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Redefining Creativity in the Era of AI? Perspectives of Computer Scientists and 
New Media Artists
Roosa Wingströma, Johanna Hautalab, and Riina Lundmana

aUniversity of Turku; bUniversity of Vaasa

ABSTRACT
Artificial intelligence (AI) has breached creativity research. The advancements of creative AI systems 
dispute the common definitions of creativity that have traditionally focused on five elements: actor, 
process, outcome, domain, and space. Moreover, creative workers, such as scientists and artists, 
increasingly use AI in their creative processes, and the concept of co-creativity has emerged to 
describe blended human–AI creativity. These issues evoke the question of whether creativity 
requires redefinition in the era of AI. Currently, co-creativity is mostly studied within the framework 
of computer science in pre-organized laboratory settings. This study contributes from a human 
scientific perspective with 52 interviews of Finland-based computer scientists and new media artists 
who use AI in their work. The results suggest scientists and artists use similar elements to define 
creativity. However, the role of AI differs between the scientific and artistic creative processes. 
Scientists need AI to produce accurate and trustworthy outcomes, whereas artists use AI to explore 
and play. Unlike the scientists, some artists also considered their work with AI co-creative. We 
suggest that co-creativity can explain the contemporary creative processes in the era of AI and 
should be the focal point of future creativity research.
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Introduction

Creativity is usually considered an interactive process 
where actors create novel outcomes as part of different 
domains in varying environments (Amabile, 1996; 
Boden, 2004; Csikszentmihalyi, 1997; Csikszentmihalyi 
& Sawyer, 2014; Fischer, Giaccardi, Eden, Sugimoto, & 
Ye, 2005). Many definitions combine some or all of the 
elements of an actor, process, outcome, domain, and 
space, which we call the five elements of creativity. 
However, creativity remains a disputed concept (e.g., 
Puryear & Lamb, 2020; Runco & Jaeger, 2012). 
Numerous definitions exist and evolve across academic 
debates. Some focus on humans, whereas others con
sider creativity to be distributed beyond humans into 
artifacts and the environment (Glaveanu & Kaufman, 
2019) or rooted in systems formed of creative indivi
duals, audiences, and domains (Csikszentmihalyi, 2014). 
Today, the surge of artificial intelligence (AI) across 
various creative occupations, such as science and arts, 
has brought a novel aspect into these debates, and scho
lars are increasingly scrutinizing the implications of AI 
in creativity (Daniele & Song, 2019; Fujita, 2018; 
Mazzone & Elgammal, 2019). We contribute to this 
research by studying computer scientists and new 

media artists who use AI in their work. In this paper, 
we aim to examine whether creativity requires redefini
tion in the era of AI.

We define AI as a computational system demonstrat
ing behavior that would be considered intelligent when 
performed by humans – for example, learning, problem- 
solving, and reasoning (Kaplan & Haenlein, 2019; 
Russell & Norvig, 2010). The increasing use of AI raises 
several important conceptual, empirical, and real-life 
needs to revisit the definitions of creativity (Esling & 
Devis, 2020). AI has become more common in creative 
work because it performs well in tasks that are difficult 
for humans (Kaplan & Haenlein, 2019, p. 20), such as 
tirelessly analyzing and extracting big data, predicting 
outcomes, and even creating new content 
(Anantrasirichai & Bull, 2022). For instance, AI can 
imitate artistic styles (Elgammal, Liu, Elhoseiny, & 
Mazzone, 2017), compose music (Choi, Fazekas, & 
Sandler, 2016), or create dance moves in real time 
(Berman & James, 2018). Among the increased use of 
AI, these achievements have raised critical questions 
regarding AI’s potential to influence creativity, creation 
processes, and the audience’s experience of creativity 
(Daniele & Song, 2019; Miller, 2020).
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Moreover, there is a need to bring forward a debate 
for including AI related creativity into the sphere of 
current creativity research (cf. Cropley, 2020; Garrido, 
2021). Some AI methods are considered to be creative 
either on their own (Colton & Wiggins, 2012; Daniele 
& Song, 2019; Fujita, 2018) or together with a human. 
The latter is called co-creativity, where the creativity of 
humans and AI blends (Davis, 2013, p. 10). In this 
paper, we delve into research on co-creativity and 
reveal a surprising lack of empirical studies outside 
aesthetic art domains and for studies comparing mul
tiple domains. Furthermore, co-creativity remains 
mostly unattended within social scientific creativity 
research and requires more focus on the everyday 
creative processes of people. However, co-creativity 
is almost exclusively studied in computer science and 
in prearranged settings (see Kantosalo & Riihiaho, 
2019; Karimi, Rezwana, Siddiqui, Maher, & 
Dehbozorgi, 2020; Lin, Guo, Chen, Yao, & Ying, 
2020). To develop creativity-supporting AI, we must 
understand how the novel AI technologies are used in 
everyday creative processes. People who work with AI 
are the experts in such technologies and in the role of 
AI in their own creativity. Revealing expert perspec
tive requires empirical support that expands the con
cept of co-creativity research beyond computer 
science.

Thus, this study answers the need to revisit the defi
nitions of creativity in the era of AI. To examine the role 
of AI in the everyday creation processes, we focus on 
computer science and new media arts that are both 
creative domains (cf. Florida, 2014) where people 
increasingly use AI in their work (Fujita, 2018; Jeon, 
Fiebrink, Edmonds, & Herath, 2019). As Miller (2020, 
p. 2) notes, the field of AI ‘fuses’ science and art – here, 
computer science represents the domain where AI 
emerges from, and new media arts include some of the 
pioneers who apply AI in art. A known example is 
Harold Cohen’s painting tool AARON, one of the first 
projects to elicit dialogue between computer science and 
arts (Zylinska, 2020). At the same time, scientists and 
artists have distinct audiences and create different out
puts: academic knowledge and artwork. Thus, we see 
that the two domains are imperative to understand 
creativity in the era of AI, as the scientists and artists 
can provide critical perspectives and interesting variety. 
The present paper examines whether creativity requires 
redefinition in the era of AI. We ask the following: (i) 
How do scientists and artists define creativity? (ii) Are 
the definitions of creativity different between scientists 
and artists? If yes, how? (iii) What is the role of AI in the 
creation process of scientists and artists? Our data con
sist of interviews with 52 Finland-based participants (26 

computer scientists and 26 new media artists), which 
was assessed using a qualitative content analysis 
approach.

According to our key results, the scientists and artists 
recognize all five elements of creativity (i.e., actor, pro
cess, outcome, domain, and space) in their definitions. 
Scientists often define creativity via an outcome that, in 
their domain, should be valuable and novel knowledge. 
Artists focus on the creativity process with a personal 
perspective and often see that all outcomes have intrinsic 
value. When we examined the creative processes in the 
context of AI, we found that AI is approached differently 
between the two domains. For scientists, AI was 
a capable but limited tool, whereas the artists more 
often recognized a co-creative, playful relationship 
with it. The present study demonstrates how the under
standing of creativity may change in the era of AI. We 
encourage the efforts to develop AI that augments 
human creativity rather than replaces it. Clarifying the 
concept of co-creativity is very necessary to research and 
better understand the limitations and potential of the 
human–AI relationship our near future.

