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ABSTRACT

Generative artificial intelligence (GenAI) is transforming the way people approach creative problem-solving (CPS). Whereas pre-

vious technologies were only used as creativity tools, GenAlI can also be conceived as an actor taking on different roles that adds

a collaborative element to individual CPS processes. So far, research on augmenting CPS with GenAI has focused on creative

cognition. In this article, we use a metacognitive perspective as a unique lens to conceptualize AI-augmented approaches to CPS

and explore the implications of AI-augmented creative cognition. Based on this, we propose that the collaboration with GenAI
in CPS shifts a part of human attention away from executing to monitoring and controlling creative cognition. These imposed
metacognitive demands have important implications for our theoretical understanding of AI-augmented CPS and how people
can better actualize the creative potential of GenAl. Future research directions and empirical approaches for understanding and

addressing these metacognitive demands are discussed along with practical implications for applying CPS.

1 | Introduction

Solving problems creatively has long been regarded as a uniquely
human ability, an assumption that is now being challenged by
the development of technological potential of generative arti-
ficial intelligence (GenAI;, Moura 2023). Transformer-based
language models such as ChatGPT have risen to a level that
matches human performance in generating outcomes that are
commonly considered ‘creative’ (Guzik et al. 2023; Haase and
Hanel 2023). In some studies, ideas generated by ChatGPT were,
on average, even rated more ‘creative’ than ideas created by hu-
mans (Bohren et al. 2024). Some scholars have argued that the
outputs of GenAl only represent an artificial type of creativity
that lacks other defining elements of human creativity such as
intentionality (Runco 2023) or experiencing satisfaction with
the outcome (Abraham 2024). Others asserted that GenAI only
builds on existing knowledge, limiting the likelihood of com-
ing up with radical breakthroughs (Cropley and Cropley 2023).

However, as human input is still needed to provide direction, the
most likely scenario of GenAl application is not automation but
rather augmentation of creative thinking (Marrone et al. 2024).
Thus, besides comparing the outcomes and results of GenAl
versus human creative efforts, another line of research explores
GenAl as a tool for augmenting human creativity (O'Toole
and Horvat 2024). In this regard, large field experiments in
the context of knowledge workers have already demonstrated
that people performed significantly better on creative problem-
solving (CPS) tasks when they had access to GenAI (Dell'Acqua
et al. 2023; Dell’Acqua et al. 2025; Noy and Zhang 2023).

Although the outputs of both GenAI and human creativ-
ity may appear similar, there are likely to be important dif-
ferences in how these outputs are obtained (Holyoak 2024).
Thus, augmenting creative thinking with GenAI may also
affect internal creative processes (Aru 2025). Raisch and
Fomina (2024) conceptualized the collaboration of people
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with GenAlI as a new form of ‘hybrid problem-solving’. In
this regard, scholars have begun to explore the many appli-
cations of GenAl for creativity and innovation management
(Gama and Magistretti 2025). This has involved explaining
Al-augmented CPS across different creative process stages
(Bouschery et al. 2023; He et al. 2023), at different organi-
zational levels (Grilli and Pedota 2024), and for producing
a variety of types of desired creative outcomes (Ivcevic and
Grandinetti 2024).

Contributing to this line of research, we use a metacognitive per-
spective in this article to theoretically explore the implications of
augmenting creative cognition with GenAlI. At its core, meta-
cognition refers to thinking about thinking (Flavell 1979) and
describes how people become aware of and can actively adapt
their cognitive processes such as generating ideas. Thus, creative
metacognition refers to people's ability to monitor and control
their creative cognition such as recognizing that their ideas are
not original enough and choosing a different approach to gen-
erating ideas (Lebuda and Benedek 2023). In other words, cre-
ative metacognition involves ‘... a combination of self-knowledge
(being aware of one's creative strengths and limitations) and
contextual knowledge (knowing when, where, how, and why)
to be creative’ (Kaufman and Beghetto 2013, 160). Although
the relevance of metacognition in CPS is widely acknowledged
(e.g., Kennett and Ackerman 2023; Lebuda and Benedek 2025;
Urban and Urban 2025), it has not yet been systematically dis-
cussed in exploring AI-augmented creative processes. Yet, this
is important as the capabilities of GenAI such as the collabo-
ration in natural language are distinct from previous technolo-
gies and impose metacognitive demands on users (Tankelevitch
et al. 2024). Thus, we argue that fully actualizing the creative
potential of GenAl requires a better understanding of the meta-
cognitive implications of AI-augmented creative cognition.

More specifically, we propose in this article that by increasing
the speed and volume of information processing, GenAlI shifts a
part of human attention away from executing to monitoring and
controlling creative cognition. Further, GenAI adds a collabora-
tive element to individual creative processes that requires addi-
tional metacognitive knowledge, monitoring and control. This
has important implications for our theoretical understanding of
Al-augmented CPS, as well as developing the relevant skills to
address these metacognitive demands in practice.

We provide a foundation for these arguments by briefly review-
ing the role of cognition and metacognition as well as their link-
ages in contemporary theories of CPS. Based on this, we develop
propositions concerning the metacognitive demands of AI-
augmented creative cognition as well as the potential of GenAI
to augment creative metacognition. We conclude with a vista for
future research pointing towards promising research questions
and empirical approaches to advance our understanding of AI-
augmented CPS.

2 | Cognition and Metacognition in CPS
In a broad sense, creativity can be conceived as a ‘... special class

of problem-solving activity characterized by novelty, uncon-
ventionality, persistence and difficulty in problem formulation’

(Newell et al. 1962, 63). In this regard, CPS is a process ‘for ap-
proaching a problem in an imaginative way resulting in effective
action’ (Noller 1977, 5). Within this process, both creative cogni-
tion and metacognition are dynamically intertwined. To build a
foundation for our discussion on the metacognitive demands of
Al-augmented approaches to CPS, we first outline common ele-
ments of creative cognition and metacognition and discuss their
linkages within CPS.

