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Abstract

The release of ChatGPT has sparked quite a bit of interest about creativity in the context of
artificial intelligence (Al), with theorizing and empirical research asking questions about the nature
of creativity (both human and artificially-produced) and the valuing of work produced by humans
and artificial means. In this article, we discuss one specific scenario identified in the creativity
research community — co-creation, or use of Al as a tool that could augment human creativity. We
present emerging research relevant to how Al can be used on a continuum of four levels of creativity,
from mini-c/creativity in learning to little-c/everyday creativity to Pro-C/professional creativity and
Big-C/eminent creativity. In this discussion, Al is defined broadly, not to include only large language
models (e.g., ChatGPT) which might approach general Al, but also other computer programs that
perform tasks typically understood as requiring human intelligence. We conclude by considering
future directions for research on Al as a tool for creativity across the four c’s.

Ulviyya Rohimova
Siini intellektin yaradiciliq prosesindd tatbiqi
Xiilaso

ChatGPT-in istifadays verilmasi suni intellektin (Al) kontekstinds yaradiciliq haqqinda boyiik
maraq dogurmusdur. Nozori vo empirik todgigatlar insan va siini yollarla yaradilan yaradiciligin
mahiyyati va insan torafindon yaradilmis islorin doyarinin giymotlondirilmasi kimi suallar goyur. Bu
mogalads yaradiciliq todgiqatlart icmasi torafindon mioyyon edilmis konkret bir ssenarini —
hommusallifliyi vo ya siini intellektin insan yaradiciligini giiclondira bilon bir alot kimi istifadasini
muzakirs edirik. Al-nin yaradiciligin dord saviyyasi boyunca — mini-c/6yronmods yaradiciligdan
little-c/glindolik yaradiciliga, Pro-C/pesokar yaradiciliga vo Big-C/moshur yaradiciliga qodor neco
istifado oluna bilacayino dair yeni arasdirmalari toqdim edirik. Bu mizakirads Al genis monada
muoayyan edilir; tokco Umumi slni intellekto yaxinlasa bilon bdyuk dil modellorini (masalon,
ChatGPT) deyil, ham¢inin adaton insan zokasi tolob edan vozifalari yerina yetiron digor komputer
programlarini da ohats edir. Sonda biz siini intellektin dérd C ¢argivasinds yaradiciliq tigiin bir alot

kimi golocak todgigat istiqamotlorini nozordon kegiririk.
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Yabsuiis Parumosa
IIpuMeHeHHe HCKYCCTBEHHOI'0 HHTE/JIEKTA B TBOPYECKOM Ipouecce
AHHOTaNUA

Brimyck ChatGPT BbI3Basn 00J1bI110# HHTEpEC K KPEaTUBHOCTU B KOHTEKCTE HUCKYCCTBEHHOTO
untemnekra (MN). TeopeTnueckue u SMIMpUUECKHUE UCCIIEN0BAHUS TOAHUMAIOT BOIIPOCHI O IPUPOJIE
KpEaTUBHOCTHU (KaK YEJIOBEYECKOW, TaK U CO3/1aHHOM MCKYCCTBEHHBIM ITyTEM) M OLIEHKE LIEHHOCTHU
paloThl, IPOU3BEIEHHOMN JIIOAbMU M UCKYCCTBEHHBIMU Cpe/icTBaMH. B 3Tol cTaThe Mbl 00Cy)1aeM
OJIMH KOHKPETHBIN CLieHapuil, ONpe/ielIeHHbI B COOOIIECTBE MCCIEIOBAHUN KPEATUBHOCTH — CO-
TBOPYECTBO WK Hcrnosb3oBaHne MM kak MHCTpyMEHTA, KOTOPBI MOYKET YCHIIUTh 4EIOBEUYECKYIO
KpeaTUBHOCTb. MBI IIPEICTaBIIsIEM HOBBIE MCCIIEA0BAaHUA, KOTOPhIE KacaroTcsa Toro, kak M moxer
WCIIOJB30BAThCS HAa KOHTHHYYME YEThIpeX YpPOBHEHW KpPEaTHMBHOCTH: OT Mini-c/KpPEaTMBHOCTU B
o0yuennu 110 little-c/moBceqHeBHOM KpeaTnuBHOCTH, Pro-C/mpodeccnonansHON KpeaTUBHOCTH 1 Big-
C/Bpimatonieiicss kpeaTHBHOCTH. B aTOoM 00cyxxaennn MU onpenensiercs B MIMPOKOM CMBICTE, HE
TOJILKO Kak OoJbInue si3pIKoBbIe Mozenu (Hampumep, ChatGPT), kotopsie MOTyT NpHOIMKATHCS K
obmemy WM, HO M Kak Jpyrue KOMIIBIOTEPHBbIE IPOTPaMMbl, BBINOJIHAIOLIME 33Jaud, OOBIYHO
TpeOyrolue 4eI0Be4eCKOro HHTEIUIeKTa. B 3akiitoueHrne Mpl paccMaTprBaeM Oy ylye HalpaBlieHHs

