps adults and university
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students learn basic foreign language vocabulary for everyday life. Participants were
asked to propose their best creative idea that is both original and useful, making the
game fun and effective for learning. They were also told to develop their idea into a
full game design, including specific details such as the game title, required materials,
and gameplay description (see detailed instructions in Appendix B). Thus, whereas
the product improvement task during the intervention required improving an existing
product, the post-intervention product invention task was relatively more complex in
that it required creating and developing a new product.

Post-Experiment Questionnaire

At the end of the experiment, all participants completed a questionnaire in which they
self-assessed their creative performance on the product invention task, rated their
subjective creative problem-solving experience and metacognition during the task,
and indicated their prior experience using ChatGPT.

Self-Assessment of Creative Task Performance Participants evaluated how original
their game was for learning a foreign language (1=not original at all; 7=extremely
original) and how useful their game was for learning a foreign language (1 =not use-
ful at all; 7=extremely useful).

Subjective Creative Problem-Solving Experience Participants rated their subjective
experience solving the product invention task on the same five items used in the post-
intervention questionnaire. They also rated how much they agreed with the following
statement: “I used what I learned from the previous task to complete this task”. All
six items were rated on a scale from 1 (strongly disagree) to 7 (strongly agree).

Metacognition in Creative Problem-Solving Participants’ metacognition during the
product invention task was assessed via the same 11-item MCPS scale that had been
used in the post-intervention questionnaire. The post-experiment MCPS scale dis-
played high internal consistency, Cronbach’s a.=.88.

Prior Experience Using ChatGPT Finally, all participants reported their prior experi-
ence using ChatGPT by selecting one of seven given options (adapted from Urban et
al., 2024): (a) “I do not know ChatGPT”, (b) “I heard about ChatGPT, but I have not
used it yet”, (¢) “I have only used ChatGPT once”, (d) “I have used ChatGPT several
times, but I do not use it regularly”, (e) “I use ChatGPT several times a month”, (f) “I
use ChatGPT several times a week”, or (g) “I use ChatGPT daily”.

Procedure
Participants were run in groups of up to five per session in a lab setting. Upon arriving
for the experiment, participants were each seated individually and provided with a

personal computer. All computers had the same hardware and software settings. The
experimental tasks and questionnaires were completed in a single open tab in the web
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browser window. The human-only control group had no other open tabs or windows,
whereas both Al groups had a separate window open with ChatGPT-4 during the
intervention. On all computers, memory/model training in ChatGPT-4 was switched

off.

The experiment comprised three stages—pre-intervention, intervention, and post-
intervention—with a total duration of approximately 30 min. Figure 1 depicts a flow-
chart of the procedure. To ensure that all participants understood what was required
of them, the experimenter verbally reinforced all task instructions.

Pre-Intervention Stage

At the start of the experiment, participants’ baseline creative performance was
assessed via the AUT. Specifically, all participants were given 2 min to write down as
many unusual and creative uses as possible for a car tire.

Baseline Creativity Measure: Alternate Uses Task (2 min)
Generate as many unusual and creative uses as possible for a car tire

Human-Only Group

General-Al Group

Regulated-Al Group

Product Improvement
Task (12 min)
Improve a stuffed bunny to
make it more fun to play with
and achieve higher sales

e Solve task independently
without ChatGPT assistance
(12 min)

Product Improvement
Task (12 min)
Improve a stuffed bunny to
make it more fun to play with
and achieve higher sales

¢ Solve task with ChatGPT
assistance, freely using the
tool (12 min)

Product Improvement
Task (12 min)
Improve a stuffed bunny to
make it more fun to play with
and achieve higher sales

Phase 1: Independently
generate initial ideas (3 min)
Phase 2: Collaborate with
ChatGPT to develop initial
ideas (6 min)

Phase 3: Independently
refine best idea (3 min)

Post-Intervention Questionnaire

Product Invention Task (12 min)

Independently invent a new game to help adults and university students learn basic
foreign language vocabulary for everyday life in a fun and effective way

Post-Experiment Questionnaire

Fig. 1 Flowchart of experimental procedure
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Intervention Stage

Next, the intervention began. All participants were given 12 min to solve a product
improvement task, in which they proposed their best creative idea to improve an
ordinary stuffed bunny to make it more fun to play with and achieve higher sales
(see detailed instructions for each learning group in Appendix A). The human-only
group solved the task independently, whereas the general-Al and regulated-Al groups
solved the task with ChatGPT assistance.

The general-AI group was instructed to freely use ChatGPT to assist them with the
task in any way they liked. To facilitate this, their personal computer was set up in a
split-screen layout during the intervention with the ChatGPT-4 window open on one
side and the web browser open on the other side for participants to submit their final
solutions. Participants were told to give ChatGPT clear, detailed prompts and context
to get the best responses from it.

The regulated-AI group was told that they would be guided through three phases
to complete the task. In Phase 1, participants were given 3 min to independently
generate their own initial creative ideas to improve the stuffed bunny. Participants
were told that their initial ideas did not have to be perfect, and that they would later
be given time to develop and select their best creative idea. They were also encour-
aged to think freely while focusing on originality and usefulness. In Phase 2, par-
ticipants were given 6 min to collaboratively interact with ChatGPT to develop their
initial creative ideas. During this phase, participants’ personal computer was set up
in a split-screen layout with the ChatGPT-4 window open on one side and the web
browser open on the other side for participants to access their initial creative ideas
and take notes. Participants were told to give ChatGPT clear, detailed prompts and
context to get the best responses from it. In addition, participants were told to interact
with ChatGPT as a brainstorming and feedback partner rather than as a provider of
final answers, and to think critically about and evaluate ChatGPT’s suggestions. To
guide their collaborative interactions with ChatGPT, participants received sample
prompts presented in their web browser window for illustration, although they were
also allowed to use their own prompts. Finally, in Phase 3, participants were given
3 min to review their notes from Phase 2, and to independently refine and submit their
best creative idea to improve the stuffed bunny.

Post-Intervention Stage

After the product improvement task, all participants completed the post-intervention
questionnaire. The general-Al and regulated-Al groups were also asked to submit the
URL link of their ChatGPT conversation for further analysis.

Next, participants were given 12 min to solve a product invention task—they pro-
posed their best creative idea for a new game that helps adults and university students
learn basic foreign language vocabulary for everyday life in a fun and effective way.
All participants solved this task independently (i.e., without any access to ChatGPT
or the sample prompts that had been presented to the regulated-Al group during the
intervention). Finally, they completed the post-experiment questionnaire, reported
their demographic information, and were debriefed and thanked.
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Scoring Procedure

Two trained experts independently scored all (100%) of the 196 scripts blind to
experimental condition. Both experts were well-experienced in scoring diverse cre-
ative tasks.

Baseline Creativity Measure

Participants’ AUT responses were scored on fluency and flexibility (Guilford, 1967a),
where fluency referred to the number of uses that participants proposed for a car tire,
and flexibility referred to the number of unique conceptual categories of proposed
uses. For the scoring of flexibility, we adapted George and Wiley’s (2020) 16 broad
categories of uses for a car tire (e.g., “clothes/fashion/jewelry”, “exercise/training/
sports”, “vehicle-related”; available in Appendix C). Participants’ flexibility score
was computed as the number of unique categories that their ideas spanned, with a
maximum possible score of 16. Interrater reliability was high for both fluency and
flexibility, absolute agreement intraclass correlations (ICCs)=.996 and .987, 95% CI
[.994, .997] and [.983, .990], respectively, based on a two-way random-effects model.
Discrepancies between both raters were subsequently reviewed and resolved to yield

100% agreement.
Intervention and Post-Intervention Creative Tasks

Following extant scoring procedures (Lee & Chung, 2024; McMahon et al., 2016;
Urban et al., 2024), participants’ solutions on the product improvement task and
product invention task were scored on three dimensions: originality, usefulness, and
elaboration. Originality refers to the uniqueness of an idea; usefulness refers to how
well an idea fulfils the task goals (i.c., in the product improvement task, to make the
stuffed bunny more fun to play with and increase sales; in the product invention task,
to create a fun and effective game for learning basic foreign language vocabulary
for everyday life); elaboration refers to how detailed an idea is. Each dimension
was scored on a scale from 1 (not original/useful/elaborate at all) to 7 (extremely
original/useful/elaborate).

Originality and usefulness collectively served as measures of participants’ creative
task performance, in line with the standard bipartite definition of creativity (Runco &
Jaeger, 2012) as requiring both originality (or novelty) and usefulness (or effective-
ness). On the other hand, some degree of elaboration is likely needed to elucidate
an idea’s originality and/or usefulness (Dumas et al., 2021; Gonthier & Besangon,
2024), although a more elaborate idea is not necessarily more creative. Hence, par-
ticipants’ responses were scored for elaboration to ascertain that any differences in
creativity—originality and usefulness—across groups were not unduly confounded
by more detailed responses in any particular group (Forthmann et al., 2019).