2.1 | Cognition in CPS

Cognition has been defined as acquiring knowledge and under-
standing through mental processes such as awareness, compre-
hension, reasoning, judgement and information processing (De
Houwer et al. 2017). We refer to creative cognition as the cog-
nitive processes involved in CPS to produce creative outcomes
such as associative thinking or analogical reasoning (Ward and
Kolomyts 2019). Despite the nuanced variety within the various
CPS models published in the literature, there is general agree-
ment regarding the kinds of stages and functions of cognition in-
volved in CPS (see Mumford and Fichtel 2025, or Sawyer 2012 for
reviews). It is generally accepted that the CPS process includes
identifying and selecting broad opportunities and construct-
ing well-defined problems (Abdulla et al. 2020; Reiter-Palmon
et al. 2024). Acquiring knowledge, data and information also
plays a key role (Harms et al. 2020). Generating ideas, which has
been most often associated with creativity, is a well-established
stage of CPS (Peterson and Pattie 2024). Further, there is a dif-
ference between ‘raw’ ideas and more elaborated concepts (Hua
et al. 2022), which is why most CPS models also emphasize the
selection and development of potential solutions and gaining ac-
ceptance for their implementation (Watts 2023).

At its core, cognition in CPS involves a dynamic interplay be-
tween divergent (i.e., generating multiple options) and conver-
gent (i.e., narrowing and focusing the options) thinking (Cortes
et al. 2019; Pinkow 2023). This is inherent in common creative
process theories and can occur throughout the creative process
such as generating and focusing on different ways of framing a
problem or generating and selecting ideas as solutions to prob-
lems. It is often emphasized that the switching between these
processes (i.e., allowing first for divergence to broaden the
pool of available options before evaluating them) increases the
number of creative solutions (Reiter-Palmon et al. 2024; Wigert
et al. 2024). From an aggregated perspective, people may gener-
ally converge on promising options in later stages of the creative
process. Yet, from a nuanced perspective, more iterative cycles
of divergence and convergence may appear (Dooley and Van de
Ven 2016). For example, divergence may become more confined
within targeted directions when moving from raw ideas to elab-
orated concepts or prototypes (Litchfield 2008). In the natural
progression of creative cognition in CPS, the switching between
these two kinds of thinking can happen so fast that they seem to
occur concurrently (Goldschmidt 2016).

As the nuanced differences of divergent and convergent think-
ing in different stages of CPS are not relevant for our arguments
in this article, we focused on the widely used double-diamond
model as a simplified and more abstract representation of the
CPS process (Freisinger and McCarthy 2024; Kochanowska and
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FIGURE1 | Creative cognition and metacognition in CPS.

Gagliardi 2022). This simplified model focuses on the so-called
problem and solution spaces that describe the available pool of
options to understand and solve a specific problem (represented
by the diamond shapes in Figure 1). As illustrated in Figure 1,
other more nuanced CPS stages that are described in the liter-
ature can be subsumed as subprocesses involved in exploring
the problem or solution space. For example, Isaksen's (2023) CPS
model, which has been identified as one of the more comprehen-
sive and widely used frameworks (Benedek and Lebuda 2024),
includes six stages. His notion of constructing opportunities,
exploring data and framing problems can be seen as a more nu-
anced perspective on exploring the problem space. His notion
of generating ideas, developing solutions and building accep-
tance can be seen as a more nuanced perspective on exploring
the solution space. The dynamic interplay between divergent
and convergent thinking can occur across all these stages
(Isaksen 2023). Thus, from this simplified perspective, creative
cognition can be understood as all divergent and convergent
cognitive processes that are involved in broadening and deep-
ening the search for alternatives within the problem and solu-
tion space.

There are different approaches how people can engage in di-
vergent and convergent creative cognition. This includes, for
example, imaginary, associative, analogical or combinatorial
thinking (Ward and Kolomyts 2019) as well as using external or
internal stimuli and explicit (i.e., systematic) or implicit (i.e., in-
tuitive) cognitive processing (Wang 2019). Different approaches
to engaging in creative cognition may correspond with different
creative outcomes that vary, for example, in their degree of nov-
elty (Pinkow 2023).

Further, divergent and convergent creative cognition can be
deliberately facilitated with creativity techniques that pro-
vide structured procedures aimed at evoking certain creative
cognitive processes and are also referred to as CPS tools (Van
Gundy 1981; Vernon et al. 2016). Although the terms are often
used interchangeably, we refer to tools as concrete artefacts and
techniques as the way people are using these artefacts to engage
in divergent or convergent creative cognition. For example, a
long-established CPS tool that facilitates divergent thinking is
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Building Acceptance

Creative
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Space Control
¢«— Convergent oy
Thinking Monitoring

)
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Knowledge of CPS
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morphological synthesis (Allen 1962) that provides a structured
template for generating alternative options by combining differ-
ent possible manifestations of key components of an underlying
problem or a potential solution. If an individual needed to iden-
tify different options for creating a pizza, they could identify pa-
rameters like potential doughs for the crust, its possible shapes,
toppings or sauces. If the individual generated 10 options for
each of those four parameters, the result would be 10,000 alter-
natives. The tool does not actually engage in divergent creative
cognition; it provides a concrete organizing structure within
which creative cognition takes place. An example of an estab-
lished tool that facilitates convergent thinking is the evaluation
matrix (Parnes 1966) that provides a structure for systematically
evaluating a small number of promising possibilities against
several different explicit criteria.

Different tools and techniques support distinct approaches to
divergent and convergent creative cognition such as facilitating
the generation of paradigm-preserving or paradigm-breaking
ideas (McFadzean 1998). Although some tools may be best ap-
plied for a specific stage or purpose, most tools are aimed at ei-
ther divergent or convergent thinking and can be applied within
any stage of the CPS process (Isaksen 2023). Whereas creative
cognition in CPS refers to the actual production of creative out-
comes, metacognition determines how people engage in creative
cognition such as deliberately choosing or adapting CPS tools
and techniques that correspond to the perceived task require-
ments in a particular situation.