This paper is structured as follows. First, we intro
duce relevant theoretical literature on creativity research 
through the five elements of creativity and focus on the 
creative contexts of science and arts. Second, we define 
AI, reflect on how it is implemented in creative work, 
and further elucidate the concept of co-creativity. Third, 
we present the data that we obtained from the interviews 
and analyzed with qualitative content analysis metho
dology. Subsequently, we explore the creativity defini
tions provided by computer scientists and new media 
artists, and further examine how they see the role of AI 
as part of their creativity process. Finally, we discuss the 
implications of this study along with those of previous 
research. The paper concludes with limitations and 
directions for future research.

What is creativity? Building the framework

Five elements of creativity

In general, many definitions of creativity incorporate 
aspects of the following five elements: actor, process, 
outcome, domain, and space, particularly the first three 
(Amabile, 1996; Boden, 2004; Csikszentmihalyi, 1997; 
Rhodes, 1961). Figure 1 visualizes the further analysis 
of each element, where we present them as “doings” (i.e., 
processes) or “beings” (i.e., actor and outcome) that all 
exist within space and time (Figure 1). According to 
Runco and Jaeger (2012, p. 92), the standard definition 
of creativity is twofold and includes the concepts of 
originality (or novelty) and effectiveness (or usefulness). 
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These terms have appeared in several creativity defini
tions since the 1950s (Puryear & Lamb, 2020; Runco & 
Jaeger, 2012). We present some of the well-known defi
nitions of creativity in Table 1. The same definitions are 
commonly applied in AI-related research as well (Esling 
& Devis, 2020; Jordanous, 2016).

The first element of creativity, actor, is most often 
considered a human with abilities to produce unique 
ideas and behavior (Glaveanu & Kaufman, 2019). The 
creative actor has been used to define creativity; for 
instance, Guilford (1950, p. 444) described creativity as 

“the abilities that are most characteristic of creative 
people.” Research exploring “big C” concentrates on 
exceptionally creative geniuses, whereas “little c” 
research identifies the everyday creativity of a given 
individual (Simonton, 2013, p. 71; Stein, 1987, p. 420). 
However, the human-centered views of an actor have 
been challenged by the distributed and posthuman crea
tivity theories that emphasize the interaction between 
humans and “nonhumans” – for example, artifacts and 
technologies. We argue that AI can also be considered 
an actor from these perspectives. From a distributed 
perspective, creativity is scattered beyond the (human) 
actor into artifacts and the environment (Glaveanu & 
Kaufman, 2019, pp. 15–21; Meusburger, Funke, & 
Wunder, 2009; Roudavski & McCormack, 2016). 
Similarly, from a posthuman perspective, knowledge 
and creativity are co-constituted with artifacts or tech
nologies (Ihde, 1990; Latour, 2013; Rose, 2017). In his 
critical work, Ihde (1990) argues that technologies med
iate the human world. Here, humans experience the 
world with and through technology, which means that 
technology enables certain actions – for instance, AI 
enables the scientist to analyze large sets of data. We 
further apply Hayles’s theory (2017, pp. 31–32) to 
demonstrate that AI is a cognizer (i.e., an actor that 
can autonomously pursue a goal). It differs from non- 
cognizer (i.e., a non-autonomous artifact such as a pen). 
Thus, researching AI from these perspectives is critical 

Figure 1. A simplified conceptualization of the elements in the definitions of creativity. The creative actor is at the core of the figure. As 
a result of the creative process, they produce an outcome that is evaluated as creative (or not creative) in the domain. All elements exist 
in space and time.

Table 1. Definitions of human creativity commonly applied in AI- 
related research.

Definition of creativity Reference

Process or interaction(p) that consists of an 
individual’s motivation, expertise, and 
creative thinking skills(a)

(Amabile (1996), p. 84)

Ability(a) to come up with(p) ideas or artifacts 
that are new, surprising, and valuable (o)

(Boden (2004), p. 1)

New combinations(p) of known ideas(o), [. . .] 
new ideas(o) are developed out of 
exploration(p) of the conceptual spaces(s), 
[. . .] transform[ing](p) a dimension of the 
conceptual space(s)

(Boden (2004), pp. 3–6; 
2009, pp. 24–25)

Interaction of a system that consists of 
domain, field(d), and an individual(a). The 
process of discovery(p) that individuals(a) 

find highly enjoyable; enjoyment enables 
the experience of flow(p).

Csikszentmihalyi (1997, 
pp. 27–28, pp. 108–110)

Person(a), process(p), press(s), product(o). Rhodes (1961, p. 307)
(a) = actor; (p) = process; (o) = outcome; (d) = domain; (s) = space
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because it is a novel technology that can make decisions 
and change the process it participates in (cf. Mazzone & 
Elgammal, 2019).

The second element is the process of creation, where 
thoughts and actions are further developed to produce 
novel outcomes or ideas (Lubart, 2001). Creativity scho
lars have successfully identified several cognitive skills 
that are present in the creative process. One of the most 
critical is divergent thinking ability because it allows 
humans to imagine novel ideas and explore multiple 
solutions to solve a problem (Runco & Acar, 2012). 
Divergent thinking is followed by convergent thinking, 
where different thoughts come together in a structural 
manner, landing upon a single solution to a problem. 
Creativity is often conceptualized within the context of 
problem finding and problem-solving (Runco, 1994). 
Creative insight is considered to be the moment when 
a problem or solution is identified (e.g., 
Csikszentmihalyi & Sawyer, 2014). Today, AI can be 
used in tasks that require divergent and convergent 
thinking or problem finding and solving. Humans and 
AI can thus take distinct roles and complement each 
other in the co-creative process (Kantosalo & Toivonen, 
2016). AI can, for instance, interactively inspire the 
human in a creative sketching task (Lin et al., 2020).

The third element is the creative outcome, which is 
the result of the creation process. Some outcomes are 
intangible (e.g., theories, skills) and others are tangible 
(e.g., paintings, songs, software). The definition of crea
tive outcome as new, surprising, and valuable often 
traces back to Margaret Boden’s well-known work 
(Boden, 2004). Boden also distinguishes two types of 
creativity via the outcome; psychological (P-creativity) 
and historical (H-creativity) (Boden, 2004, p. 2). 
P-creativity occurs when an actor produces an outcome 
that is novel for themselves but not necessarily to the 
world. H-creativity represents a revolutionary outcome 
that is novel in the entire human history. However, 
evaluation of the originality and value of an outcome is 
an ongoing debate in creativity research. Creative AI 
further contests the issues regarding novelty, autonomy, 
and authorship, as AI’s creativity is often evaluated via 
the outcome it produces (Browne, 2022).