Based on Amabile’s (1982) Consensual Assessment Technique (CAT), a creative
product can be evaluated based on consensual criteria in relation to a pool of
products. That is, experts with domain experience can reliably recognize creativity
and independently arrive at a reasonable level of agreement in their subjective
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assessments of creativity, even when explicit criteria are not imposed (Amabile, 1982).
Indeed, the CAT has been considered the “gold standard” of creativity assessment
(Baer & Kaufman, 2019; Cseh & Jeffries, 2019; Jeffries, 2024). Following the CAT,
the expert raters viewed all participants’ responses in a different randomized order,
then independently rated each response relative to the pool of responses rather than
against some absolute standard. The experts were encouraged to make use of the
full range of the 7-point scale for each rating dimension. Sample responses for the
product improvement task and product invention task are presented in Appendices D
and E, respectively.

On the product improvement task, the experts demonstrated excellent internal
consistency in their ratings of originality, usefulness, and elaboration, consistency
ICCs=.958, .968, and .991, 95% CI [.945, .969], [.958, .976], and [.989, .994],
respectively, based on a two-way random-effects model. Likewise, on the product
invention task, internal consistency was excellent across the experts’ ratings of orig-
inality, usefulness, and elaboration, consistency ICCs=.965, .953, and .984, 95%
CI[.953, .973], [.938, .964], and [.979, .988], respectively. Hence, on both creative
tasks, mean originality, usefulness, and elaboration ratings were computed by averag-
ing both experts’ ratings. These mean ratings were then used in subsequent analyses.

ChatGPT Interactions

To examine how the general-Al and regulated-Al groups used ChatGPT during the
intervention, their conversation transcripts were first coded for the total number of
prompts (i.e., the number of times that participants prompted ChatGPT in a back-
and-forth exchange), with more prompts reflecting more turn-taking with ChatGPT.
Participants’ prompts were then classified as either collaborative or non-collabora-
tive (see samples in Table 2). Discrepancies between both raters were reviewed and
resolved to yield 100% agreement.

Collaborative prompts were prompts that improved, developed, and evaluated
ideas with ChatGPT, in line with the sample prompts in the regulated-Al condition.
Participants used three main subtypes of collaborative prompts: (a) “improve own
initial ideas” (i.e., prompts providing one’s initial ideas, then seeking refinements
and feedback from ChatGPT), (b) “develop selected ideas” (i.c., prompts devel-
oping selected ideas with ChatGPT, such as elaborating on ideas, connecting and
combining ideas, identifying weaknesses, and refining ideas based on feedback), and
(¢) “evaluate ideas” (i.c., prompts comparing and evaluating ideas with ChatGPT).
Interrater reliability was high in scoring the number of each collaborative prompt
subtype that participants used, absolute agreement ICCs=.971, .901, and .861, 95%
CI[.960, .980], [.864, .929], and [.809, .900], respectively.

All other prompts were classified as non-collaborative prompts, comprising three
main subtypes: (a) “request ideas” (i.e., prompts directly asking ChatGPT for the
problem solutions without providing one’s own ideas), (b) “gather information”
(i.e., prompts using ChatGPT as an information resource, similar to Google and
Wikipedia), and (¢) “miscellaneous” (i.e., other non-collaborative prompts such as
asking ChatGPT to rephrase its output). Interrater reliability was high in scoring the
number of each non-collaborative prompt subtype that participants used, absolute
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Table 2 Prompt types and sample prompts during intervention

Prompt Type

Description

Sample Prompts from Participants

Collaborative

prompts
Improve own

initial ideas

Develop se-
lected ideas

Evaluate ideas

Non-collaborative
prompts

Seek initial
refinements
and feedback

Seek more
ideas and
refinements

Elaborate on
promising
ideas

Connect and
combine ideas

Identify
weaknesses in
ideas

Refine select-
ed ideas and
iterate based
on feedback

Compare and
evaluate ideas

“Hi, I need help to come up with an original and useful idea to
improve an ordinary stuffed bunny. Some of my initial ideas are
adding a LLM into the bunny that can remember and develop a
relationship with the bunny, stuffing a flashlight into the bunny,
using it as some sort of sleeping aid, making it turn into a hat with
good UV protection. Please help me to refine these ideas, pick the
best one, or even suggest something different! Thank you.”

“I need to come up with an original and useful idea to improve an
ordinary stuffed bunny. My ideas are to launch DIY outfits for the
bunny and that people can submit their original outfits to a com-
petition and whoever wins will have a new line of bunnies named
after them. What can I change or add to make the ideas better?”

“How can we further improve the idea of magnetic accessories
and changeable expressions to make them even more original and
useful?”

“How else can my idea on voice activation controls for the bunny
be improved?”

“I like the idea of incorporating AR. Could you explain more on
this?”

“I like your idea of temperature responsive material! Do you
think it can be useful as well in monitoring the child’s health, like
when they get a fever and can subsequently notify the parents by
getting lighted up in warning colors or via mobile app? Can you
expand on this?”

“Is there any way we could combine the idea of extendable ears
with being able to flatten the body of the bunny? I don’t want it to
just be bouncy.”

“I like the story integration idea. Some of my other ideas were
also to have the bunny be weighted, scented, have a Siri-like
voice assistant, etc. How can I combine all of these ideas into a
single creative concept”

“What’s missing from my bunny idea? How can it be improved to
be more original and useful?”
“Is it viable for mass production”

“Here’s the updated changes: increased security for the

chair+ customizable settings and adjustable from the app, any-
thing to add on for surveillance bunny?”

“How about we focus on something unique which is the voice
modulation, the rabbit will have emotive responses which
includes image recognition and touch response, voice response
etc., and then the main focus will be the voice modulation which
is animal-like voice, (human language will not be focused as it
might scare the audience due to fear of Al/robots). Voice modula-
tion will be set up in an application (allow customization features
of what the bunny will sound ‘Nyu’ or ‘Myu’ with different
intonations). How about this?”

“Which of these ideas do you think is the most creative”

“Which idea is better in the future world, can earn high profit and
become a new trend”
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Table 2 (continued)

Prompt Type Description Sample Prompts from Participants
Request ideas Directly ask ~ “Object: Stuffed bunny, 30 cm size
ChatGPT I want you to give me 10 very unique ways I can improve this
for solutions  object such that it becomes more fun to play with”
without pro-  “Give me more unique ideas which haven’t been done before”
viding one’s
own ideas
Gather Use ChatGPT “Why do people buy things”
information as an informa- “Example of stretchy materials as stuffing”
tion resource
Miscellaneous ~ Other non- “Write in simple and short English”
collaborative ~ “Nono write as an idea with all the different elements”
prompts

agreement ICCs=.956, .878, and .776, 95% CI [.939, .969], [.832, .912], and [.698,
.836], respectively.'

Results

Preliminary analyses were first conducted to ascertain the equivalence of the three
learning groups in their: (a) baseline creative performance on the AUT, and (b) prior
experience using ChatGPT.

Next, the main confirmatory analyses focused on the primary outcomes of: (a)
participants’ creativity on both creative tasks (product improvement vs. product
invention), as assessed via the originality and usefulness of their solutions, (b) the
elaboration of participants’ solutions in both creative tasks to ascertain that any dif-
ferences in creativity were not merely due to more detailed responses in any particu-
lar group, and (c) the general-Al and regulated-Al groups’ use of collaborative versus
non-collaborative prompts when interacting with ChatGPT during the intervention.

Finally, exploratory analyses focused on participants’ ratings on the post-interven-
tion and post-experiment questionnaires relating to the exploratory outcomes of: (a)
self-assessed creative task performance, (b) subjective creative problem-solving expe-
rience, (c) creative self-efficacy, and (d) metacognition in creative problem-solving.

Preliminary Analyses
Baseline Creativity Measure
One-way between-subjects analyses of variance (ANOVAs) were conducted to

ascertain that the three learning groups did not differ in their baseline creative per-
formance on the AUT. Indeed, there were no significant differences in the learning

! The subsequent analyses of participants’ frequency of using collaborative versus non-collaborative
prompt subtypes were based on the total number of instances that they used each prompt subtype. Cor-
respondingly, interrater reliability was assessed using ICC based directly on these total frequency scores
(as opposed to the classification of each prompt under a particular subtype).
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groups’ fluency scores, F(2, 193)=0.30, p=.74, n* = 0.003, and flexibility scores,
F(2,193)=0.32, p=.73, * = 0.003. Means and standard deviations are presented in
Table 3.

Prior Experience Using ChatGPT

To ascertain that the three learning groups did not differ in their prior experience
using ChatGPT, their self-reported experience on the post-experiment questionnaire
was analyzed. A chi-square test revealed that there was no significant difference in
the distribution of frequencies for participants’ self-reported prior experience using
ChatGPT, ¥*(10, N=196)=8.35, p=.60. Table 4 displays the frequency counts and
percentage values for each learning group.