2.2 | Metacognition in CPS

Based on the seminal work of Flavell (1979), metacognition
refers to the active monitoring and control of cognitive pro-
cesses. As such, metacognition plays a causal role in higher
order cognitive processes such as self-regulation (Rhodes 2019;
Winne 2018) or executive function (Follmer and Sperling 2016;
Roebers 2017). These higher order processes provide for the
planning, monitoring, controlling and adapting of lower, or
first-order, cognitive processes such as those involved in cre-
ative cognition. Pesut (1990, 107) was among the first scholars
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who deliberately linked metacognition to stages of the creative
process and indicated:

... creative thought is conceptualized as a function of
attention/awareness deployment. It is hypothesized
that in a given context it is possible for an individual
to ‘be aware of being aware’ or consciously invoke
the use of creativity technologies in order to guide
thinking and behavior in an effort to generate creative
associations that are useful to the development of a

desired outcome.

Creative metacognition involves three interrelated compo-
nents (i.e., metacognitive knowledge, monitoring and control)
that govern how people engage in creative cognition (Lebuda
and Benedek 2023). First, metacognitive knowledge consists of
declarative knowledge including what individuals know about
creativity tools, CPS processes and creative outcomes, as well
as their strengths and weaknesses regarding their creative
cognition such as their creative abilities or styles (Kaufman
and Beghetto 2013). This knowledge guides the selection,
evaluation and correction of cognitive strategies. Further,
it includes procedural knowledge that relates to knowledge
about how to engage in creative cognition and apply creativ-
ity techniques (Pinkow 2023). This also includes knowledge
about the conditions when and why to use cognitive strategies
and skills effectively (Kallio et al. 2018). Second, metacogni-
tive monitoring in CPS refers to the ability to plan, monitor
and evaluate the effectiveness of creative cognition (Lebuda
and Benedek 2023). This involves an awareness of the current
approach to creative cognition including an understanding of
the task requirements and ongoing appraisal of the outcomes,
such as evaluating the creativity of the ideas that were gen-
erated so far. It also includes metacognitive experiences and
feelings as an affective component such as the overall per-
ception of the relative ease or difficulty of creative cognition
(Puente-Diaz and Cavazos-Arroyo 2022). Third, metacogni-
tive control in CPS relates to the regulation of creative cog-
nition and includes adjusting task goals, distributing time
and attention and selecting creativity tools and techniques
(Lebuda and Benedek 2023).

Asillustrated in Figure 1, the three components of creative meta-
cognition are dynamically interrelated. Metacognitive knowl-
edge serves as the foundation for monitoring and controlling
creative cognition. For example, people may perceive that the
fluency of idea generation is relatively low (i.e., monitoring) that
signals them a need to adapt their approach to creative cognition
(i.e., control), which, in turn, shifts the attention of monitoring.
Reflection on these metacognitive experiences in CPS (e.g., what
worked well or not) can build metacognitive knowledge. In this
sense, the breadth and depth of people's declarative (i.e., theo-
retical) and procedural (i.e., practical) metacognitive knowledge
determine the range of metacognitive strategies they can apply
during CPS process engagement.

The relevance of creative metacognition has been widely
acknowledged and empirically supported (e.g., Benedek
and Lebuda 2024; Lebuda and Benedek 2025; Urban and
Urban 2023a, 2025). In essence, this means that when people

engage in creative metacognition, they take a reflective and
adaptive approach to CPS and are more likely to produce cre-
ative outcomes. Further, metacognition is a skill that can be de-
liberately developed via training (De Boer et al. 2018; Stanton
et al. 2021) or induced by external interventions such as using
self-regulatory prompts to evoke metacognitive thinking when
involved in CPS (Zielinska et al. 2025). Although most research
in this area has focused on generating ideas as creative out-
comes (Jia et al. 2019), scholars have more recently stressed
the importance of taking a process perspective and focusing
on different CPS stages such as framing problems (Linnell and
Reiter-Palmon 2023).

Historically, many models of CPS have depicted the process as
a predetermined, linear sequence of stages. In contrast, contem-
porary research has stressed the iterative nature of creative pro-
cesses (Sawyer 2021) and has promoted a descriptive approach
to outlining the stages of CPS (Isaksen 2023). Whereas prescrip-
tive models are normative and dictate the sequence and manner
of applying CPS, descriptive approaches outline the stages as an
open dynamic system (Rott et al. 2021). This promotes a more
agentic role of the individual problem-solver in the CPS process
who ‘must construct his or her own process approach in a per-
sonally meaningful way’ (Isaksen and Treffinger 2004, 89).

Rather than running through a predetermined sequence of
stages, individuals need to make intentional choices and plan
their journey based on what may be fit for their purposes. For
example, people may need to dynamically iterate between
and among the various CPS stages to explore the problem and
solution space. This allows for readjusting their approach and
switching from one stage to another. For example, individuals
can obtain an important insight while they are engaged in de-
veloping solutions. Perhaps applying certain criteria has pointed
to an area for which they need further generation of ideas or
redefining the underlying problem (Lopez-Persem et al. 2024).
This could also occur within a specific stage. For example, while
converging during idea generation, individuals may recognize
the need for further divergent generation of ideas. This sort of
iteration and shifting can occur among all stages and between
efforts to diverge or converge. Making these choices reflects an
aspect of metacognitive control based on an ongoing monitoring
of relevant task contingencies (Lebuda and Benedek 2023).