The fourth element of creativity is domain. 
Csikszentmihalyi (2014) uses domain to represent 
a broad culture such as painting or logic. In this paper, 
we apply a more specific model by Baer and Kaufman 
(2005), who explain domains in a three-step hierarchy: 
general thematic areas (e.g., arts), domains (e.g., visual 
arts), and microdomains (e.g., painting). However, the 
concept of domain remains disputed; for instance, scho
lars have long debated between domain-general and 
domain-specific views on creativity (Baer, 2010; 

Kaufman, 2012; Sternberg, 2009). In the domain- 
general perspective, creative individuals share similar 
abilities across all domains (e.g., Baer, 2010). Thus, cer
tain skills required for creativity, such as personality, 
openness to new experiences, or willingness to take 
risks, could be domain-general (Kaufman, 2012; 
Sternberg, 2009). Others maintain that all humans are 
creative and that creativity can be further encouraged in 
everyone through creative teaching (Lucas, 2001). On 
the contrary, the domain-specific approach argues there 
are differences in creativity between domains, meaning 
that certain traits are prone to distinct domains (Baer, 
2010; Sternberg, 2009). Here, creativity must be learned 
domain-specifically across various domains to foster 
creative skills (Baer, 2013). Similarly, AI is developed 
domain-specifically because it “must be trained using 
data having statistics and characteristics typical of the 
particular application domain under consideration” 
(Anantrasirichai & Bull, 2022, p. 593).

The fifth element is space. Various scholars have 
presented the connection of creativity and environment 
(e.g., Amabile, Conti, Coon, Lazenby, & Herron, 1996; 
Jordanous, 2016; Meusburger et al., 2009; Rhodes, 1961). 
Space is less common in the definitions of creativity than 
the other elements; however, we argue that creativity is 
inherently a spatial process (Hautala & Jauhiainen, 
2014). The creative process includes the mobility of 
humans and artifacts (Hautala & Jauhiainen, 2019), 
and the process is distributed between the creator, envir
onment, society, and space (Botella et al., 2013, p. 162). 
Space is not only a container or passive environment for 
creativity but a network of actors, artifacts, and environ
ments that interact in the creation processes (Hautala & 
Jauhiainen, 2019; Jones, 2009, p. 491). Space in the era of 
AI is less restricted by physical mobilities and environ
ments that can be overcome with digital tools and 
spaces. Recent research has also demonstrated that the 
opportunities for co-creativity between humans and AI- 
related technologies increase in situations with less con
trol in spaces such as robot laboratories (Hautala & 
Jauhiainen, 2022).

Science and arts as the context of creativity

To research creativity in the era of AI, the present paper 
focuses on how computer scientists and new media 
artists view AI within the creative process. Both compu
ter science and new media arts can be considered crea
tive domains (cf. Florida, 2014), and an increasing 
number of scientists and artists are using AI in their 
work (Fujita, 2018; Jeon et al., 2019). The domains 
belong to the broader themes of science and art, where 
creative expression is required (Baer & Kaufman, 2005; 
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Florida, 2014). Despite the fact that science and arts have 
sometimes been distinguished as two separate cultures 
(e.g., Snow, 1993), many contemporary scholars have 
noted that they developed codependently over time 
(Bullot, Seeley, & Davies, 2017). Science has influenced 
artistic innovations, whereas artistic culture has lever
aged scientific discoveries. The history of both domains 
has celebrated many “creative geniuses,” from Pablo 
Picasso to Albert Einstein. Creativity can occur on the 
boundaries of these domains (Klausen, 2014), redefine 
such boundaries, or even produce new domains 
(Hautala & Ibert, 2018, p. 1689).

Scientists and artists have similarities in their creativ
ity processes and as contexts of creativity (Root- 
Bernstein & Root-Bernstein, 2004). Both are found to 
have common, domain-general characteristics. For 
example, openness and intelligence support creativity 
in both domains (Batey & Furnham, 2006; Feist, 1998). 
To make certain outcomes possible, scientists and artists 
need to defy one’s own thinking, the audience, and the 
current status quo – or zeitgeist – of society (Sternberg, 
2018a, p. 10). Workers in both domains need enough 
suitable resources, knowledge of methods, existing out
comes, and criteria of evaluation to produce creative 
outcomes. However, some studies have argued that crea
tivity in science and arts is domain specific to some 
extent (Glaveanu et al., 2013; Lubart & Guignard, 
2004). Agnoli, Corazza, and Runco (2016) suggest that 
self-efficacy and the ability to solve problems by insight 
are predictors of scientific achievement, whereas person
ality and divergent-thinking abilities are predictors of 
artistic creativity. Ego strength (i.e., general emotional 
stability) often supports the creativity of artists but not 
of scientists (Kirsch, Lubart, & Houssemand, 2014).

In both science and arts, outcomes can be evaluated by 
their creativity. The recognition of peers, editors, funders, 
curators, and audiences is critical for a person to be 
considered a professional scientist or artist (Marnin- 
Distelfeld & Dorchin, 2020). Thus, creative achievement 
is constructed through social processes because it involves 
the interaction between actors in groups, domains, and 
wider networks (Csikszentmihalyi & Sawyer, 2014; 
Fischer et al., 2005; Mazzone & Elgammal, 2019). For 
example, in science, the creativity of a scientific article is 
often considered in the scientific peer-review process. In 
arts, the creativity of artworks is evaluated by both other 
artists and the audience.

However, the creative outcomes also present some of 
the key differences in creativity between science and 
arts. In science, the key outcomes are peer-reviewed 
publications that are evaluated in the domain 
(Simonton, 2004). The publications must meet the 
requirements of the domain; for instance, Sternberg 

(2018b, p. 212) argues that academic journals and 
funding agencies often value incremental creativity 
(i.e., small steps that advance the field). Revolutionary 
discoveries are rare because they require the defiance of 
oneself, the state of the art in the domain, and the 
societal zeitgeist (Sternberg, 2018a). Arts, on the con
trary, are more imaginative and connected to the 
impulse to create and express (Glaveanu et al., 2013). 
Evaluating the creativity of artistic outcomes (e.g., 
paintings, poems) appears to be more ambivalent as 
opposed to science because there are no set require
ments for artistic creativity or value (Grant, 2018). 
Thus, artistic creativity relates to the idea of play. Play 
is a voluntary activity (e.g., Huizinga, 1938/1955/1955) 
that has special meaning and value (Lundman, 2012). 
Huizinga (1938/1955/1955) describes how play happens 
in a “magic circle” that can break the rules of reality 
(i.e., what is impossible in real life is possible in play) 
(Lundman, 2012). Here, artists engage with their audi
ence in the magic circle of make-believe when present
ing their piece of art (Root-Bernstein, 2014). However, 
playfulness is not exclusive to arts; scientists can also 
participate in playful activities and emotions when they, 
for instance, imagine future research (e.g., Salen & 
Zimmerman, 2003).

Creativity with artificial intelligence

AI: simulating human intelligence in machines

Before we delve into creativity with AI, we must first 
understand what AI is. The first “intelligent machines” 
were designed nearly a century ago by mathematicians 
to simulate human thought (e.g., problem-solving, logic) 
(Mitchell, 2019, pp. 16–18). The term AI was coined in 
Dartmouth in 1956, when pioneer scientists were to 
develop a “fully intelligent machine.” However, intelli
gence has proven difficult to replicate because we do not 
fully understand what intelligence is or how to simulate 
it (Hawkins, 2021; Mitchell, 2019). Many agree that 
intelligence is a combination of different skills, such as 
information processing, motoric skills, and reasoning 
(Boden, 2016). The ability to learn is essential to obtain 
these skills (Hawkins, 2021, p. 134). AI can process 
information and learn, too; however, whether it can 
possess knowledge (Hautala, 2021; Hautala & 
Jauhiainen, 2022) or consciousness (Hawkins, 2021) is 
a question that remains unanswered. The intelligence of 
an AI has traditionally been measured with the Turing 
test: an AI passes the test if the human evaluator is 
unable to distinguish the AI from a human (Pease & 
Colton, 2011). AI can indeed outperform humans in 
certain tasks, such as analyzing massive amounts of 
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data, and thus appears to be intelligent. However, a so- 
called general AI that combines various skills is yet to be 
developed.