Table 3 Means and standard deviations for baseline creativity measure, post-intervention questionnaire,
and post-experiment questionnaire

Variables Human-Only  General-Al Regulated-Al
M SD M SD M SD

Baseline creativity measure

Fluency 548 268 552 248 578  1.99
Flexibility 4.11 1.44 407 1.61 428 157
Post-intervention questionnaire
Self-assessed originality 4.73 1.28  4.15 1.18  4.45 1.16
Self-assessed usefulness 5.30 1.05 533 098 531 1.06
Interesting 5.30 1.31 5.45 1.15 5.72 1.07
Motivated 5.17 122 537 119 560 1.09
Mental effort 491 1.57 431 1.44  5.03 1.22
Mentally exhausted 3.41 1.66  3.03 1.54 338 1.54
Task difficulty 389 174 330 146  3.68 1.59
Creative self-efficacy 4.59 1.19 451 147  4.63 1.13
Creative self-efficacy without ChatGPT 4.31 1.84 431 1.55
Metacognition 5.14 093 4.88 096  5.15 0.69
Perceived collaboration with ChatGPT 4.13 1.57  4.67 1.38
Reliance on ChatGPT 4.30 1.41 3.57 1.20
Usefulness of ChatGPT 5.81 1.21 6.08  0.92
Post-experiment questionnaire
Self-assessed originality 5.11 1.25 5.09 1.28  4.71 1.47
Self-assessed usefulness 5.48 1.14 537 092 540 1.07
Interesting 5.67 124 596 1.08 543 1.20
Motivated 544 125 582 111 534 1.20
Mental effort 5.33 1.40 543 120 548 1.11
Mentally exhausted 4.02 1.99 3.5 1.69  4.15 1.62
Task difficulty 439 169 415 1.57  4.45 1.59
Applied learning from product improvement task ~ 4.14 1.88  3.79 1.70  4.14 1.51
Metacognition 530 094 530 092 5.23 0.75

N = 196. Ratings on the post-intervention questionnaire pertained to the product improvement task
during the intervention, whereas ratings on the post-experiment questionnaire pertained to the product
invention task after the intervention. The following variables on the post-intervention questionnaire
were not applicable to the human-only group: creative self-efficacy without ChatGPT, perceived
collaboration with ChatGPT, reliance on ChatGPT, and usefulness of ChatGPT
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Table 4 Frequency counts and percentages of participants’ prior ChatGPT experience

Prior ChatGPT Experience Human-Only General-Al Regulated-Al
(n=64) (n=67) (n=65)

“I do not know ChatGPT” 0 (0%) 0 (0%) 0 (0%)

“I heard about ChatGPT, but I have notused 0 (0%) 1 (2%) 0 (0%)

it yet”

“I have only used ChatGPT once” 1 (2%) 2 (3%) 1 (2%)

“I have used ChatGPT several times, but1do 8 (13%) 10 (15%) 7 (11%)

not use it regularly”

“I use ChatGPT several times a month” 8 (13%) 12 (18%) 18 (28%)

“T use ChatGPT several times a week” 23 (36%) 23 (34%) 22 (34%)

“T use ChatGPT daily” 24 (38%) 19 (28%) 17 (26%)

Main Analyses
Creativity

To analyze participants’ creativity during and after the intervention, we compared the
originality and usefulness of their solutions on the product improvement task versus
product invention task. The Bonferroni correction was applied to control for multiple
pairwise comparisons.

Originality on Creative Tasks A 3 (Learning Group) X 2 (Creative Task) mixed
ANOVA with participants’ originality scores as the dependent variable revealed a
significant interaction, F(2, 193)=13.80, p<.001, yp2 = (.13, which we decomposed
by examining the simple effects (see Fig. 2A). On the product improvement task
during the intervention, the general-Al (M=4.08, SD=1.22) group produced more
original solutions than both the human-only (M=3.06, SD=1.37) and regulated-Al
(M=3.30, SD=1.30) groups, p<.001 and p=.002, d=0.79 and —0.62, respectively.
However, the regulated-Al group did not differ from the human-only group in their
originality during the intervention, p=.90, d=0.18.

Strikingly, this pattern reversed on the product invention task after the interven-
tion, whereby the regulated-Al (M=3.42, SD=1.63) group produced more original
solutions than both the human-only (M=2.63, SD=1.45) and general-Al (M=2.69,
SD=1.44) groups, p=.009 and .017, d=0.52 and 0.48, respectively. In contrast, the
general-Al group did not differ from the human-only group in their originality after
the intervention, p=1.00, d=0.04.

At the same time, both the human-only and general-Al groups declined in their
originality from the product improvement task to the relatively more complex product
invention task, p=.039 and p<.001, d = —0.31 and —1.05, respectively. Conversely,
the regulated-Al group sustained their originality across both tasks, p=.56, d=0.08.

Usefulness on Creative Tasks Likewise, a 3 (Learning Group) x 2 (Creative Task)
mixed ANOVA with participants’ usefulness scores as the dependent variable
revealed a significant interaction, (2, 193)=11.08, p<.001, ypz =0.10 (see Fig. 2B).
On the product improvement task during the intervention, the general-Al (M=4.29,
SD=1.05) group produced more useful solutions than both the human-only (M=3.79,
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Fig. 2 Originality, usefulness, and elaboration scores on creative problem-solving tasks. Note. (A), (B), and (C)
show the mean originality, usefulness, and elaboration scores, respectively. The general-Al group produced more
creative—original and useful—solutions than the human-only and regulated-Al groups when assisted by ChatGPT
during the intervention, but failed to sustain this creative advantage after the intervention when unassisted by Chat-
GPT. In contrast, the regulated-Al group showed learning gains in outperforming both the human-only and general-
Al groups on independent creativity after the intervention. Error bars indicate standard errors
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SD=1.27) and regulated-Al (M=3.63, SD=1.16) groups, p=.042 and .004, d=0.43
and —0.60, respectively. Conversely, the regulated-Al group did not significantly dif-
fer from the human-only group in their usefulness scores during the intervention,
p=1.00,d=-0.13.

Yet, the critical finding once again was that this pattern reversed on the prod-
uct invention task after the intervention. Specifically, the regulated-Al (M=4.39,
SD=1.22) group now produced more useful solutions than both the human-only
(M=3.77, SD=1.23) and general-Al (M=3.81, SD=1.20) groups, p=.013 and .021,
d=0.50 and 0.48, respectively. In contrast, the general-Al group did not differ from
the human-only group in their usefulness scores after the intervention, p=1.00,
d=0.03.

Comparisons of each group’s usefulness scores on both creative tasks showed that
the human-only group maintained their performance during and after the interven-
tion, p=.90, d = —0.02, and the general-Al group’s usefulness scores declined on the
product invention task, p=.01, d = —0.43, whereas the regulated-Al group showed
gains, p<.001, d=0.63.

Elaboration in Creative Tasks

To ascertain that the observed differences in the learning groups’ creativity—original-
ity and usefulness—were not simply due to more elaborate responses in any particu-
lar group, we analyzed participants’ elaboration scores across both creative tasks. A 3
(Learning Group) x 2 (Creative Task) mixed ANOVA with participants’ elaboration
scores as the dependent variable revealed a significant interaction, (2, 193)=21.82,
p<.001, yp2 =0.18, albeit with a different pattern from their originality and usefulness
scores (see Fig. 2C). On the product improvement task during the intervention, the
regulated-Al (M=2.98, SD=1.79) group produced less elaborate solutions than both
the human-only (M=4.42, SD=1.77) and general-Al (M=4.83, SD=1.48) groups,
both ps<.001, d=—0.81 and —1.13, respectively. The latter two groups did not differ,
p=.51,d=0.25.

In contrast, on the product invention task after the intervention, the regulated-Al
(M=4.58, SD=1.24) group’s solutions did not differ in elaboration from those of the
human-only (M=4.40, SD=1.58) and general-Al (M=4.56, SD=1.33) groups, both
ps=1.00, d=0.13 and 0.01, respectively. Neither did the latter two groups differ,
p=1.00, d=0.11. Thus, the regulated-Al group’s superior creativity could not have
been due to any differences in elaboration (e.g., producing more detailed responses).

Comparisons of each group’s elaboration scores on both creative tasks showed
that the human-only and general-Al groups maintained their performance across
tasks, p=.92 and .21, d=-0.01 and —0.19, respectively. Conversely, the regulated-Al
group produced more elaborate solutions after than during the intervention, p<.001,
d=1.04.