When individuals are working within any stage, they will
also need to select certain tools and techniques to help them
diverge or converge. Deciding which tools are appropriate to
use under what circumstances, as well as when people need
to switch between different tools, also requires metacog-
nitive monitoring and control, for example, choosing tools
that are more likely to produce incremental or radical op-
tions (Gryskiewicz and Taylor 2007). Following the genera-
tion of alternatives, contingencies include the quantity of the
options to consider as well as the kind of convergent think-
ing that is required (e.g., organization, evaluation, analysis,
prioritization or development). Some CPS focusing tools are
more appropriate for considering a larger number of options,
and others are better suited for considering a smaller number
(Isaksen 2023). If a large quantity of ideas were generated, it
is likely that the problem-solver could experience high cogni-
tive load (Hernandez Sibo et al. 2024). In this case, intuitive
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rather than deliberate selection is often more practical to nar-
row down the options (Sukhov et al. 2021). If people have a
manageable number of ideas, the reduction can also be ac-
complished more deliberately by sorting or clustering ideas
(Tassoul and Buijs 2007). In this sense, declarative knowledge
determines the range of creative thinking tools people are
aware of and procedural knowledge determines the range of
techniques in which people can engage in creative cognition
(Pinkow 2023).

GenAI was certainly not the first technology that influenced
how people approach CPS. For example, electronic brain-
storming technologies and group decision support systems
have a long history in assisting ideation processes (Maaravi
et al. 2020). The development of numerous internet-based and
software resources also proliferated during the 1990s. For ex-
ample, Isaksen et al. (1994) identified more than a few dozen
software resources designed to support the various stages
of CPS. None of these are available today as they have been
replaced by newer technology. Similarly, we currently see a
proliferation of different tools that build on the capabilities of
GenAI to automate or augment specific tasks such as generat-
ing or evaluating ideas that are explicitly or implicitly linked
to different stages of CPS. Although technology coemerged
with approaches to CPS, the development of GenAl is, so far,
the most transformative technology as it goes beyond an appli-
cation as a mere tool.

3 | AI-Augmented Approaches to CPS

Artificial intelligence broadly refers to the ability of machines
to perform tasks and solve problems in a way that people would
consider as ‘intelligent’” in human problem-solving (Wingstrom
et al. 2022). Performing a broad set of these cognitive functions
completely independently would characterize strong or general
ATl that remains, at least currently, science fiction as most ‘intel-
ligent’ systems mimic human intelligence in narrow domains
and need human input to perform or augment specific cognitive
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functions such as those related to
et al. 2024).

creative thinking (Marrone

Following this notion, we focus on GenAl in this article as a
specific form of weak or narrow AI that can provide human-like
responses to natural language prompts (Schellaert et al. 2023)
and, therefore, enables a new form of hybrid problem-solving
(Raisch and Fomina 2024). This makes it distinct from previous
technologies such as electronic brainstorming tools (Maaravi
et al. 2020) as it goes beyond the application as a mere tool but
is also capable of interacting and collaborating as an actor in
the process by taking on different roles such as a personal assis-
tant, a brainstorming partner, or a potential customer (Anthony
et al. 2023; Boussioux et al. 2024).

The key argument proposed in this article is that the aug-
mentation of cognitive processes in CPS with GenAI places
unique metacognitive demands on people. As displayed in
Figure 2, we argue that the flexible capabilities of GenAI re-
quire a distinction between task- and Al-oriented metacogni-
tion. Finally, GenAI imposes not only metacognitive demands
but can also augment metacognitive processes in CPS. Each of
the propositions that are displayed in Figure 2 is described in
detail below.

The emerging literature on GenAl and creativity is dynam-
ically evolving and already includes many examples of Al-
augmented creative cognition in CPS. Creativity is often
defined from a product perspective as the generation of novel
and useful ideas (Runco and Jaeger 2012). As a result, it is not
surprising that most scholars focused so far on understand-
ing the impact of GenAI on idea generation (e.g., Bouschery
et al. 2024; Haase and Hanel 2023; Meincke et al. 2024).
As a complement, other scholars explored applications of
GenALl for evaluating ideas (e.g., Du 2023; Just et al. 2024).
Although there is less research attention on other stages
of CPS, there are also examples of applying GenAl in con-
structing opportunities such as recognizing entrepreneurial
opportunities (Truong et al. 2023); identifying, framing and
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defining problems (Garbuio and Lin 2021); exploring data
such as detecting patterns in large datasets (Shukla 2024); or
making sense out of qualitative data such as user interviews
(Morgan 2023). There are also examples of Gen Al applications
for developing solutions such as prototyping ideas (Bilgram
and Laarmann 2023) and building acceptance for ideas from
potential users and relevant stakeholders (Stige et al. 2024).

Although these examples show potential applications of GenAl
to augment creative cognition in exploring the problem and
solution space across different stages of CPS, scholars are
still debating how GenAI can be most effectively applied to
augment divergent and convergent thinking as key elements
within human creative cognition. For example, Raisch and
Fomina (2024, 6) recently defined hybrid problem-solving as
‘a search process that organizations use to solve problems by
combining human and artificial intelligence’ and argued that
AT can facilitate the breadth and depth of the search for poten-
tial problem definitions and solutions, whereas humans provide
direction for the process and select the best solutions. This is
what Bouschery et al. (2023) described as enlarged problem and
solution space in their discussion of the Al-augmented double-
diamond model, a logic that we adopted with the enlarged di-
amond shapes in Figure 2 to visualize the dynamics between
Al-augmented creative cognition and metacognition in CPS.