Since its founding, AI has been divided into several 
subfields: machine learning, machine vision, and natural 
language processing (Russell & Norvig, 2010, p. 2). 
Today’s AI is relatively narrow in scope; it is applied in 
specific tasks such as industrial robotics or face recogni
tion (Kaplan & Haenlein, 2019). The most important 
branch leading the current surge of AI is deep learning 
based on artificial neural networks (ANNs) (Boden, 
2016, p. 6; Hawkins, 2021, p. 119). The ANNs mimic 
the network of the human brain, and some have argued 
they could be a step toward the general AI (Boden, 2016, 
p. 79). However, the current ANN models are simple 
compared to the neural networks of the human brain, 
and human-like intelligence remains purely speculative 
(Hawkins, 2021). The recent developments in ANNs, 
along with the availability of data, have nevertheless 
led to significant results, from programs that understand 
spoken language to self-driving cars. Importantly, ANNs 
have been critical in computer scientists’ attempts to 
model creativity, which has been a challenge for AI 
thus far (Toivonen & Gross, 2015).

From independently creative AI to co-creativity of 
humans with AI

Developing AI that performs creative tasks or augments 
the creativity of humans has intrigued scientists for 
decades (Colton & Wiggins, 2012). Computational crea
tivity, a subfield of computer science aimed at develop
ing creative AI, has recently gained traction due to the 
advancement in neural networks and deep learning 
techniques. Computational creativity has two major per
spectives that we distinguish as “independently creative 
AI” and “co-creative AI.”

The first perspective focuses on developing AI that 
simulates human-level creativity (Colton & Wiggins, 
2012). For instance, machine learning techniques can 
be used to classify neural markers of divergent thinking 
ability (Stevens & Zabelina, 2020) or problem-solving 
(Colin, Belpaeme, Cangelosi, & Hemion, 2016). Novel 
neural networks are used in systems that create, for 
example, paintings (Elgammal et al., 2017), sketches 
(Karimi et al., 2020), or compositions (Choi et al., 
2016). Sometimes, AI is considered an artist, such as 
Shimon the musician (Dvorsky, 2017) or the painter 
software The Painting Fool (Colton, 2012). The creativ
ity of AI is usually evaluated via an outcome (Ritchie, 
2007, p. 69); a known method is the Lovelace test 
(Bringsjord, Bello, & Ferrucci, 2001). However, such 
tests fail to consider the originality and effectiveness of 

the outcome (Gioti, 2020, p. 29; Pease & Colton, 2011). 
Moreover, some research has suggested that human 
evaluators tend to be negatively biased toward art gen
erated by AI, as opposed to art made by humans (Ragot, 
Martin, & Cojean, 2020). People might lack understand
ing of AI, or creativity might be perceived as a uniquely 
human trait. The idea of independently creative AI 
means a “competitive relationship” between humans 
and AI and evokes questions as to whether AI could 
replace humans as a creative actor (Gioti, 2020, p. 25).

The abilities of AI in creativity processes are very 
different from those of a human. Humans mobilize 
their skills into a versatile spatial creation process and, 
for example, respond to their culture, create meaning, 
move in different environments, engage in social inter
action, build tools, or test new ideas. Although AI can 
simulate some of these skills, it cannot combine creative 
skills like humans can (Hertzmann, 2018, p. 19). In 
creative tasks, goals and inputs are also difficult to 
know beforehand, which is a problem for AI (Gioti, 
2020, p. 30). Current AI lacks identity, feelings, the 
ability to give meaning to the outcomes it creates, or 
reflect “the lived experience of the human” (Mazzone & 
Elgammal, 2019, p. 8). As the programming requires 
a human actor, the concept of a fully autonomous AI 
is challenged (Daniele & Song, 2019). Thus, many 
oppose the idea of an “AI author” (e.g., Browne, 2022; 
Hertzmann, 2018; Hong & Curran, 2019).

The second perspective of computational creativity 
focuses on developing AI that is co-creative with 
humans. Human–AI co-creativity aims to blend the 
creativity of humans and AI in an interactive process 
“on a shared task in real time” (Karimi et al., 2020, p. 22). 
Such AI is capable of interacting with humans, learning, 
and adapting its functions in real time, and this interac
tion is also known as “human in the loop” (Chung, 
2021). Thus, some consider it “an equal creative partner” 
to humans (Berman & James, 2018, p. 257) or a tool that 
can support the creativity of a human (Kantosalo & 
Toivonen, 2016). Research has shown that AI is capable 
of generating new ideas and inspiration for humans, 
providing knowledge that enhances humans’ creative 
abilities, overcoming fixated thinking and “blank canvas 
paralysis,” and inspiring individuals by presenting 
sketches of varying similarity (Kantosalo & Toivonen, 
2016; Karimi et al., 2020; Maher, 2012).

Compared with the long history of creativity 
research, the human–AI co-creativity research is 
young, dominated by computer science, and empirically 
thin (Davis, 2013, p. 10). Most empirical research is 
focused on testing co-creative models in pre-organized 
settings within art-related domains, including design 
(Karimi et al., 2020; Lin et al., 2020), music (Gioti, 
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2020), writing (Kantosalo & Riihiaho, 2019), and dance 
(Berman & James, 2018; Fabiano et al., 2017). Moreover, 
creativity is often vaguely defined in the co-creativity 
research (Table 2). Sometimes, activity within any “crea
tive domain,” such as dance, theater, or writing, is con
sidered creative (Berman & James, 2018). When 
creativity is defined, it is often done via Boden’s (2009) 
criteria of novelty, surprise, and value (Canaan, Menzel, 
Togelius, & Nealen, 2018; Gioti, 2020) or via combina
tion, exploration, or transformation (Karimi et al., 
2020). Also, Csikszentmihalyi’s (1997) concept of flow, 
(i.e., state of complete concentration with the activity at 
hand) is applied. Here, AI helps humans reach the flow 
(Davis, 2013). Others define creativity as open-ended 
playful or improvisational interaction (Piplica, DeLeon, 
& Magerko, 2012) and searching (Kantosalo & 
Toivonen, 2016). Sometimes, all interactive action 
where humans and computers influence each other 
while doing a creative task is considered creativity 
(Fabiano et al., 2017, p. 1).

In this study, we bring human-AI co-creativity to the 
center of creativity research. We interviewed computer 
scientists and new media artists who work with AI 
because they are the experts in such technologies and 
in the role of AI in their own creativity. In the following 
section, we introduce the materials and methods of this 
paper in more detail.

Materials and methods

Participants

To study creativity in the era of AI, we interviewed 52 
Finland-based computer scientists (26) and new media 
artists (26) who created with or developed AI. The 
scientists consisted of doctoral students (eight), postdoc
toral researchers or senior lecturers (seven), assistant or 
associate professors (eight), and professors (five). All 
scientists worked in universities and were part of 
research groups. Their work included research and, in 
some cases, teaching. The scientists represented the 

domains of computer science in which they worked – 
for example, machine learning, data science, data 
mining, or natural language processing. In these 
domains, they applied and developed varying AI techni
ques. We selected the participants by recognizing key 
AI-focused research groups from five universities in 
Finland. From these research groups, we aimed to select 
researchers at varying career stages, including group 
leaders (i.e., a professor or associate professor), postdoc
toral researchers, and PhD students. We approached the 
scientists by e-mail, and those who were available and 
willing participated. Most researchers in these groups 
were men (n = 20), which is common in the computer 
science field (Sax et al., 2017).