ChatGPT Interactions

To compare how the general-Al and regulated-Al groups interacted with ChatGPT
during the intervention, independent samples #-tests were conducted to analyze the
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frequency of prompt types that they used. In instances where Levene’s test for equal-
ity of variances was violated, the adjusted degrees of freedom are reported below;
in instances where data were found to be skewed, nonparametric tests were applied.
Table 5 displays the means and standard deviations for each prompt type, as well as
the frequency that participants used each prompt type as a percentage of their total
prompts.

Total Prompts The general-Al and regulated-Al groups did not significantly differ
in the total number of prompts that they used, #102.55) = —1.08, p=.28, d = —0.18.
Thus, it is unlikely that the differences in both groups’ creative task performance
were due to more or less frequent turn-taking with ChatGPT during the intervention.

Collaborative Prompts As predicted, the regulated-Al group used significantly more
collaborative prompts than the general-Al group, #(130)=8.28, p<.001, d=1.44.
Whereas only 29.1% of the general-Al group’s prompts were collaborative in nature,
collaborative prompts formed the majority (88.6%) of the regulated-Al group’s
total prompts, with most belonging to the “improve own initial ideas” (40.5%) and
“develop selected ideas” (41.4%) subtypes.

Further analyses of the three collaborative prompt subtypes showed that: Relative
to the general-Al group, the regulated-Al group used more “improve own initial
ideas” prompts, #(130)=11.90, p<.001, d=2.06, and “develop selected ideas”
prompts, #(130)=2.69, p=.008, d=0.47. Both groups used relatively few “evaluate
ideas” prompts, with none in the general-Al condition; “evaluate ideas” prompt
scores were nonnormally distributed with skewness of 2.74 (SE=0.21) and kurtosis
of 7.09 (SE=0.42). Thus, nonparametric bootstrapping with 10,000 samples was
applied to robustly estimate the standard error and 95% bias-corrected and accelerated
confidence interval (BCa CI) for the mean difference between both groups. The
regulated-Al group used more “evaluate ideas” prompts than the general-Al group,
M gigierence = 0.26, bootstrap SE=0.06, 95% BCa CI [0.16, 0.38].

Table 5 Means, percentages, Prompt Type General-Al Regulated-Al
and standard deviations for M SD M SD
prompt types in general-Al and (Percentage) (Percentage)
regulated-Al conditions

Total prompts 4.10 (100%) 2.64 3.71(100%) 1.43

Collaborative prompts  1.30 (29.1%) 1.31 3.20 (88.6%) 1.33
Improve own initial  0.24 (7.9%) 0.50 1.29 (40.5%) 0.52

ideas

Develop selected 1.06 (21.2%) 129 1.65(41.4%) 1.22

ideas
The general-Al group did Evaluate ideas 0.00 (0%) 0.00 0.26 (6.7%) 0.48
not use any “evaluate ideas” Non-collaborative 2.81(70.9%) 194 0.51 (11.4%) 0.92
prompts. Percentage (%) values  prompts
represent the frequency that Request ideas 221(59.6%) 149 020 (4.8%) 0.51
participants used each prompt Gather information ~ 0.18 (5.0%)  0.52  0.15(3.6%)  0.62
type as a percentage of their

Miscellaneous 0.42 (6.3%) 0.86 0.15(3.0%) 0.44

total prompts
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Non-Collaborative Prompts In contrast, the general-Al group used more non-collab-
orative prompts than the regulated-Al group, #(94.92) = —8.74, p<.001, d = —1.51.
Whereas non-collaborative prompts formed only 11.4% of the regulated-Al group’s
total prompts, 70.9% of the general-Al group’s prompts were non-collaborative in
nature, with most (59.6%) belonging to the “request ideas” subtype.

Further analyses of the three non-collaborative prompt subtypes revealed that
the general-Al group used more “request ideas” prompts than the regulated-Al
group, #(81.39) = —10.42, p<.001, d = —1.80. “Gather information” and “miscel-
laneous” prompt scores were nonnormally distributed with skewness of 4.31 and
2.89 (SE=0.21), and kurtosis of 21.32 and 9.16 (SE=0.42), respectively. Hence,
nonparametric bootstrapping with 10,000 samples was applied, indicating that both
groups did not differ in their number of “gather information” prompts used, M 4ierence
= —0.03, bootstrap SE=0.10, 95% BCa CI [-0.21, 0.18], but that the general-Al
group used more “miscellaneous” prompts than the regulated-Al group, Myigerence =
—0.26, bootstrap SE=0.12, 95% BCa CI [-0.52, —0.04].

ChatGPT Interactions and Post-Intervention Creativity

Correlations Correlational analyses examined whether the frequencies of each
prompt (sub)type that both Al groups used during the intervention were associated
with their subsequent independent creativity (i.e., originality and usefulness scores)
on the product invention task. Table 6 displays the correlation matrix.

Post-intervention originality scores significantly and positively correlated with
the number of collaborative prompts that participants used when interacting with
ChatGPT during the intervention, #(130)=.22, p=.01, although this relationship
was driven mainly by the “improve own initial ideas” prompt subtype, #(130)=.30,
p=.001. The “develop selected ideas” and “evaluate ideas” prompt subtypes were
not significantly associated with post-intervention originality scores, #(130)=.12 and
—.05, p=.16 and .61, respectively.

In addition, post-intervention originality scores significantly and negatively cor-
related with the number of non-collaborative prompts that participants used during
the intervention, 7(130)=—.17, p=.049. This relationship was driven mainly by the
“gather information” prompt subtype, 7(130)=—.17, p=.049; the “request ideas” and
“miscellaneous” prompt subtypes were not significantly associated with post-inter-
vention originality scores, 7(130)=—.10 and —.12, p=.26 and .18, respectively.

Post-intervention usefulness scores significantly and positively correlated only
with the number of “improve own initial ideas” prompts that participants used during
the intervention, 7(130)=.21, p=.019. None of the other prompt subtypes were sig-
nificantly associated with usefulness scores on the product invention task, all ps>.05.

Mediation Analyses Overall, the preceding results showed that the regulated-Al
group outperformed the general-Al group in independent human creativity after the
intervention. Furthermore, process analyses of both groups’ interactions with Chat-
GPT during the intervention showed that the regulated-Al group used more collab-
orative prompts than the general-Al group. Crucially, only the “improve own initial
ideas” prompt subtype was significantly associated with creativity—both originality
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and usefulness scores—on the product invention task. This pattern did not occur for
all other prompt subtypes. Indeed, the “improve own initial ideas” prompt subtype
formed 40.5% of the regulated-Al group’s total prompts, but only 7.9% of the gen-
eral-Al group’s total prompts.

Hence, regression analyses were conducted to test whether the regulated-Al
group’s greater use of “improve own initial ideas” prompts during the intervention
mediated their creative advantage over the general-Al group after the intervention.
A percentile bootstrap estimation approach with 10,000 samples was used in Model
4 of Hayes’s (2013) PROCESS macro. Figure 3 depicts the results of the mediation
analyses. With the number of “improve own initial ideas” prompts as the mediator,
the indirect effect of learning method was significant for originality on the product
invention task, 0.61, 95% CI [0.12, 1.19] (see Fig. 3A), and non-significant for use-
fulness on the product invention task, 0.13, 95% CI [-0.27, 0.62] (see Fig. 3B). Thus,
the regulated-Al group engaged in more collaborative interactions with ChatGPT

A “Improve Own
Initial Ideas”
Prompts During
Intervention

a=1.05,
[0.88, 1.23]

b=0.58,
[0.06, 1.10]

Indirect effect ab = 0.61, [0.12, 1.19]

1 = regulated-Al)

a=1.05,
[0.88, 1.23]

Learning
Method

“Improve Own
Initial Ideas”
Prompts During
Intervention

Indirect effect ab = 0.13, [-0.27, 0.62]

¢'=0.44, [-0.16, 1.05]

Learning Independent
Method ¢'=0.13, [-0.63, 0.88] Originality on
(0 = general-Al, c=0.74,[0.21, 1.27] Product

Invention Task

b=0.13,
[-0.29, 0.54]

Independent
Usefulness on

(0 = general-Al,
1 = regulated-Al)

¢ =0.58,[0.16, 1.00]

Product

Invention Task

Fig.3 Results of mediation analyses. Note. (A) and (B) depict the mediation models with post-intervention
originality and usefulness scores as the dependent variable, respectively. Unstandardized regression coef-
ficients are presented for each path. The ¢’ path coefficients represent the direct effects, whereas the ¢ path
coefficients represent the total effects. Values in brackets represent the 95% confidence intervals for the
regression coefficients using a percentile bootstrap estimation approach with 10,000 samples
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aimed specifically at improving their own initial ideas, in turn mediating their supe-
rior independent originality over the general-Al group after the intervention.

Exploratory Analyses

For exploratory purposes, participants’ ratings on the post-intervention and post-
experiment questionnaires were analyzed to examine their self-assessed creative task
performance, subjective creative problem-solving experience, creative self-efficacy,
and metacognition. The Bonferroni correction was applied to control for multiple
pairwise comparisons. Means and standard deviations are presented in Table 3.