However, there are also more critical perspectives on the po-
tential of GenAlI to facilitate divergence, which is often seen as
the driving force of novelty. For example, chances are very low
that GenAlI on its own broadens the search space with ideas
that are ‘new to the world’ or at least recognized as original
by experts in the fields that is in line with what Kaufman and
Beghetto (2009) defined as pro and big C creativity (Marrone
et al. 2024). Thus, some scholars see limited potential in
GenAl for facilitating divergence or argue that relying too
much on GenAl may even hinder innovation by decreasing
the likelihood of coming up with radically new or paradigm-
breaking ideas, as GenAlI builds only on the recombination
of existing knowledge (Cropley and Cropley 2023; Doshi and
Hauser 2024). This paradigm-breaking level of creativity
happens only rarely and takes time to develop (Kaufman and
Beghetto 2009). However, GenAl is likely to come up with
ideas that bring new insights for people or that laypeople
would consider as novel or original (Haase and Hanel 2023;
Ivcevic and Grandinetti 2024). This fits Kaufman and
Beghetto's (2009) notion of mini or little ¢ creativity, which
refers to an everyday level of creativity. On that everyday level
of creativity, augmenting brainstorming sessions with GenAlI
can significantly increase individual creative performance
(Bouschery et al. 2024). Thus, in the context of our focus on in-
dividual engagement in CPS, we propose that Al-augmented
divergent thinking has the potential to broaden the search
space in each CPS stage.

Proposition 1a. Augmenting divergent thinking in CPS with
GenAl broadens the search space.

Although some scholars see more potential in GenAlI to aug-
ment divergence, others are arguing for its potential to augment
convergent phases of creative processes. For example, Grilli and
Pedota (2024, 6) recently stated that:

In the realm of convergence, where the objective is
unambiguous and pre-specified, Al and humans may
even reach qualitatively similar outcomes, but the
former usually do so much more effectively.

This is consistent with Guilford's (1968) traditional understanding
of convergence as moving towards a single best option. It also as-
sumes that there are clear evaluation criteria allowing for the un-
ambiguous identification of the best options in a particular context.
Yet, this is often not the case as the evaluation of ideas in practice is
often subjective and context-dependent (Hua et al. 2022). Further,
ambiguity is inherent in the creative process because even if peo-
ple think that they have a clear image of their desired creative out-
come, it may change during the process when they discover new
insights and redefine their success criteria. Thus, it is often not clear
what constitutes the ‘best” solution, which is why convergence in
CPS also involves iteratively defining criteria to develop an image
of potentially desirable solutions (Isaksen 2023). As GenAlI lacks
intention and forethought (Runco 2023), this kind of sensemaking
to guide decision-making in the CPS process remains with human
actors (Bouschery et al. 2023). However, this does not mean that
GenAlI cannot augment convergent thinking. Given its capacity
to process large amounts of information, GenAI can help people
to evaluate potential solutions more systematically, thus covering
the available search spaces more comprehensively and in greater
depth (Just et al. 2024; Raisch and Fomina 2024).

Proposition 1b. Augmenting convergent thinking in CPS
with GenAl deepens the search space.

In summary, we have argued that in context of CPS GenAl
can augment both divergent and convergent thinking pro-
cesses, resulting in extended human abilities to generate a
larger pool of potential options across different CPS stages and
evaluate available options more effectively. However, people
iterate frequently between divergent and convergent think-
ing within CPS (Isaksen 2023), and ‘frequent adjustments to-
ward broad and deep search likely cause cognitive overload in
boundedly rational humans’ (Eicke et al. 2024, 2). Based on
this logic of bounded rationality, we propose that people will
benefit most from a balanced augmentation of both processes
with GenAl, instead of putting more emphasis on one or the
other. In other words, the more options people generate with
the help of AI, the more they may be overloaded with this in-
creased amount of information (Hernandez Sibo et al. 2024)
when they need to decide which options they want to pursue
further. Effectively coping with this increased complexity
requires the capabilities of GenAlI to process large amounts
of information. This does not necessarily require GenAlI to
make meaningful judgements on its own, but only to converge
on a given pool of options through human-guided directions
by initially screening, clustering and evaluating potentially
promising options. There may be scenarios such as selecting
from a pool of crowdsourced ideas in which it makes sense to
focus primarily on augmenting the convergent processes with
GenAI (Just et al. 2024). However, in the context of individ-
ual creative cognition, divergent and convergent thinking is
closely intertwined (Pinkow 2023). In this sense, GenAlI ex-
tends human creative capabilities to engage in both divergent
and convergent thinking. This does not imply that more aug-
mentation is always better. We rather propose that a balanced
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augmentation of both types of creative cognition will be more
beneficial to the individual problem-solver compared with an
imbalanced augmentation of either divergent or convergent
thinking due to the imposed cognitive load. The more general
question regarding how much (if any) augmentation of CPS
with GenAI is beneficial in a specific situation is discussed
later when we elaborate on AI- and task-oriented creative
metacognition.

Proposition 1c. People will benefit most from a balanced
augmentation of divergent and convergent thinking processes with
GenAl in CPS.

Beyond extending human abilities to engage in divergent
and convergent thinking, augmenting CPS with GenAI also
increases the speed of information processing (Bouschery
et al. 2023; Marrone et al. 2024). Whereas generating and
focusing options in different stages of CPS take human ac-
tors some time, GenAlI produces the output within seconds
(Wingstrom et al. 2022). Based on the iterative nature of cre-
ative processes (Sawyer 2021), we argue that increased speed
of processing also increases the frequency of switching be-
tween different stages of CPS. For example, if people want to
explore potential solutions for a given problem, they could use
a GenAl tool such as ChatGPT to diverge on an initial prompt.
After reviewing the first set of options, they may decide to
further exploit this direction by simply asking GenAI for a
broader variety of options (i.e., broadening the search space).
Yet, by experimenting with different prompts, they may also
explore entirely different directions. Changing the prompt also
involves reframing the underlying problem (Sasson Lazovsky
et al. 2025). However, it requires much more time and cogni-
tive resources to manually diverge on multiple problem state-
ments. Although doing this was impractical without GenAl,
people can now easily get an image of how multiple potential
solution spaces might look like when they experiment with
different ways of framing the underlying problem. Further,
although it was also impractical to systematically evaluate a
large pool of options against specific criteria, GenAlI enables
people to experiment with different evaluation criteria (i.e.,
deepening the search space). In doing so, they can also decide
to elaborate on multiple consideration sets and pursue more
promising options in parallel for further development. In sum-
mary, we propose that GenAl enables people to switch more
frequently between different CPS stages based on their per-
ceived need for further broadening or deepening the problem
and solution space.