Out of the 26 artists, 13 worked full-time as profes
sional artists, whereas the rest had miscellaneous profes
sions – for example, in artistic research, art education, or 
programming. Eighteen of them had formal art educa
tion. Their main domain can be deemed new media art, 
or arts that involve applying or developing novel med
iating tools (Biggs, 2009). Some artists were also 
involved in other domains, such as the performing 
arts, music, or the visual arts, but they all had experience 
in new media art. The AI methods that the artists used 
include, for instance, machine vision, machine learning, 
and neural networks. Such methods are common in AI- 
based art (Elgammal et al., 2017; Gatys, Ecker, & Bethge, 
2016). Participants who were at the intersection of 
science and the arts were classified as artists when they 
primarily identified themselves as such. The artists were 
selected via an online search, and more artists were 
included through a snowball technique (Tracy, 2019, 
p. 136). The artists comprehensively represented the AI- 
related artists of Finland, as the field is not very large. 
Only three artists were women, sharing similar demo
graphics to those in computer science.

Data and methods

We collected the research data in the spring and summer 
of 2020. We used the semi-structured thematic interview 
method, where each interview has the same question 
pattern but the interviewer can ask additional questions 
during the interview if needed (Adams, 2015, p. 493). 
We chose this method because it accommodates an open 
discussion and supplemental questions. Due to the 
COVID-19 outbreak, all interviews but four were 
arranged via a videoconferencing tool. We understand 
that online interviewing brings about certain issues that 
must be considered (see, e.g., Lee & Hollister, 2020). To 
ensure the ethical integrity of the research, we provided 
an exhaustive information sheet regarding the research 

Table 2. Definitions of human-AI co-creativity.
Definition of co-creativity Reference

Open-ended search, [. . .] can be stimulated through 
playful interaction

Bray & Brown 
(2016, p. 96)

Humans and computers improvise in real time to 
generate a creative product

Davis (2013, p. 10)

People and computers contribute “in a blended 
manner” and an interaction occurs [. . .] both [. . .] 
can influence or inspire each other, and the 
computer acts as a computer colleague

Fabiano et al. 
(2017, p. 1)

Computational systems whose behavior can be 
deemed creative [. . .] novelty, surprise, 
interestingness and value

Canaan et al.  
(2018, pp. 1–3)
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to the participants and acquired an informed consent 
form from each informant. All informants were ensured 
anonymity. The research plan received approval from 
the Ethics Committee for Human Sciences at the 
University of Turku.

Each interview was recorded and transcribed. The 
lengths of the interviews varied between 30 and 80 min
utes, with the average interview being 50 minutes long. 
In the interviews, we asked the participants questions 
regarding AI and creativity, and we let them describe 
their personal creative processes. The informants were 
introduced to the topic of co-creativity and were asked 
to share their personal experiences, or in the absence of 
such experiences, they were asked to share examples of 
human–AI co-creativity that they were familiar with. 
We paid attention to how the informants described AI, 
particularly in relation to creative experiences and pro
cesses. We also focused our attention on the role that AI 
reportedly played in the participants’ work.

We examined the interviews via a content analysis, 
which is a common qualitative analysis method used to 
summarize and describe key results from large amounts 
of data (Krippendorff, 2018, pp. 24–27). To answer 
research question one (How do scientists and artists define 
creativity), we identified the key elements of creativity 
from the interviewees’ definitions of creativity. One defi
nition usually included several elements. Each definition 
was coded (i.e., assigned a label that accurately described 
the definition); this approach is known as a conventional 
content analysis (Hsieh & Shannon, 2005, p. 1279). To 
answer research question two (Are the definitions of crea
tivity different between artists and scientists? If yes, how), 
we compared the definitions to identify similarities and 
differences between the definitions of creativity that the 
scientists and artists provided. We then performed 
a similar analysis to answer research question three 
(What is the role of AI in the creation process of artists 
and scientists). Through this question, we discovered how 
the participants defined AI and described creation pro
cesses with AI. In the next section, we present the results 
of our study in greater detail.

Creativity from the perspectives of scientists 
and artists who work with AI

Creativity definitions

In the definitions of the interviewees, all five elements of 
creativity (i.e., actor, process, outcome, domain, and 
space) were present. The actor, process, and outcome 
elements were the most common elements, whereas 
domain and space were included less often. Most defini
tions included multiple elements (Table 3).

The actor was mostly referred to as human with such 
terms as “myself,” “we,” “human,” “artist,” and “user.” Most 
actors recognized that any human can be creative. More 
than a quarter (n = 14) of the participants specifically 
defined creativity as a human trait, or “what makes us 
human” (Artist 9). Artists particularly used themselves as 
examples of creative actors and emphasized a strong inter
est in making art as well as exploring new ideas (Glaveanu 
et al., 2013). A few scientists and artists called AI a creative 
actor.

Definitions of creativity as a process included mentions 
of specific abilities, such as the ability to invent or create 
new outcomes (n = 22), the ability to combine existing 
information (n = 14), the ability to find a solution or solve 
a problem (n = 13), and the ability to explore new ideas or 
concepts (n = 12). Similar concepts are widely recognized in 
research on creativity (e.g., Boden, 2004; Csikszentmihalyi 
& Sawyer, 2014; Runco, 1994; Runco & Acar, 2012). 
Thirteen interviewees defined creativity as “finding” or 
“searching” for possible new ideas, methods, or approaches, 
particularly at the beginning of a new research or art pro
ject. These are examples of the divergent thinking process 
(Runco, 1994; Runco & Acar, 2012). Some artists also 
included the environment and nonhuman objects, includ
ing AI, in the process.

The outcome element included examples of ideas, 
concepts, art pieces, or inventions. The most common 
outcome attribute was novelty. For some, an incremen
tal step in everyday life (“little c”) was enough, whereas 
others described famous innovations or art pieces 
(“big C”) (Simonton, 2013, p. 71).

Things that perhaps already existed in the world but 
[that] had not [ever] been combined before. (Artist 19)

Table 3. Definitions of creativity provided by the scientists (S) 
and artists (A).