Self-Assessment of Creative Task Performance

On the product improvement task during the intervention, the three learning groups
significantly differed in their self-assessed originality, F(2, 193)=3.85, p=.023, *
= 0.04, but not their self-assessed usefulness, F(2, 193)=0.02, p=.98, 5> < 0.001.
In contrast to the expert raters’ evaluations, the general-Al group perceived their
solutions as less original than the human-only group, p=.018, d = —0.47, and just
as original as the regulated-Al group, p=.48, d=0.26. The latter two groups did not
significantly differ in their self-assessed originality on the product improvement task,
p=.53,d=-0.23.

On the product invention task after the intervention, the three learning groups
neither differed in their self-assessed originality, F(2, 193)=1.88, p=.16, * = 0.02,
nor self-assessed usefulness, F(2, 193)=0.20, p=.82, 5> = 0.002. Thus, participants’
self-evaluations of their creative task performance were at odds with the expert rat-
ers’ evaluations on overall.

Subjective Creative Problem-Solving Experience

On the product improvement task, there were no significant differences in how inter-
esting the three learning groups found the task, F(2, 193)=2.18, p=.12, 5* = 0.02,
how motivated they felt to complete the task, F(2, 193)=2.18, p=.12, 5* = 0.02, how
mentally exhausted they felt after solving the task, F(2, 193)=1.19, p=.31, 5*=0.01,
and how difficult they found the task, F(2, 193)=2.32, p=.10, 5> = 0.02. However,
the groups differed in the amount of mental effort that they reported investing in the
task, F(2, 193)=4.84, p=.01, #*> = 0.05. Specifically, the general-AI group reported
less mental effort than the regulated-Al group, p=.012, d=0.54. The human-only
group did not significantly differ from the general-Al and regulated-Al groups in
their self-reported mental effort on the product improvement task, p=.053 and 1.00,
d =—0.40 and 0.09, respectively.

On the product invention task, there were no significant differences in how moti-
vated the three learning groups felt to complete the task, F(2, 193)=3.05, p=.050, 5>
= 0.03, how much mental effort they reported investing in the task, F(2, 193)=0.25,
p=.78, y* = 0.003, how mentally exhausted they felt after solving the task, F(2,
193)=0.91, p=41, 5* = 0.01, how difficult they found the task, F(2, 193)=0.63,
p=.53, 7> = 0.01, and how much they perceived using what they had learned from
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the earlier intervention to complete the task, F(2, 193)=0.93, p=.40, *> = 0.01. How-
ever, the groups differed in how interesting they found the product invention task,
F(2,193)=3.32, p=.038, 5* = 0.03. Specifically, the general-Al group perceived the
task as more interesting than the regulated-Al group, p=.033, d = —0.46, but not the
human-only group, p=.50, d=0.25. The latter two groups did not significantly differ
in how interesting they found the product invention task, p=.73, d = —0.20.

Creative Self-Efficacy

After the intervention, the three learning groups did not significantly differ in their
creative self-efficacy in solving future similar tasks, F(2, 193)=0.16, p=.85, y* =
0.002. Neither did the general-Al and regulated-Al groups differ in their creative
self-efficacy in solving future similar tasks without ChatGPT, #130) = —0.02, p=.99,
d=0.

Metacognition in Creative Problem-Solving

There were no significant differences in the three learning groups’ self-reported meta-
cognition when solving the product improvement task during the intervention, F(2,
193)=1.98, p=.14, * = 0.02, and when solving the product invention task after the
intervention, F(2, 193)=0.14, p=.87, 5> = 0.001.

Subjective Experience Interacting with ChatGPT

The general-Al and regulated-Al groups did not differ in their perceived useful-
ness of ChatGPT for solving the product improvement task during the intervention,
#(123.29)=1.45, p=.15, d=0.25. Nonetheless, the regulated-Al group perceived
significantly higher collaboration with ChatGPT than the general-Al group,
#(130)=2.10, p=.037, d=0.37. In addition, the regulated-Al group reported lower
reliance on ChatGPT during the intervention than the general-Al group, #(130) =
—3.19, p=.002, d = —0.56. Thus, in line with the guided approach’s design to foster
co-creation with ChatGPT, the regulated-Al group expressed less agreement than the
general-Al group that their solution on the product improvement task had been gener-
ated entirely by external sources rather than themselves.

Discussion

The fundamental distinction between performance versus learning is crucial (Sod-
erstrom & Bjork, 2015), but has often been neglected in extant research on gen-
erative Al in education (Yan et al., 2025). Although using generative Al tools such
as ChatGPT can benefit creative performance on the assisted task (Lee & Chung,
2024; Urban et al., 2024), do these benefits persist when ChatGPT assistance is later
removed? The present findings reveal that the answer to this question hinges criti-
cally on how people use ChatGPT.
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When learners freely used ChatGPT to solve a creative product improvement
task, they produced more creative—original and useful—solutions than learners who
solved the task without ChatGPT assistance. Yet, this advantage was not sustained
for independent human creativity—when ChatGPT assistance was later removed on
a more complex, creative product invention task, the general-Al group’s creativity
declined to levels comparable to that of the human-only group. Thus, freely using
ChatGPT produced only transient performance boosts but not deeper learning gains.

Yet, a striking reversal occurred when learners used a guided approach to inter-
act with ChatGPT. Specifically, we developed a novel “think first, ChatGPT later”
approach that guided learners to first independently think of and generate their own
creative solutions, then collaborate with ChatGPT to improve, develop, and evalu-
ate their ideas. Despite a lack of immediate performance gains on the assisted task,
the regulated-Al group outperformed both the human-only and general-Al groups
in independent creativity when ChatGPT assistance was later removed. Moreover,
whereas the human-only and general-Al groups’ originality declined on the more
complex product invention task, the regulated-Al group sustained their originality
and even improved in the usefulness of their solutions.

These findings align with the notion of “desirable difficulties”, whereby some
effective techniques induce difficulties that may degrade performance during initial
training or acquisition, but in fact yield deep learning from the beneficial cognitive
processes fostered when confronting and resolving difficulties (Bjork, 1994; Bjork &
Bjork, 2011). Thus, substantial learning can occur in the absence of any discernible
changes in performance (Soderstrom & Bjork, 2015).

Theoretical Implications

What beneficial processes did the regulated-Al group engage in that supported their
learning? Based on the present data, some potential explanations can be ruled out.
For one, it is unlikely that elaboration (i.e., producing more detailed responses)
accounted for the observed differences in creativity. The regulated-Al group pro-
duced less elaborate solutions during the intervention, likely because they had rela-
tively less time to write their best creative idea after having to first generate their own
ideas then interact with ChatGPT, whereas the human-only and general-Al groups
could freely write their best creative idea throughout the intervention. In addition,
the three learning groups did not differ in their elaboration on the subsequent product
invention task, yet the regulated-Al group’s solutions were more original and useful.
At the same time, the exploratory analyses revealed that the three groups did not
differ in their self-reported creative self-efficacy, motivation, mental exhaustion, and
perceived task difficulty during both creative tasks. Moreover, the general-Al group
perceived the product invention task as more interesting than the regulated-Al group,
yet performed less creatively. Thus, all these variables cannot explain the regulated-
Al group’s superior independent creativity, although some caution is warranted when
interpreting participants’ ratings of their subjective learning experience and pro-
cesses, given that these variables were measured via self-report and for exploratory
purposes only.
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Rather, process analyses of learners’ conversations with ChatGPT during the inter-
vention revealed that the majority (88.6%) of the regulated-Al group’s prompts were
collaborative in improving, developing, and evaluating ideas with ChatGPT, whereas
the majority (70.9%) of the general-Al group’s prompts were non-collaborative.
Notably, the regulated-Al group used more collaborative prompts aimed specifically
at improving their initial self-generated ideas, relative to the general-Al group. In
turn, greater engagement in improving one’s initial ideas with ChatGPT mediated the
advantage of the “think first, ChatGPT later” approach over freely interacting with
ChatGPT for learners’ independent originality later on.

Why did greater use of “improve own initial ideas” prompts with ChatGPT boost
independent human originality? Divergent thinking in exploring and generating mul-
tiple ideas is central to the creative process (Acar & Runco, 2019; Runco & Acar,
2012). Yet, the general-Al group often bypassed this divergent thinking process, out-
sourcing it to ChatGPT. Consistent with findings that people often default to a state
of “metacognitive laziness” when freely using ChatGPT (Fan et al., 2025), 59.6% of
the general-Al group’s prompts directly asked ChatGPT to generate ideas to solve
the task without providing their own ideas, whereas only 7.9% of their prompts were
aimed at improving their own ideas. Unsurprisingly, the general-Al group reported
less mental effort during the intervention than the regulated-Al group. In all, the
general-Al group tended to immediately dictate ChatGPT to produce the solutions
without first attempting to think about them, thus robbing themselves of a valuable
learning opportunity.