Proposition 2. Augmenting CPS with GenAlI leads to more
frequent switching between different CPS stages.

So far, we have discussed how GenAlI influences the scope and
dynamics of divergent and convergent thinking within cre-
ative cognition. By nature of the technology, Al-augmented di-
vergence and convergence depend on the human input in the
form of prompts to provide direction (Raisch and Fomina 2024).
Further, ‘as AI cannot work intentionally or consciously, hu-
mans are required to interpret, develop, and create meaning
for the outcomes that AI produces’ (Wingstrom et al. 2022,
12). This imposes metacognitive demands on people as individ-
ual problem-solvers (Tankelevitch et al. 2024) and, because of

dealing with these demands, shifts a part of human attention
away from the cognitive to the metacognitive processes in CPS.
Further, we argue that the new dynamics of Al-augmented cre-
ative cognition add a new dimension to creative metacognition
as they require not only task but also Al-oriented metacognitive
knowledge, monitoring, and control.

First, the metacognitive demands resulting from the augmen-
tation of creative cognition with GenAlI require that people
have more declarative and procedural knowledge about CPS.
This is the foundation to clearly translate the perceived de-
mands of the task into prompts and accurately evaluate the
options proposed by GenAI (Gmeiner et al. 2023). It also re-
quires more self-knowledge to assess how GenAI may help to
extend own creative strengths or cover weaknesses. Without
this knowledge, people may struggle in keeping up with the
increased speed of information processing and may not re-
alize when the interaction with GenAlI led them in a wrong
direction so that they fail to adapt their approach to CPS ac-
cordingly. Further, Al-augmented creative cognition requires
people to make their tacit knowledge explicit to formulate
clear instructions for what they need from GenAI. Thus,
all else equal, people with more declarative and procedural
knowledge about CPS should be better able to actualize the
potential of Al-augmented creative cognition.

Proposition 3a. Augmenting creative cognition in CPS with
GenAl requires more declarative and procedural metacognitive
knowledge about CPS processes, compared with engaging in CPS
without GenAl

In addition to task-oriented metacognitive knowledge, aug-
menting CPS with GenAlI requires Al-oriented metacognitive
knowledge as a second dimension. When appraising a task,
being able to assess available technological resources becomes
a key contingency for planning Al-augmented approaches to
CPS. This requires an extended theoretical (i.e., declarative) and
practical (i.e., procedural) knowledge compared with engaging
in CPS without GenAlI. For example, declarative knowledge in-
cludes knowing about the functions of available GenAI tools to
assess their strengths and weaknesses for different tasks and op-
erations within CPS. It also requires contextual knowledge re-
garding the relevance of different concerns about using GenAl
in a particular context such as data security issues. Procedural
knowledge includes knowing about how people can interact
with GenAI such as the basic functions of transformer-based
language models or the technical aspects of how they can write
effective prompts. Without this extended metacognitive knowl-
edge base, people have limited capacities to monitor and control
their ATl-augmented approach to CPS and cannot actualize the
full potential of GenAlI. For example, there is already empirical
evidence that knowledge about prompt engineering influences
how effectively people can use GenAl in creative processes
(Dell'Acqua et al. 2023; Weber et al. 2023).

Proposition 3b. Augmenting CPS with GenAl requires
declarative and procedural metacognitive knowledge about
GenAl technologies.

Second, even in common approaches to CPS without GenAl,
there is no shortage of tools and techniques reflecting the
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complexity of multiple possible approaches to CPS that people
may take (Isaksen and Treffinger 2004). Thus, task-oriented
metacognitive monitoring builds the foundation for steer-
ing people’s attention within CPS processes based on their
perceived need for broadening or deepening the problem or
solution space at any particular point in time. The metacog-
nitive demands imposed by the increased speed and amount
of processed information in Al-augmented creative cognition
require more task-oriented monitoring to appraise the extent
to which the current approach to CPS is still on track or needs
to be adapted. For example, the interaction with GenAI may
take people in entirely different directions, which they may
experience as inspiring or distracting in different situations.
Yet, for each iterative cycle of prompting and reviewing the
output of GenAl, people need to reflect on where they cur-
rently stand in relation to what they want to achieve, requir-
ing task-oriented monitoring (Tankelevitch et al. 2024). Thus,
we propose that the ability to accurately monitor task-oriented
contingencies enables people to better actualize the potential
of Al-augmented creative cognition.

Proposition 4a. Augmenting CPS with GenAl requires more
task-oriented metacognitive monitoring, compared with engaging
in CPS without GenAl

Beyond monitoring relevant task contingencies, people also
need to monitor their interactions with GenAl, adding another
dimension of metacognitive monitoring in Al-augmented CPS.
Although GenAl is not the first technology to support this pro-
cess, previous technologies such as electronic brainstorming
tools were not able to respond to natural language prompts and,
thus, more specialized to support specific tasks such as generat-
ing or evaluating options with a need for people to execute the
application of the tool. As a result, applying the tool required
constant human involvement in creative cognition. In these
cases, only task-oriented monitoring was required to appraise
the effectiveness of using either analogue or digital tools. The
unprecedented capabilities of GenAl go beyond the application
as a mere tool and have the potential to augment human cre-
ative abilities more holistically by acting as a collaboration part-
ner (Anthony et al. 2023; Boussioux et al. 2024). For example,
people can decide to specialize and outsource specific tasks such
as information search entirely to GenAl, to ask GenAlI to refine
human-generated content or to teach GenAl to refine its own
content (Dell'Acqua et al. 2023; He et al. 2023). This illustrates
that GenAl can engage in autonomous, sequential or interactive
problem-solving (Raisch and Fomina 2024), which does not nec-
essarily require simultaneous human involvement in the same
cognitive processes. In this regard, GenAlI can take on different
roles such as a personal assistant or a cocreative partner, which
adds a collaborative element to individual CPS processes. As a
result, people need not only to continuously monitor different
task contingencies but also how they interact with GenAI and
which role it should take on in the process.