uccinenoBannii M kak MHCTpyMeHTa 1JI KpEaTUBHOCTU Ha MPOTSKEHUU BCEX YETBIPEX YPOBHEM.

Acar sozlar: Siini intellekt, Yaradiciliq tigtin Al alat kimi, Yaradiciligin 4C modeli.

Keywords: Artificial intelligence, Creativity Al as tool, 4c’s Model of Creativity.

KiloueBbie ciaoBa: VckyccTBeHHbIM uHTEneKT, KpeatuBHocth, MM kKak WHCTpYyMEHT,
Mogenb 4C KpeaTUBHOCTH.

Introduction

Artificial intelligence (Al) technology has become a major topic of interest to creativity
scholars, especially since the release of ChapGPT in November 2022. New research questions
emerged, from examining creativity of ideas produced by generative Al and comparing them to those
produced by human participants [Cropley, D., 2023, pp. 2] to examining audience perceptions of Al-
generated vs. human-made art to ethical and humanistic implications of Al for creativity suggested a
term parallel to artificial intelligence — artificial creativity — to describe machine-based generative
outputs. Cropley et al examined the attributes of artificial creativity and compared them to human
creativity.

Taking a different approach, a collaborative of creativity scholars discussed four major
scenarios how Al systems can influence creativity [Vinchon Florent, Lubart Todd, Bartolotta Sabrina,
Gironnay Valentin, Botella Marion, Bourgeois-Bougrine Samira, Burkhardt Jean-Marie, Bonnardel
Nathalie, Corazza Giovanni Emanuele, Glaveanu Vlad, Hanson Michael Hanchett, Ivcevic Zorana,
Karwowski Maciej, Kaufman James C., Okada Takeshi, Reiter-Palmon Roni, Gaggioli Andrea, 2023,
Pp. 467-837].

1) human-Al co-creation, where Al becomes a tool (or one of the tools) for human creativity
and has a potential to augment it [Kaufman J.C., Beghetto R.A., 2009, pp. 1-12]];
2) human only creativity becoming a hallmark of ‘true’ creativity, similar to the handmade
effect in consumer product evaluations or the authenticity effect in judgements of art
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3) plagiarism concerns;
4) Al diminishing human creativity in some individuals by weakening motivation and self-

concept of creativity.

Each of these scenarios is likely to spur their own lines of research. For instance, creativity
researchers might conduct studies to examine who would be likely to get discouraged and who would
be inspired by Al systems. Similar to the creative mortification effect [Beghetto R.A., 2014, pp. 266],
we can hypothesize that those who end up being negatively affected by the presence of generative Al
are individuals who do not have high creative self-efficacy, value of creativity, and the ability to
regulate emotions, such as anxiety and frustration, during the creative process.

In this article, we focus on the scenario of co-creation or the use of Al as a tool for creativity.
We consider a broad view of Al as including any computer programs that perform tasks that are
typically understood as requiring human intelligence. Al technologies include narrow (or weak)
intelligence that are specialized for specific kinds of tasks (e.g., self-driving cars) and broad or general
intelligence (which is still theoretical, but tools like ChatGPT might be approaching it.