Definitions of creativity Elements of creativity S A All

Ability(a) to create or invent(p) new 
outcomes(o)

Actor, Process, 
Outcome

14 8 22

Ability(a) to combine(p) information, 
ideas, etc.(o)

Actor, Process, 
Outcome

5 9 14

Part of human characteristic or life(a) Actor 7 7 14
Exploring(p) new ideas, approaches, 

etc.(o)
Process, Outcome 7 6 13

Finding(p) a solution(o) or solving(p) 

a problem(o)
Process, Outcome 6 6 12

Outcome that is useful and/or 
valuable(o)

Outcome 10 0 10

Interaction(p) with peers or the 
environment (a, d)

Actor, Process, 
Domain, Space

1 6 7

Surprising (a, d) Actor, Domain 1 5 6
Subjective, depends on the 

audience(d)
Domain 3 0 3

Breaking(p) the rules of reality(s) Process, Space 0 2 2

Each definition was analyzed along the five elements of creativity, i.e. 
(a) = actor; (p) = process; (o) = outcome; (d) = domain; (s) = space.
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The act [of creating] something new. It might be tangi
ble or intangible [. . .]. You can create a new type of 
airplane, [. . .] you can create a new piece of music. 
(Scientist 13)

Of all of the elements, domain and space were men
tioned the least often in the definitions of creativity and 
appeared to be rather implicit. Creativity processes hap
pen in relation to domain and space (Glaveanu et al., 
2013; Lubart & Guignard, 2004). Moments of interac
tion with peers and the environment enhance creativity 
(e.g., Csikszentmihalyi & Sawyer, 2014; Fischer et al., 
2005) and intertwine the process with space (Amabile 
et al., 1996; Hautala & Jauhiainen, 2014). For example, 
Artist 12 described creativity as one’s existence “in active 
space.” Interestingly, the scientists more often than the 
artists brought up domain through discussing the 
domain-specific evaluations of the outcomes. Some 
artists discussed domain from the perspective of social 
interaction and cooperation.

Creativity is [. . .] coming up with something novel – 
that the community considers novel. (Scientist 11)

Creativity is born within the human community [. . .], it 
emerges from the cooperation with others. (Artist 6)

As these definitions demonstrate, similar elements of 
creativity are valued across the domains of computer 
science and the new media arts (cf. Baer, 2010). 
Moreover, many participants recognized the affinities 
between the domains, particularly via AI. For example, 
Artist 23 noted that developing AI and machine learning 
models requires creativity and stated that “it is a big 
creative effort to transfer data into a form that 
a machine learning model can use.” Likewise, Scientist 
17 explained that “creating a [computer] program or 
writing a paper is mostly artistic work.” However, the 
results also revealed certain differences that point to the 
domain specificity of creativity.

Differences in the creativity definitions: scientists 
and knowledge, artists and play

Scientists and artists have key differences in their defini
tions of creativity, realized through the elements of pro
cess and outcome. The differences are further connected 
to the idea of play in artists’ creativity process, whereas the 
scientific creativity process is aimed at producing out
comes approved as knowledge. The artists often defined 
creativity from their personal perspectives on the creation 
process, which they described based on feelings, practices, 
past experiences, and exploration. Artists’ creativity is 
a state of being: “you live in this flow where artistic work 
and thought is present all the time. It is a part of life” 

(Artist 12). Notably, many artists described this process as 
play and also used other play-related concepts, such as 
spontaneity, surprise, freedom, boredom, idleness, and 
boldness, to break the rules of reality (cf. Lundman, 2012).

[Creativity is] taking a playful approach [toward] every
thing, being curious, enthusiastic, and not afraid of 
failure. It’s courage to seize the moment and [. . .] to 
try things that seem impossible at first. (Artist 3)

The sample included six artists who, in addition to 
artistic work, had experience with conducting science. 
They provided useful insights into the differences 
between creativity in science and the arts:

The scientific process is somewhat gradual because crea
tivity must be verified. The methods [in the arts and 
science] are similar, meaning that you develop an inter
est in a phenomenon and begin to research it. The tools 
are, of course, different. (Artist 7)

The scientists described the creativity process as one in 
which the outcome – which must meet the demands of 
knowledge in the domain – is considered early on. 
Decisions and actions in the creative process must be 
justified, explained, and verified, and creativity must 
occur within the rules of the domain. For instance, 
Scientist 3 found it most creative when they were “think
ing outside of the box and trying things no one else has 
done.” At the same time, they recognized that the results 
are “too different compared [with] the mainstream to get 
them published in the top journals.” For example, defying 
the zeitgeist is challenging (Sternberg, 2018a). In some 
cases, however, the rules can prompt a different 
approach to creativity:

Certain laws of computation and mathematics set the 
rules that cannot be broken, but in a way, there are 
infinite possibilities to utilize those rules. [. . .] the pro
cess where we invent new things [. . .] is undeniably 
creative thinking. (Scientist 20)

Outcome was mentioned in 72 summarized definitions 
of creativity (Table 3), and the scientists stated 60% of 
these. A total of 10 scientists (38% of all scientists) but 
no artists mentioned the definition of creativity as an 
“outcome that is useful and/or valuable” (Table 3). 
Novelty and value are very often used attributes in the 
creativity research (Boden, 2004; Puryear & Lamb, 
2020), but in this sample, they existed mostly in the 
definitions of scientists. On the contrary, some artists 
challenged the idea that creativity is justified through the 
usefulness and value of creative acts or outcomes. For 
them, it is not common to measure creativity through 
external factors – for example, with benefit or merit 
(Grant, 2018). Instead, creativity is considered to have 
“intrinsic value” (Artist 22).
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Roles of AI in creativity in science and arts

So far, the results have demonstrated how artists and 
scientists who create with AI define creativity. Next, we 
connect creativity with the role of AI and answer 
research question three, which concerns the role of AI 
in artists’ and scientists’ creation processes. In general, 
the scientists and artists described AI as a method, tech
nology, and tool that learns or evolves (14 scientists, six 
artists). Opinions about the intelligence of AI were mul
tifaceted. Many participants note that AI, or a certain 
function of AI, “is or at least appears intelligent” 
(Scientist 19), as it “imitates the intelligent behavior of 
humans” (Artist 6). Here, many interviewees differen
tiated between appearing intelligent and being “truly” 
intelligent, arguing that AI often fails the latter: “[AI has] 
no intelligence in a real sense [. . .], it’s mimicking intel
ligent behavior” (Scientist 25). On that note, many par
ticipants speculated whether “general AI” is possible 
(Boden, 2016, pp. 21–22):

I don’t believe [independently creative AI] is going to be 
achievable, but we can always provoke, [. . .] and that’s 
part of the fun of doing the artist’s work. (Artist 16)

The issue of intelligence relates to the question of 
whether AI can be creative. Twelve interviewees found 
the question of AI’s creativity to be difficult and answered 
it ambiguously. Twenty-four interviewees considered 
that AI can be creative, either by itself (n = 12) or 
(only) with a human (n = 12). Most agreed that the 
answer depends on how creativity is defined or what 
type of AI is used. For instance, if an audience considers 
an outcome generated via AI to be creative – for example, 
it passes the Lovelace test (Bringsjord et al., 2001) – it can 
be called creative. Some scientists had personally worked 
on AI that mimicked the human creativity process:

[I] prefer to think of what aspects of human creativity 
can be done by computers and then [think] about how 
to go about that. (Scientist 4)

However, the participants also pointed out how creative 
action is challenging for AI. Sixteen participants 
doubted or opposed the idea that AI can be creative. 
For instance, Scientist 2 explained that the self- 
evaluation of a machine is mostly superficial, and “the 
machine can, for example, evaluate the phonetics of 
a poem, but it cannot understand the meaning [of the 
poem].” Some participants noted how AI lacks crucial 
components for creativity, such as intention, motiva
tion, self-evaluation, and the ability to interpret results 
or recognize discovery (see also, Davis, 2013; Hawkins, 
2021; Mitchell, 2019). Here, the concept of conscious
ness comes into play – particularly the question of 
whether AI can exhibit it:

I think that the lack of [the] ability to recognize 
a discovery makes AI not creative. (Scientist 11)

If self-consciousness is related to creativity, then I don’t 
think AI can be creative. (Artist 8)

Thus, the role of humans is critical when one is analyz
ing and interpreting the AI-produced outcomes. As 
Scientist 22 described, “[AI] can only calculate what 
they have in terms of data, but humans can also think 
beyond the data.”