Proposition 4b. Augmenting CPS with GenAlI requires Al-
oriented metacognitive monitoring.

Third, augmenting CPS with GenAlI also requires an extended
approach to metacognitive control. As described earlier, meta-
cognitive monitoring and control are inextricably linked. For

example, people may perceive difficulty in coming up with new
ideas, and after reflecting on this experience based on their
metacognitive knowledge, they decide to use a different cre-
ativity technique as a tool to facilitate their divergent creative
cognition. In doing so, they refocus their attention on their meta-
cognitive monitoring.

GenAl as a tool can mimic and augment creativity techniques
such as prompting ChatGPT to use morphological synthesis
for exploring different options like in the pizza-making exam-
ple above. There are also more specialized creative thinking
tools that offer prespecified functions such as providing sug-
gestions for questioning assumptions of the underlying prob-
lem to augment human creative thinking without the need to
write an explicit prompt (Maiden et al. 2022). In this regard,
the growing number of available GenAl tools increases the
range of metacognitive strategies that people can apply, if they
have the declarative and procedural metacognitive knowl-
edge of these tools. Yet, making these choices also imposes
metacognitive demands on people as some of them may be ap-
plied more effectively than others to augment specific types of
creative thinking. For example, Grilli and Pedota (2024) pro-
posed that linear (vs. erratic) creative processes will benefit
most from AT augmentation because of streamlining the com-
plex human-machine interactions. Yet, intuitive approaches
to creative thinking may be better suited in some circum-
stances (Matzler et al. 2014). Therefore, based on their ongo-
ing monitoring of relevant task contingencies, people need to
constantly control when it is appropriate to augment CPS with
GenALlI and, if so, which tools may work best for whom under
what circumstances (Isaksen 2023).

Proposition 5a. Augmenting CPS with GenAl requires more
task-oriented metacognitive control, compared to engaging in CPS
without GenAl

In addition to task-oriented control, people also need to de-
cide how they want to collaborate with GenAlI as an actor in
the CPS process. For example, in context of sales agents, Jia
et al. (2024) found that outsourcing some elements of people's
work to GenAlI assistants (i.e., identifying and calling poten-
tially interested customers) increased the creativity that peo-
ple exhibited in their daily work. This only resulted if they
were skilled enough to keep up with the more complex cog-
nitive processing. In context of crowdsourcing ideas for cir-
cular economy business opportunities, Boussioux et al. (2024)
found that interactive problem-solving with GenAlI as a cocre-
ative partner yielded better results than letting GenAI work
on its own after an initial prompt. In context of consulting,
Dell’Acqua et al. (2023) found that both sequential and inter-
active search could improve CPS performance but that knowl-
edge workers with access to GenAlI also made more mistakes
when tasks were more ambiguous. In summary, this illustrates
that there is no universally effective strategy for collaborating
with GenAI in CPS and that Al-oriented metacognitive con-
trol is required to adapt the collaboration strategy to the re-
spective situation and switch between different collaboration
roles in the process if necessary.

Proposition 5b. Augmenting CPS with GenAl requires Al-
oriented metacognitive control.
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So far, we have argued how the augmentation of creative cog-
nition with GenAI leads to an increased volume and speed of
information processing that imposes metacognitive demands on
people, which become manifest in an increased need for both
task- and Al-oriented metacognitive knowledge, monitoring
and control. Beyond that, GenAl can also be used to augment
metacognitive processes in CPS.

This is still an emerging research area, but there are already
some examples of Al-augmented metacognition in the liter-
ature on human-computer interaction, where the idea of
technology-supported metacognition is not new (Bentvelzen
et al. 2022). For example, Tankelevitch et al. (2024) argued
that GenAlI can support user's metacognition by making sug-
gestions for planning activities such as decomposing tasks
or asking reflective questions that facilitate metacognitive
monitoring. Yang et al. (2024) discussed a tool that provided
real-time visual biofeedback of the emotions of designers to
support their metacognitive monitoring. Yang and Xia (2023)
argued in a similar direction when they discussed how Al-
driven educational support systems can enhance student's
metacognition by providing more real-time responsiveness,
for example, by evaluating facial expressions. Yeo et al. (2024)
used GenAl to implement self-reflection nudges in context of
online deliberation platforms. In summary, this supports the
notion that GenAl can augment metacognition by providing
information (i.e., extending the metacognitive knowledge
base), reflective questions to increase awareness of cognitive
processes (i.e., metacognitive monitoring) and suggestions for
adapting the current approach to a task or problem (i.e., meta-
cognitive control).

In this sense, GenAl can take on the role of a mentor or coach
that guides people through the CPS process. Zha et al. (2024)
tested a prototype of such an intelligent agent with middle
school students and found that it improved their engagement in
CPS as well as the quality of the generated outcomes. In other
words, ‘such application of AI tools can augment human cre-
ativity not by providing ideas, but strengthening the process by
which human ideas are developed and built into tangible out-
comes’ (Ivcevic and Grandinetti 2024, 3). Based on the techno-
logical potential and the emerging evidence from prototypical
applications, we propose that GenAlI can extend people’s meta-
cognitive knowledge of both CPS and GenAlI, as well as support
people in monitoring and controlling their progress in solving
the problem and how they interact with GenAl. For example, if
people repeatedly prompt GenAl for generating ideas, it could
ask if they have a sufficiently clear understanding of the un-
derlying problem and provide suggestions for how they could
further explore the problem space or ask them to reflect about
which role GenATI should take on in the CPS process.

Proposition 6. GenAl can augment both task- and Al-
oriented creative metacognition in CPS.