When we discuss Al as a tool for creativity, we draw an analogy with other technologies
that have been used to augment human creativity. Invention of photographic technology created a
new artform, although with some initial resistance. The advent of computers enabled development of
innovative statistical methods and their widespread application in scientific research. For example,
although factor analysis was first used by Spearman (1904) and formally defined by Thurstone
(1935), increases of computational power made it possible to apply these techniques more broadly
and spurred development of new methods (e.g., structural equation modelling, latent curve
models; Cudeck & MacCallum, 2007). These methods were in turn applied broadly in scientific
research, such as identification of five broad factors of personality. Although history is a good teacher,
and can inform by analogy, it is important to examine how emerging Al technologies specifically can
be used in the service of human creativity.

In the following sections, we examine potential uses of Al technologies across the four
levels of creativity, from mini-c to little-c to Pro-c, and Big-C [3 followed by discussion of future
research directions. We apply the Four C's framework as a convenient guide and acknowledge that it
presents a simplified view of creativity. Most importantly, the four levels are not discrete and
mutually exclusive categories. Rather, they are best understood as a continuum that provides a useful
model for theory and research on different manifestations of creativity. For example, little-c creativity
(or everyday creativity) can often become Pro-c/professional creativity when a casual activity inspires
expertise acquisition and grows into a professional endeavor.

Mini-c creativity. Mini-c creativity is a form of creativity that happens in the learning
process [Beghetto, R.A., Kaufman J.C., 2007, pp. 73-79]. Mini-c creativity can be described as
original only to the individual, often without being shared with others, and its quality is best described
in terms of personal meaningfulness. For instance, mini-c can manifest as insights that contribute to
new understandings, or personally meaningful connections between one's experiences and new
knowledge being acquired.

The study of Al in the context of education is examining applications of Al technologies in
traditional academic subjects (e.g., supporting learning toward mastery of reading and
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writing, Passonneau et al., 2017), as well as investigating how these technologies might be applied
toward learning skills beyond traditional academic competencies [Simone Grassini]; [Beghetto R.A.,
2014, pp. 266]. Implications of Al for mini-c creativity remain largely unexamined. We could
hypothesize that because of the potential for personalization of learning using Al technology, the
likelihood of personally meaningful insights and associations that is the highlight of this kind of
creativity could be higher than with traditional instruction.

Beghetto and Karwowski have proposed micro-longitudinal design to study the dynamic
nature of the creative process in learning. In contrast to traditional longitudinal designs which include
multiple assessments across days (e.g., in the case of experience sampling methods), months, or years,
micro-longitudinal designs involve measurements in a short time period — from seconds to minutes.
These designs could be useful in the study of mini-c creativity in interactions with Als, with data
about the nature of the interaction recorded in the Al environment and supplemented by think aloud
and survey methods. A similar approach has been employed by Kangasharju et al. (2022) to observe
how secondary school students use the Al tool Poetry Machine to learn poetry writing and what kinds
of poems they generate using this tool.

Little-c/everyday creativity. Little-c creativity refers to original and appropriate ideas or
products in the context of everyday life and interactions (e.g., leisure activities, daily challenges in
relationships or work). Typical measures of creative thinking, such as divergent thinking tests or
problem solving tasks, are best understood as measuring little-c creativity. As these measures
continue being widely used in creativity research, and they are easy and quick to administer, it is not
surprising that this is where research on Al and creativity has started.

Cropley (2023) compared responses to a divergent association task produced by human
participants and by ChatGPT (versions 3 and 4). The task asked respondents to generate 10 words
that are as different from each other as possible, with responses scored based on semantic distance.
ChatGPT generated more original responses than humans, although the differences were
small. Koivisto and Grassini (2023) collected responses from human participants, ChatGPT (versions
3.5 and 4), and Copy.Ai on the alternate uses test and found higher mean originality for Al responses,
measured both in terms of semantic distance and human ratings. Al did not generate commonplace
responses, but it also did not consistently produce more original ideas than the best performing
humans. These results suggest that Al as an idea generation tool might be especially helpful to those
who tend to generate ideas low on originality.