The limitations of independently creative AI direct 
the focus toward co-creative AI. The majority (65%) of 
those who answered the question of whether AI can be 
creative supported this notion, as many described the 
process of creation with AI from the perspective of co- 
creativity. Some emphasized the “human-in-the-loop” 
(Chung, 2021) relationship, where, for instance, 
“a human gives an example that an AI then follows and 
occasionally asks for the human’s opinion” (Scientist 5). 
Many participants who dismissed AI as independently 
creative agreed that it can support the creative process. 
For instance, Scientist 25 noted that if the creative pro
cess is understood as coming up and testing new ideas, 
“[AI] is essential for the testing.”

However, everyday work with co-creative AI divided 
opinions between the scientists and the artists. Many 
scientists emphasized that they did not use co-creative 
AI, and many contemplated whether such AI would be 
useful in science. Hence, most dismissed the idea of 
working with AI co-creatively: “for me, [the idea of 
creating things together with AI] sounds romanticized” 
(Scientist 20). Artists, most of whom use creative AI 
methods, were instead more open to the idea of working 
together with AI. Several of them recognized co- 
creativity in their own work. Take, for example, Artist 
19, who explained that using AI “is co-creativity because 
you create things that cannot exist without that tool.” 
Moreover, as Artist 8 pointed out, AI does not have to 
be “intelligent” to participate in the process, and the 
artist can nevertheless “find new interesting possibilities 
[with AI].” This is in alignment with posthuman per
spectives, when a creative outcome is “co-constructed” 
in a mutual interaction between the artist and AI (Ihde, 
1990; Latour, 2013; Rose, 2017).

AI as a trusted or playful companion in science and 
arts

Scientists and artists have described various ways in 
which AI has enhanced their creative processes. For 
instance, AI has helped with exploring new possibilities, 
testing models, verifying hypotheses, creating new out
comes, or, in general, “making the lives of humans easier” 
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(Artist 6). In a further analysis of the role of AI in co- 
creativity processes, an interesting difference between 
scientists and artists emerges. This difference is further 
linked to the differences between artists’ and scientists’ 
definitions of creativity – namely, science and knowl
edge (Simonton, 2004; Sternberg, 2018b), as well as the 
arts and play (Glaveanu et al., 2013; Lundman, 2012; 
Glaveanu et al., 2013). The core of co-creativity is the 
interaction between humans and AI (Davis, 2013), 
which we describe as a trusted companion in science 
and a playful companion in the arts.

For scientists, AI needs to be a “trusted companion” 
that works properly and does not make mistakes. 
Achieving this requires the careful development of AI, 
which Scientist 13 described as planting seeds in a pot 
and then watering and nurturing them – “the tool [. . .] 
rises from the pot when it is ready.” Although most 
scientists in this sample did not recognize a co-creative 
relationship with AI in their own work, they mentioned 
several ways in which AI enhanced their work or made it 
easier: “we use machines and algorithms to analyze 
[data] because they do it very quickly and correctly, and 
there’s less [of a] chance of mistakes” (Scientist 22). With 
their trust in AI, they can verify hypotheses and create 
justified and explainable knowledge, although some 
found the idea of malfunctioning AI to be intriguing:

It would be entertaining to show the results we get when 
the models produce something silly [. . .] to show all [of] 
the things the machine can do if it does not work. 
(Scientist 16)

For artists, AI can be a playful companion that can 
produce surprising and interesting results. What scien
tists would deem an AI error may be a source of a new 
idea for an artist. For instance, Artist 14 described their 
experience with errors during programming:

It’s a classic thing in coding [. . .]. You had a certain goal 
you wanted to reach, but then you made a mistake, and 
you look at it and think, ‘Oh, this is much better than 
I had in mind. Let’s follow it. (Artist 14)

For some artists, the unexpected results embody the crea
tivity of AI: “the digital errors or the little faulty parts are 
absolutely a part of [AI’s] creativity” (Artist 21). They 
deliberately aimed for unanticipated outcomes by testing 
systems with different settings and parameters. Here, AI 
enhances the artistic creative process by prompting out-of- 
the-box thinking and completely new ideas. Thus, the 
artists were more prone to recognizing co-creativity with 
AI in their work as opposed to the scientists. We explore 
these results further, along with the implications and lim
itations of this study, in the following discussion section.

Discussion and conclusions

Co-creativity with AI – the new focal point of 
creativity research

The present paper contributes to the need to revisit the 
definitions of creativity in the era of AI. Although crea
tivity is a disputed concept, the definitions center on five 
elements – actor, process, outcome, domain, and space – 
across academic debates. Recently, scholars have scruti
nized AI’s potential to influence creativity and creation 
processes (Daniele & Song, 2019; Miller, 2019). Whether 
we should understand creativity from a perspective that 
is human centered, AI centered, or in between (co- 
creativity) is a discussion we bring into the Creativity 
Research Journal. Whereas the creativity research is 
increasingly complemented by AI-related studies 
(Daniele & Song, 2019; Fujita, 2018; Mazzone & 
Elgammal, 2019), the concept of co-creativity is still 
rather unknown in the field. Co-creativity – for example, 
blending the creativity of humans and AI in an inter
active process (Karimi et al., 2020, p. 22) – is mainly 
studied within computer science. Such studies mostly 
utilize pre-arranged empirical settings and rarely dispute 
the definitions of creativity (see Kantosalo & Riihiaho, 
2019; Karimi et al., 2020; Lin et al., 2020).

Our pioneering empirical study focused on the use of AI 
in computer scientists’ and new media artists’ everyday 
creativity processes. Computer science and new media art 
are considered to be creative domains that have a long 
history together (Bullot et al., 2017), and they are at the 
forefront of developing and pioneering AI (Fujita, 2018; 
Jeon et al., 2019). However, the domains also have distinct 
features (Florida, 2014; Kaufman, 2012), particularly in 
terms of outcome and audience. Thus, scientists and artists 
offer interesting variety in their views in the context of 
creativity, and furthermore with AI. We present 
a comparative setting of the two domains, with data con
sisting of interviews with 52 Finland-based computer scien
tists and new media artists.

The definitions of creativity from the participants of 
this study adhered to the ones known in creativity 
research, as all five creativity elements (actor, process, 
outcome, domain and space) were present. The scien
tists and artists had similar descriptions regarding the 
actor and process elements. However, the outcome ele
ment revealed key differences between the two groups. 
Several scientists affiliated outcome with usefulness and 
value, whereas many artists opposed the idea of certain 
criteria for outcomes or creativity in general. The results 
highlight the different demands of the two domains. 
Scientists need to meet the strict rules of the domain to 
produce new knowledge (Sternberg, 2018a). Artists, on 
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the contrary, can express themselves without require
ments from the domain (Glaveanu et al., 2013; Grant, 
2018). Next, we examine the results in the context of AI 
and co-creativity, as we present the three main contri
butions of this paper.