In contrast, the regulated-Al group first generated their own ideas then collaborated
with ChatGPT to improve and develop them. This approach could have enhanced
their deep learning by orienting them toward the cognitive processes needed specifi-
cally for producing more original ideas. For instance, the regulated-Al group could
have honed their divergent thinking skills when first brainstorming their own ideas.
Further, when improving their self-generated ideas with ChatGPT’s feedback, the
regulated-Al group could have learned how their initial ideas could be transformed
into the next evolutionary form (e.g., from a stuffed bunny to a virtual bunny in
a fully immersive digital environment) by “digging deeper”, and learning how to
make new associations between seemingly unrelated ideas by “digging elsewhere”
(Ritter & Mostert, 2017). It is also possible that the regulated-Al group learned how
to apply and/or self-regulate more deliberate, strategic approaches to solve creative
problems (Gilhooly et al., 2007; Rubenstein et al., 2018) through the scaffolding pro-
vided via the sample prompts. In turn, learners’ independent originality could have
been enhanced when they transferred these learned skills and strategies to solve the
subsequent product invention task.

Although the regulated-Al group also independently produced more useful solu-
tions than the general-Al group, this advantage was not significantly mediated by
greater use of “improve own initial ideas” prompts during the intervention. Whereas
developing an original solution draws on divergent thinking, ensuring that this solu-
tion is useful also requires convergent thinking to assess its effectiveness (Cropley,
2006). Thus, to the extent that using more “improve own initial ideas” prompts
reflected more or deeper divergent thinking (e.g., when generating one’s own ideas
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before interacting with ChatGPT), this could then have mediated the regulated-Al
group’s advantage for independent originality but not necessarily usefulness. Given
that none of the other prompt subtypes were significantly associated with post-inter-
vention usefulness scores, further work is needed to probe the mechanisms beneath
the regulated-Al group’s more useful independent solutions. For instance, learners
may have benefited from a more productive interplay between divergent and con-
vergent thinking (e.g., when iteratively generating, developing, and evaluating their
ideas with ChatGPT) that may not have been fully captured by the separate prompt
subtypes alone.

At the same time, it should be noted that simply generating one’s own ideas dur-
ing the intervention did not suffice for learning gains. The human-only group inde-
pendently generated and developed all their ideas without any ChatGPT assistance,
yet performed more poorly than the regulated-Al group after the intervention when
required to invent a new product. Indeed, the human-only group declined in their
originality on this more complex task than when they simply improved an existing
product during the intervention. This suggests that collaborating with ChatGPT can
confer additional benefits for human creativity and learning, yielding redefinition
effects that surpass what humans can achieve alone without generative Al (Bauer et
al., 2025; Vinchon et al., 2023).

Practical Implications

Foreseeably, digitally mediated creative behavior will increase rather than recede in
the future (Ceh et al., 2024). Thus, it is vital to guide learners to interact effectively—
collaboratively—with generative Al tools such as ChatGPT for sustained learning
gains rather than transient performance boosts. Applied in educational contexts, the
present data offer support for a “think first, ChatGPT later” approach in enhancing
human learning and creativity. Specifically, learners should be guided to first inde-
pendently think of and generate their own solutions to a given creative problem,
then collaborate with ChatGPT to improve, develop, and evaluate their ideas. This
approach circumvents learners’ suboptimal tendencies to assume the role of an edi-
tor rather than a co-creator when spontaneously using ChatGPT (Boers et al., 2025;
Fan et al., 2025), while leveraging ChatGPT for learning gains beyond what learners
could otherwise achieve alone.

However, as this and other studies have revealed (Urban et al., 2024; Urban &
Urban, 2021), learners may have low metacognitive awareness in assessing their
creative products. Because inaccurate metacognitive monitoring can dampen
creative performance (Urban & Urban, 2025; see also Jaarsveld & van Leeuwen,
2005; Puente-Diaz, Cavazos-Arroyo, & Puerta-Sierra, 2021), it could be valuable to
support learners in developing their metacognition through feedback. For instance,
recent advances in automated techniques using semantic analysis to assess originality
enable real-time feedback to be delivered rapidly and efficiently during creative idea
generation, thus facilitating learners’ metacognition and creative performance (de
Chantal & Organisciak, 2025; see also Marrone et al., 2026).
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Limitations and Future Directions

Notwithstanding the initial promising evidence, more room remains to further
develop and refine the “think first, ChatGPT later” approach. For instance, the sample
prompts in the regulated-Al condition were presented purely for illustration purposes,
and were not engineered to produce the “best” output from ChatGPT. In future work,
prompt engineering (White et al., 2023; Zamfirescu-Pereira et al., 2023) could poten-
tially boost the effectiveness of learners’ prompts when collaborating with ChatGPT.
In addition, when independently generating their initial ideas, the regulated-Al group
was not explicitly guided to plan the implementation of these ideas (e.g., identify-
ing key causes, restrictions, consequences, implementation strategies, contingencies;
Mumford et al., 2001), as with both the human-only and general-Al groups. Because
training people’s planning skills can improve their creative thinking (Osburn &
Mumford, 2006), it could be fruitful to incorporate such elements in future iterations
of the “think first, ChatGPT later” approach. Likewise, supplementing this approach
with self-regulation prompts (e.g., uncertainty acceptance, emotion regulation and
dealing with obstacles, adjusting one’s problem-solving approach) may further boost
creativity (Zielinska et al., 2025), given that errors and failure are associated with cre-
ative insight (Sawyer, 2019) and improved learning outcomes (Wong & Lim, 2022a,
2022b), but may impose emotional costs that prevent effective learning from them
(Wong & Lim, 2019b).

An arising question relates to the extent that learners could reap similar learning
benefits for their creativity if they received the same guided approach and sample
prompts as the regulated-Al group during the intervention but did not interact with
ChatGPT. To address this question, future work could compare the regulated-Al
group with a “regulated-human” group that independently works through the sam-
ple prompts on their own during the intervention. On one hand, working alone to
systematically generate, improve, and develop one’s own ideas could push learn-
ers to produce more ideas for better learning gains in divergent thinking skills than
when collaborating with ChatGPT. For instance, human brainstorming groups have
often been observed to suffer a productivity loss where each member generates fewer
creative ideas on average when working with the group than when working alone,
presumably due to coordination losses during turn-taking among group members
(Nijstad, 2015; Paulus, 2000; Stroebe et al., 2010). On the other hand, groups can be
more creative than individuals in developing higher-quality ideas (McMahon et al.,
2016). Presumably, interacting with others could expose individuals to more diverse
ideas, which could stimulate knowledge activation and enrich the creative process for
better learning (Nijstad, 2015; Paulus, 2000). If so, learners may benefit more from
applying the guided approach with ChatGPT as a collaborator than alone. Disentan-
gling these prospects is an interesting avenue for future research.

Beyond creative problem-solving, the “think first, ChatGPT later” approach could
potentially be adapted to target other valued learning outcomes too. For instance,
learners may benefit from first attempting to generate their own solutions before col-
laborating with ChatGPT when learning and applying concepts (e.g., Giebl et al.,
2021; Wong, 2023; Yap & Wong, 2024), critically thinking and reasoning about infor-
mation (e.g., Wong, 2025; Wong & Lim, 2019a), and generating creative research
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questions (e.g., Lim et al., 2024; Wong et al., 2023; Wong & Lim, 2026). Testing the
generalizability of the “think first, ChatGPT later” approach across diverse learning
goals and with learners of varying levels of expertise (Imundo et al., 2024) would
enable insights on when and for whom this approach is effective.

More broadly, future work could examine how the “think first, ChatGPT later”
approach can be incorporated in Al literacy programs. Based on Allen and Kendeou’s
(2024) ED-AI Lit framework, Al literacy includes six components: knowledge (i.e.,
understanding how Al works), evaluation (i.e., being able to critically judge Al tech-
nologies), collaboration (i.c., skills in effectively communicating and collaborating
with Al), contextualization (i.c., understanding how to use Al as a tool in real-world
settings), autonomy (i.e., self-determination in actions and decision-making when
interacting with Al), and ethics (i.e., recognizing and addressing moral issues related
to Al technologies). Whereas the “think first, ChatGPT later” approach fosters the
collaboration skillset, implementing this approach in tandem with other components
of Al literacy could create a more holistic learning experience.

Conclusion

The present research cautions against freely using generative Al tools such as Chat-
GPT during creative problem-solving, for learners often fail to do so in ways that
enhance their learning, instead outsourcing the creative thinking process to the tool.
Although such use of ChatGPT increases creative performance on the assisted task at
first, this performance boost does not translate into learning gains later on, but rapidly
declines once ChatGPT assistance is removed. Thus, to truly reap learning gains that
enhance independent human thought and creativity, learners should first conceive
their own solutions to the problem, then collaboratively interact with ChatGPT to
improve, develop, and evaluate them. In all, generative Al is not to be a substitute for
human creativity but, when strategically harnessed, a powerful tool for enhancing it.