A study of storytelling provided a direct test of the effects of humans using Al as a tool.
Participants were asked to write an 8-sentence story about an adventure on open sea. Comparing those
who had no Al access, participants who were introduced to ChatGPT-4 as a tool for idea generation
wrote more novel and useful stories (defined as appropriate, feasible, publishable) (Doshi & Hauser,
2023). Moreover, being able to solicit multiple ideas from the Al further increased novelty and
usefulness compared to getting a single idea, as well as resulted in stories rated as better-written, more
enjoyable, having a surprising twist, and having changed people's expectations of future stories they
read. The downside of access to Al was that stories were more similar to each other for those who
worked with ChatGPT than for the human-only condition. Of note, story originality and usefulness
were enhanced only for participants with low creative thinking ability (measured by the divergent
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association task), suggesting that benefits of using Al might be restricted to those with low creative
potential.

Dell'Acqua et al. (2023) conducted a study in a sample of management consultants in which
the control (human-only) group was compared with the experimental groups having access to
ChatGPT-4 (Al tool only and Al tool plus prompt engineering materials groups). The dependent tasks
were designed to realistically reflect consultant work (e.g., developing a concept for a niche footwear
product from generating ideas, to developing prototype description, to market analysis, and product
launch). Human raters judged quality of each of 18 subtasks, including: (1) tasks directly relevant to
the creative process, such as generating product ideas, evaluating and selecting the best idea, coming
up with potential names for their product, describing a prototype, coming up with a marketing slogan;
and (2) communication about the creative product (e.g., writing an inspirational memo to company
employees, describing the product development process in a Harvard Business Review style article).

Results showed that participants in both Al conditions performed better than those in the
control condition, even when controlling for performance on a similar baseline task, with the
ChatGPT + training group doing better than the ChatGPT only group. Similar to other studies, those
who had low scores on the baseline task benefited more than those who had high scores, and using
Al reduced variability of ideas.

Furthermore, the study compared performance on a task within the capability of the Al tool
and a task designed so that Al would produce incorrect output without extensive guidance. Although
participants with access to ChatGPT were rated as producing higher quality output than those without
Al help, they were also more likely to make mistakes. In other words, participants over-relied on the
Al.

Big-C/eminent Creativity. Contributions that change a domain and have an enduring
influence on a field, or even culture at large, constitute Big-C or eminent creativity [Kaufman J.C.,
Beghetto R.A., 2009, pp. 13-16]. At this time, there are no studies of Big-C creativity enabled or
facilitated by Al systems. However, developments in Al, such as the AlphaFold, which was designed
to predict 3D structure of proteins based on their genetic sequence, have sparked interest of scientists
in biomedical fields [Callaway E., 2022, pp. 234-238]. At a minimum, AlphaFold can be used to save
time on a long process of understanding the structure of proteins that could be employed in developing
new treatments for challenging diseases and potentially lead to revolutionary innovations. In a year
after AlphaFold database was publicly released, more than 250 publications across biomedical
sciences referred to it, suggesting quick adoption and application in research [Varadi Mihaly,
Velankar Sameer]. It would not be far-fetched to imagine Nobel Prize winners in physiology or
medicine employing this tool or a similar Al tool in the years to come.

Observational and think aloud studies will be valuable in examining mini-c creativity in
interactions with Al technology. Mini-c creativity can emerge in the process of learning about Al
tools themselves (e.g., exploring new ways of using the technology and gaining new insights about
it), as well as when Al tools are used as part of the instructional process. If the instructional process
is personalized with the use of Al, we can ask whether creative learning is more likely than in group-
based instruction. Furthermore, interaction between human instruction and the Al will be relevant.
Students, whether children or adults in professional settings, might be less likely to rely only on the
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ideas provided by the Al if they learn about how these technologies generate ideas (i.e., based on co-
occurrences of concepts in a body of training data) and the nature of the creative process before
interacting with the Al (e.g., that first ideas tend not to be the most creative; Lucas & Nordgren,
2020).

Across the continuum of creativity, it will be important to investigate individual and
situational factors that facilitate the use of Al technologies to augment human creativity. On the
individual level, we can hypothesize that openness to experience can predispose individuals to be
more receptive to adopting Al tools and that narrower traits, such as curiosity, can facilitate
exploration aimed at developing strategies for how to optimally use the technology. Situational
factors can involve both training in strategies of Al use and team processes that can facilitate problem
finding and verification tasks.
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