AI challenges the elements of creativity

As the first contribution, we show that the understand
ing of some creativity elements may change in the era of 
AI (see also, Daniele & Song, 2019; Miller, 2020). 
Whereas the creative actor is often synonymous to the 
human in creativity research, nearly half of the partici
pants considered that AI can be creative, too. Here, 
views on the creative process and its outcome, as well 
as how AI matches the creative process and outcome 
criteria, influence the understanding of a “creative 
actor.” For instance, some participants noted that 
machines can simulate the creative process or parts of 
it, such as divergent thinking (Stevens & Zabelina, 2020) 
or problem-solving (Colin et al., 2016). Furthermore, 
many common definitions of creativity (Boden, 2004; 
Puryear & Lamb, 2020) focus on novel and valuable 
outcomes, which AI arguably can produce. Therefore, 
AI can be included within these definitions, and it chal
lenges the understanding of human-centered creativity.

On the other hand, creative AI causes tension with 
the human-centered perceptions on creativity. The lack 
of certain human traits was a critical reason why one- 
third of the participants opposed the idea of creative AI. 
For instance, scientists and artists are needed to develop 
and program AI that cannot act independently, and AI’s 
lack of intention or motivation was also mentioned (cf. 
Mazzone & Elgammal, 2019). Moreover, although AI 
can “pass the Lovelace test” (Bringsjord et al., 2001) – 
for example, create outcomes that the audience deems 
creative – it cannot give meaning to such work. Thus, for 
many participants, acting consciously is an essential 
requirement that AI does not meet. This also indicates 
that, for some, creativity is inherently a human experi
ence (Ragot et al., 2020).

Regarding domain, the results show how AI is used 
differently in two distinct domains, computer science 
and the new media arts. Computer scientists need pre
cise AI models to create justified and trustworthy knowl
edge. Meanwhile, new media artists use AI and its 
mistakes playfully to create interesting and surprising 
artwork. However, we also support Miller’s (2020) argu
ment that AI fuses science and the arts. Some computer 
scientists considered developing AI to be artistic work, 
and many new media artists said they needed computer 
science-related skills to use AI. Moreover, both groups 
included people who had collaborated in multi-domain 

projects where scientists and artists worked together 
with AI. Such collaboration might break the boundaries 
of domain-specific requirements and consequently open 
doors for new ideas and innovation.

Co-creativity explains creativity in the era of AI

As the second contribution, we argue that the concept of 
co-creativity should be incorporated into the creativity 
research in the era of AI (e.g., Kantosalo & Toivonen, 
2016). In the results, the artists recognized co-creativity 
in their work. Although the scientists were more 
opposed to calling the AI they used co-creative, they 
also identified various ways in which they used AI in 
their creative processes. The participants used AI to test 
data, verify hypotheses, explore solutions, and create 
new outcomes, among other tasks. Moreover, as AI 
cannot work intentionally or consciously, humans are 
required to interpret, develop, and create meaning for 
the outcomes that AI produces. In these occasions, AI 
mediates the human experience (Ihde, 1990), and 
human–AI interaction is realized “on a shared task in 
real time” (Karimi et al., 2020, p. 22).

Thus, the results, as well as previous research (cf. 
Anantrasirichai & Bull, 2022), demonstrate how AI is 
increasingly used in various stages of the creative pro
cess. The concept of independently creative AI remains 
disputed; this turns the question from independently 
creative AI to co-creativity, that is, how and when AI 
can best contribute to the creativity process. Co- 
creativity brings together the distributed, process and 
posthuman perspectives of creativity (Glaveanu & 
Kaufman, 2019; Meusburger et al., 2009; Roudavski & 
McCormack, 2016) and thus explains AI’s role in con
temporary creative processes. This also highlights co- 
creativity as a temporal and spatial process; in some 
moments, human–AI co-creativity emerges, and along 
the process, the distribution of co-creativity changes. 
Such a process is also spatial, which in this empirical 
study was an implicit element of co-creativity.

Implications, limitations, and directions for future 
research

Finally, as the third contribution, we present two sugges
tions to the developers of (co-)creative AI. We support 
efforts to develop co-creative AI that augments human 
creativity instead of replacing it (Anantrasirichai & Bull, 
2022, p. 589). We found various examples of human–AI 
interaction that could be deemed co-creative. However, in 
this sample, the scientists did not recognize a co-creative 
relationship with AI in their work, whereas many artists 
noted that they worked co-creatively with AI. This 
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demonstrates how co-creativity is understood as an inter
action with a specific type of AI, and most of the current co- 
creative AI is developed in the field of arts. However, we 
suggest that AI be developed in a co-creative direction in 
other domains, too, considering the domain-specific 
demands as well as the uniqueness of everyday creative 
processes. For example, based on our results, AI needs to 
be transparent and trustworthy in science, and it must be 
playful and surprising in the arts. We encourage collabora
tion with social scientific creativity research to understand 
co-creativity from distributed and posthuman perspectives 
as well. In the future, co-creativity can expand to describe 
creative human–AI interaction on a more comprehensive 
level.

When studying a novel phenomenon with little pre
existing empirical research, a qualitative study is 
a justified choice. For a qualitative study, the present 
paper included vast empirical material. Our results can 
be applied to these domains internationally and, to some 
extent, beyond the domains to cover quantitative science 
and the digital arts. However, as a limitation of this study, 
we note that each participant has a unique creative pro
cess. The participants also use different types of AI, which 
might influence how they perceive co-creativity with AI. 
Moreover, certain pressing issues in the current AI- 
related research, such as ethical and legal questions, or 
the impact of AI on medicine, decision-making, or the 
labor market were beyond the scope of this research.

With these limitations in mind, we turn to future 
research. This study can be a stepping stone for 
a broader study of the use of AI in various domains. 
For instance, a survey could be used to estimate the 
influence of co-creativity on the skills required in the 
future labor market, organization, and management 
(Su, Togay, & Côté, 2021), or to study data bias and 
ethical issues (Kaplan & Haenlein, 2019). Ethical issues 
are relevant from the perspective of co-creativity as 
well (Müller, 2021). For instance, bias behind AI tech
nology can be harmful for science, where the results 
must be trustworthy and transparent. In terms of AI- 
related ethics in the arts, the authorship and autonomy 
of AI is a greatly debated issue (Browne, 2022). We 
argue that co-creativity can explain the complex 
human–AI relationship and support artists in this mat
ter, as it acknowledges the roles of both humans and AI 
in the process and does not strip artist of their creative 
share.

Concluding words

In conclusion, should creativity be redefined in the era 
of AI? Our answer is twofold. On the one hand, no. 
Scientists and artists who have long worked with AI 

still define creativity via the same five elements (actor, 
process, outcome, domain, and space) that adhere to the 
common creativity definitions. Moreover, the concept of 
creative AI remains disputed, and humans remain cen
tral in the creative tasks. On the other hand, considering 
how AI is increasingly used in creative processes, we 
argue that yes – creativity in the era of AI must be 
revised to co-creativity. The future possibilities of 
human–AI co-creativity are endless, and we are only 
beginning to explore them. This requires a shift from 
human-centered creativity studies to co-creativity 
research that explains the co-constituted, complex, and 
spatial process between humans and AI.
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