Appendix A: Intervention: Product Improvement Task Instructions

Task Overview for All Three Learning Groups.

Mattel is an American toy manufacturer. In terms of sales, it is the second largest
toy manufacturer in the world, right after the Lego Group. However, Mattel’s goal for
this year is to become the largest toy manufacturer in the world. Imagine you have
been hired by Mattel as a consultant.

Your task is to come up with your best creative idea to improve an ordinary stuffed
bunny, about 30 ¢cm in size, to make it more fun to play with.

A creative idea must meet two criteria—it must be both original AND useful.

How can the bunny be improved to help Mattel achieve higher sales?

Instructions for Human-Only (Control) Group.

Propose your ONE best creative idea to improve an ordinary stuffed bunny, about
30 cm in size, to make it more fun to play with.

Your creative idea should be both original AND useful.
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You have 12 min for this task—manage your time wisely.

Write your creative idea below, in as much detail as possible.

Instructions for General-Al Group.

With the assistance of ChatGPT, propose your ONE best creative idea to improve
an ordinary stuffed bunny, about 30 cm in size, to make it more fun to play with.

Your creative idea should be both original AND useful.

Use ChatGPT to assist you with this task in any way you like. To get the best
responses from ChatGPT, give it clear, detailed prompts and context.

You have 12 min for this task—manage your time wisely.

Write your creative idea below, in as much detail as possible.

Instructions for Regulated-Al Group.

In the next 12 min, propose your ONE best creative idea to improve an ordinary
stuffed bunny, about 30 cm in size, to make it more fun to play with.

Your creative idea should be both original AND useful.

You will be guided through 3 phases to complete this task. Please follow all
instructions carefully.

Phase 1.

For the next 3 min, generate a list of initial creative ideas to improve an ordinary
stuffed bunny, about 30 cm in size, to make it more fun to play with.

These ideas don’t need to be perfect—focus on originality AND usefulness. Think
freely, and don’t worry about refining them just yet. You will later be given time to
develop and select your best creative idea.

Write each of your initial creative ideas on a separate line.

Phase 2.

For the next 6 min, interact with ChatGPT to develop your initial creative ideas.
To get the best responses from ChatGPT, give it clear, detailed prompts and context.

***Important! ***.

e Use ChatGPT to brainstorm, get feedback, compare, and refine your initial ideas.

e Interact with ChatGPT—treat it like a brainstorming partner rather than a pro-
vider of final answers.

e Think critically about and evaluate ChatGPT’s suggestions. Ask yourself:

— Does ChatGPT’s feedback make my ideas better?
— Is it adding something new and/or useful?
— Do I prefer my initial ideas, or can I combine the merits of both parties’ ideas?

Below are some sample prompts for interacting with ChatGPT as a brainstorm-
ing and feedback partner. These are just for illustration—feel free to use your own
prompts that follow these principles.

e Ask for initial refinements and feedback: “I need to come up with an original and
useful idea to improve an ordinary stuffed bunny. My ideas are XXX and XXX.
What can I change or add to make the ideas better?”

o Ask for more ideas: “How else can we further improve the ideas to make them
even more original and useful?”’
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e FElaborate on new ideas that interest you: “I like your suggestion of XXX—can you
expand on it?”

o Compare your ideas: “Which of my ideas is/are more creative, and why?”

e Draw connections between ideas: “How can I combine these ideas to make a
single best creative concept?”

e Identify and improve weaknesses: “What's missing from my bunny idea? How
can it be improved to be more original and useful?”’

e Refine your idea based on ChatGPT’s suggestions, and ask for further feedback:
“Here's my updated idea: [describe changes]. What additional tweaks could we
make?”

You have 6 min for this task—manage your time wisely. Start with the ideas you
think have the best potential, but don’t fixate on just one!

Here are your initial ideas from Phase 1 earlier: [XXX].

For this phase, you don’t need to submit your final response yet, but you may take
notes below.

Phase 3.

Finally, you have 3 min to refine and submit your ONE best creative idea to
improve an ordinary stuffed bunny, about 30 cm in size, to make it more fun to play
with.

Based on your initial ideas and interaction with ChatGPT, decide which aspects
you want to keep, change, or add.

Your creative idea should be both original AND useful.

Write your creative idea below, in as much detail as possible.

Appendix B: Post-Intervention: Product Invention Task Instructions

Imagine you have been hired by a global educational company specializing in lan-
guage-learning games. Your task is to invent a new game that helps adults and univer-
sity students learn basic foreign language vocabulary for everyday life.

Based on the skills you have learned earlier in the Product Improvement Task:

e On your own, propose your ONE best creative idea that is both original AND
useful, making the game fun and effective for learning.

e Develop your idea into a full game design, including specific details (e.g., game
title, required materials, gameplay description).

You have 12 min to complete this task—manage your time wisely.
Write your creative idea below, in as much detail as possible.
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Appendix C: Alternate Uses Task: 16 Categories for Flexibility Scoring
(adapted from George & Wiley, 2020)

air use.

arts and crafts.
boundary/barricade.

buoyancy.
clothes/fashion/jewelry.
containing/storing/holding objects.
décor.

exercise/training/sports.
fun/games/entertainment.
furniture/house stuff.
holding/weighing down.
padding/protection/stabilization.
recycle/construction material.
tool.

vehicle-related.
weapons/harm/destruction.
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Appendix D

Table 7 Sample responses on product improvement task

Originality and Use- Sample Response
fulness Ratings

1 “Make it more plump and rounded so that it is more huggable and make its
skin smoother so that it feels nicer to touch. Give its eyes eyelashes so that it
looks more adorable and put a smile on its face so that users smile when look-
ing at it. Make its skin a light grey or brown so that it looks soft and inviting.
Make its ears very nice and long so that users can play with it.”

2 “Add a voice button to the bunny so that once the button is pressed, it will
generate some voice. The function is customized and programmable, which
means that users can record their own sounds. Users can use the bunny to
record bedtime stories and educational phrases for their kids, and also wishes
and encouragements to their friends.”

3 “The chosen creative idea is ‘Hoppy Harmony’ in which the stuffed bunny has
interactive movement where there are different modes like follow mode and
dance mode using motion sensors. The bunny also would have educational and
musical elements wherein the bunny can sing a variety of nursery rhymes and
educational songs for children to learn from.”

4 “The bunny can be made to have the ability of understanding and speaking
to the player. It can be implemented by using Al. Moreover, make the bunny
more ‘secret’ by adding hidden pockets to their ears or back so that kids can
discover hidden features in the toy. In addition, we can use heat-sensitive
fabric for the bunny’s fur so that when the child holds or pets the bunny, the
warmth of their hands will change the color of these patches. Furthermore, we
can use reversible design to make it turn into a different animal or character
when it is turned inside out, offering more fun and variety in play.”

5 “The augmented reality (AR) feature for the stuffed bunny transforms it into a
dynamic educational tool, bridging the physical and digital worlds for children.
By using a smartphone or tablet, kids can interact with their bunny through an
app that brings it to life in various virtual settings. For instance, when pointed
at the bunny, the app could overlay an animated environment where the bunny
guides children on virtual learning adventures, such as a safari in Africa or a
journey through the solar system. This AR experience could teach children
about animals, planets, historical events, and more, with interactive quizzes
and facts presented by their bunny companion. This immersive, engaging
approach not only makes learning more enjoyable but also deepens the child’s
connection to their toy, encouraging regular educational play sessions.”

6 “Add like an online component to the game, so they have a whole online
environment for their bunny to play in like Club Penguin. Each virtual bunny
will look like their real-world bunny equivalent. In the virtual world they can
build like rabbit houses together, and play minigames together, or just explore
the rabbit world together. So you can have a social component!

So there’s a physical component and a virtual component. Physically you can
buy lots of different attachments for the bunny. For example, you can buy dif-
ferent hats, and you can buy like crazy things like a car. The car can be maybe
magnetically attached to the bunny? Then it can be pushed around like a real
toy car! And when you have the car in real life you can also get a virtual ver-
sion of the car that would make you go faster in the virtual world.

You can also buy little houses/dioramas of the locations from the virtual world,
that are interactable. Let’s say if you have a rabbit jumping obstacle course in
the game. You can also buy it in real life and play with it.

Maybe we can have different animals as well so it’s like an animal world
instead of a bunny world. Then can vary the animals bought.”
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Table 7 (continued)

Originality and Use- Sample Response
fulness Ratings
7 “I plan to make a ‘scary-cute’ Terminator machine bunny. It has interactive

learning features like a speaker enhanced with Al so that it functions like Siri
and also helps with AR app integration. It has glowing red eyes and detachable
robotic arms and mini-tools for the adventure game, where kids can complete
missions with their bunny. The theme is ‘The Robotic Rebellion’:
Background: In this storyline, the bunny is a reformed robot from a rogue Al
faction. With the child’s help, it aims to prevent a rebellion led by other robots
who misinterpreted their instructions to take over the home.

Missions:

1. Infiltration Adventure

* Objective: Sneak into the virtual robot bases (mapped over the house rooms)
and gather intel.

* AR Feature: Transform rooms into high-tech fortresses using the camera,
where kids must avoid virtual lasers and traps.

2. Code Cracking

* Objective: Decrypt messages and codes to find out the location of the next
rebel meeting.

* AR Feature: Interactive code panels appear in AR, and kids use logical think-
ing to solve them.

3. Alliance Building

* Objective: Recruit other toys (through AR) by helping them understand the
miscommunication, turning them into allies.

* AR Feature: Kids can “scan” other toys in their home, which become charac-
ters in the game, offering quests or joining the cause.

Each of these plots offers a mix of adventure, technology, and learning, mak-
ing the AR experience immersive and educational. The overarching theme of
cooperation, technology management, and problem-solving not only entertains
but also educates in a playful environment.”
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Appendix E

Table 8 Sample responses on product invention task

Originality
and Usefulness
Ratings

Sample Response

1

“Game title: Get more food for the animal

There are several single-word and A—Z vocabulary cards on the ground, gameplay-
ers would be children who are learning English words. They are separated into two
groups. Each group needs to find a word or the combination of letters of a word, as
many as possible in a limited time. The word must be a kind of food eaten by an
animal. At last, the winner is the team which finds most food words. For every wrong
answer, the team members need to eat lemon.

Materials: Cards, playground, stopwatch, lemon.”

“Game title: Language Chef

Required materials: Colored pictures of new vocabulary, ChatGPT

Gameplay description: In this game, we will guide you to become a master language
chef who can cook many different language dishes. First, we will divide all of the
players into 2 teams: team A and team B. Then, we will show each of you some
vocabulary of this new language with their images in real life. In round 1, each team
will have members display the actions that represent the words that we have just
shown. In a total of 10 minutes, the team that guesses the most words will receive a
reward. In round 2, each team can use an Al chatbot (e.g., ChatGPT) to assist. The
organizers will give each team the description of the word in English, and then the
task for each team is finding the respective words.”

“Game Title: Monopoly for a daily-life version written in foreign language

Required materials: All the usual materials in the common Monopoly game.

In this game, every player is like the person who lives and works in this foreign place
... each unit in the monopoly can be some common actions in daily life written in the
foreign language, including having meals (breakfast, lunch, dinner), travelling and
trips, and renting/buying a house, which are all actions that need to spend money;
while working, doing part-time jobs and doing sports are some kinds of actions that
we can earn money... Each unit/activity in this map is all written in that foreign lan-
guage with pronunciation and introduction on it, and the player needs to say it aloud
and learn the actual spelling of it, which would be a good way for players to enjoy
and learn foreign language vocabulary.”

“Game title: Pictolingo

Required materials: An app with Al features for image recognition

Description: This game revolves around the user taking pictures of his/her sur-
roundings and then uploading it for the Al to recognize and generate the translation
in the new language, and from there generate more related topics for discussion...
For example, take photos of 4 items you use, take photos of 4 places you frequently
visit. From there, the user should take photos of whatever items are relevant. This
allows the user to have personalized learning as these are words that the individual
would most likely need or use, rather than irrelevant words purely generated by the
computer. This gives autonomy in learning and might motivate the user as well. Then,
after learning these words, it will be put in a game format, where the Al will show
pictures of the same objects uploaded by the user and the user has to correctly assign
the translation to the image.

Then, at higher levels, the Al can ask the user to find 4 pictures of [foreign word; for
example, chair in Korean]. This tests the user’s ability to apply. The Al can also take
relevant small details from the pictures to test users on related things like colors.”
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Table 8 (continued)

Originality
and Usefulness
Ratings

Sample Response

5

“Game title: VR simulation of real-life foreign language interactions.

Rationale: The biggest challenge in picking up a foreign language and even be close
to mastering it for use in one’s daily life is the lack of opportunities in real life to
practice the language.

Required materials: VR headset

Gameplay: Upon entering the VR game setting, players will be placed in a virtual
environment that closely mimics the city environment with shops, school etc. where
the characters can go on with their day-to-day life. Players can interact with the
NPCs just like how they would in real life, except the conversations will be in foreign
language. Initially, players can verbalize their thoughts and wants in their home lan-
guage and there will be guidance by the system on the proper phrasing in the selected
foreign language, with teaching of proper pronunciation. Players will then repeat

the foreign language to the NPC to elicit a response. Real-time feedback will be
given on the accuracy of pronunciation and sentence grammar. Through this, players
will be able to pick up useful day-to-day sentences that they can use when actually
conversing with someone else in that foreign language in their real lives. This rinse
and repeat method of learning will allow the language picked up to be ingrained in
their minds. The NPCs are also not limited by the type of speech input by the player
and can adapt to any situations and sentences that are befitting of their character (e.g.,
barista, doctor, parents). Players will basically be able to live a virtual life that situ-
ates him or her in a setting where conversations are all held in that foreign language.”
“Game Title: Living in a Foreign Country—Simulator

Required materials: Computer, Unreal Engine or something that can feasibly help to
program and visualize the game, programing knowledge, access to people from all
over the world willing to help contribute information and expertise to the game.
Game is an online simulator game in which the player will be playing a character
who recently moved to a foreign country (which has the language they are meant to
be learning) and has to go about their daily life trying to interact with other nonplay-
able characters (NPC) on asking for directions, buying food, making new friends etc.
Dialogues of the NPCs can be based off real world conversations that actually take
place, making the player feel more immersed. At easier levels, player can choose the
right option out of a few choices (Multiple Choice Question style).

At harder levels, players will have to type out their responses (to be determined by
an algorithm on its suitability as its response) and the NPCs will answer based on the
typed response.

Additional tools that can be used to help support the player include example re-
sponses and a dictionary that the player can use to help search up particular words if
they are struggling to create their responses.

Giving the wrong response will cause the player’s popularity and comfort level to
decrease and their goal should be to maintain or increase their comfort level or else
their character in game gives up and returns back to their home country.

In the game, the player spends each day with a set of tasks to complete before the
end of the day, and will have to travel around to various places in the game map
(supermarket, pharmacy, library, school etc.) to accomplish those tasks to earn money
which they can spend on upgrades for their character to increase their comfort level,
and reaching a certain level helps them to beat the game. Deepening their connections
with their neighbors/new friends/NPCs also helps to increase their comfort level.
Occasionally, special events will take place, giving the player more opportunities to
earn more comfort/popularity by spending time with their community/immersing
themselves in the culture of the place, making the game more exciting and including
a variety of activities.”
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Table 8 (continued)

Originality Sample Response
and Usefulness
Ratings

7 “The game title will be ‘Alien Invasion of [country name, ¢.g., Japan]’. The game
should be played from the POV of an alien that lands on earth in that country with
no money and has to figure out the local language by induction so that they can buy
food (they are hungry!) and slowly blend into life there. It will be more engaging
if it develops a plot where the supporting characters are helpful and kind and have
funny interactions where the user learns an important word or phrase (e.g., ‘is there a
washroom nearby?’ or ‘what is your name?’), maybe even eventually having a love
interest or found family. There should be in-game currency that users earn from an-
swering (typing on in-app keyboard or saying verbally to the phone e.g., how you talk
to Siri) prompts at the correct moments, such that they can save up to buy clothes and
other fun daily stuff like a house. It should be played on the phone in portrait mode,
somewhat similar to the Sims or Mystic Messenger, such that it really feels like AR
integration into reality except it’s fully graphics. ...
A possible plot twist when the user has reached the intermediate/advanced stage of
language learning is for another ‘alien’ to land on the same planet, such that the in-
termediate/advanced user is effectively teaching the beginner user and drawing upon
real-user interactions to solidify language learning takeaways and have real conversa-
tions, bringing that human element into the game and making it less programed.
There can be fun Easter eggs related to that country such as Godzilla emerging
in Shinjuku, Tokyo in an apocalyptic scenario for Japan (in the Japanese learning
mode), then they’ll have to learn words about monsters or earthquakes and disaster
preparedness. Can have some battle modes with Super Smash Bros graphics where
users face off against each other and compete to see who can get the most answers
correct in a battle to glean ‘experience’, and winner gets in-game currency. ‘Experi-
ence’ can eventually be exchanged for in-game currency. The game ends with a UFO
abduction/alien full-on invasion so that everyone can come to learn the language and
the way of the humans.”
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