In summary, the propositions that are shown in Figure 2 de-
scribe the potential of augmenting creative cognition and
metacognition in CPS with GenAlI. The core of our proposed ar-
guments is that augmenting creative cognition with GenAT also
imposes metacognitive demands that need to be addressed to
better actualize the creative potential of GenAI. This opens up

new directions for future research to enhance our understand-
ing of AI-augmented CPS.

4 | AVista for Future Research on AI-Augmented
CPS

The transformative capabilities of GenAlI are changing the way
people approach problem-solving and creativity (Boussioux
et al. 2024; Raisch and Fomina 2024). We contribute to the
emerging field of research at the intersection of GenAI and cre-
ativity by taking a metacognitive perspective on Al-augmented
CPS. The theoretical framework proposed in this article links
Al-augmented creative cognition and metacognition and opens
up four promising themes for future research: (i) exploring
the potential and risks of Al-augmented creative cognition in
CPS, (ii) understanding and (iii) addressing the metacognitive
demands of Al-augmented creative cognition in CPS and (iv)
exploring individual differences and situational contingencies
within organizational contexts. Table 1 includes sample re-
search questions and empirical approaches for exploring each of
these themes that we describe in more detail below.

First, regarding Al-augmented cognition, we proposed that
GenAlI broadens and deepens the search space in each CPS
stage. So far, most empirical research on Al-augmented creative
cognition focused on generating ideas as potential solutions to a
given problem statement (e.g., Bouschery et al. 2024; Dell'Acqua
et al. 2023; Dell'Acqua et al. 2025). This enables a controlled and
focused investigation of the potential of AI-augmented creative
cognition for exploring the solution space, but we also need more
comparative research on exploring the problem space as distinct
set of activities in the CPS process (Magistretti et al. 2025). For
example, randomly assigning participants to experimental con-
ditions in which they need to generate multiple problem state-
ments (vs. ideas as solutions to a given problem statement) and to
select the most promising options from this pool of alternatives
with and without GenAlI. This line of inquiry would enrich our
understanding of Al-augmented creative cognition across dif-
ferent stages of CPS.

Within this line of experimental research, scholars should also
explore if a balanced augmentation is indeed most effective as
we proposed in this article. For example, they could compare
different combinations of balanced and imbalanced augmenta-
tion of divergent and convergent thinking with non-augmented
control groups. In doing so, experimental tasks should involve
not only divergent (e.g., idea generation) and convergent (e.g.,
idea selection) tasks in isolation but rather in combination.

To explore the potential of AI-augmented cognition more com-
prehensively, we also need to know more about how different
types of creative cognition such as adapting, transferring, com-
bining and abstracting ideas (Pinkow 2023) can be effectively
augmented with GenAl. Further, since the seminal work of
Wallas (1926), we know that creative cognition involves not
only conscious but also unconscious processing and that incu-
bating on ideas improves creative performance (Liu et al. 2023).
Thus, we need to better understand how the increased speed of
processing with GenAl affects the frequency and quality of in-
cubation in Al-augmented creative cognition pointing towards
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potential negative effects of Gen Al on internal creative processes
(Aru 2025). We also know from early creative process theories
that intellectual illumination and emotional catharsis are inex-
tricably linked (Koestler 1964). For example, emotional states
influence how people engage in CPS (Langley 2018; Montag-
Smit and Keith 2023), and affective shifts from negative to pos-
itive emotions are associated with higher creative performance
(Bledow et al. 2013). As emotions are still uniquely human, fu-
ture research is needed to explore the influence of emotions on
how people can effectively collaborate with GenAI in CPS. A
promising empirical pathway to capture these intraindividual
differences is a combination of the experimental research tra-
dition in cognitive science with microlongitudinal and neuro-
scientific approaches to creativity research (e.g., Abraham 2018;
Beghetto and Karwowski 2019).

Second, we proposed that the increased volume and speed of in-
formation processing and the complexity of collaborating with
GenAl as an actor in Al-augmented creative cognition impose
metacognitive demands. However, experimental research de-
signs on bounded CPS tasks do not provide insights into the
kind of switching between the problem and solution space that
we proposed in this article. More specifically, a bounded CPS
task such as generating ideas on a clearly defined problem state-
ment limits the number of metacognitive strategies that people
can apply as they only need to focus on exploring the solution
and not the problem space (Reiter-Palmon et al. 2024). Thus,
these bounded CPS tasks impose less cognitive load on people
but also limit the range of metacognitive monitoring and control
that can be observed during task engagement (Hernandez Sibo
et al. 2024). Therefore, we suggest to use open CPS tasks that
allow for observing how people engage in creative metacogni-
tion to switch between exploring the problem and solution space.

Further, it will be helpful to build on the experimental designs
and established measures in the existing research on creative
metacognition such as the metacognition in CPS scale devel-
oped by Urban and Urban (2023b). In addition, we also need
more qualitative approaches such as think-aloud protocols (e.g.,
Berardi-Coletta et al. 1995; Sowden et al. 2020) to gain a better
understanding of how people interact with GenAIin CPSin dif-
ferent roles and switch between different collaborative search
practices. In doing so, it would be promising to capture the ac-
tual prompts that people used to interact with GenAlI and ex-
periment with different types of Al-augmented CPS tools. For
example, some tools try to augment analogue CPS tools with
GenAlI (Maiden et al. 2022) and require less input in the form
of prompts and, therefore, may also impose less metacognitive
demands compared with chatbots such as ChatGPT that offer
more flexible applications but also require more human direc-
tion. Tools that offer augmented cognition in real time (often
called ‘co-pilots’) such as autofill options or suggestions for
ideas when writing a text or brainstorming ideas on a virtual
whiteboard reflect a combination of both other types of tools
(Tankelevitch et al. 2024).

Third, we also need to better understand how the metacog-
nitive demands of Al-augmented creative cognition can be
addressed to better actualize the creative potential of GenAl.
Similar to understanding the metacognitive demands, we sug-
gest that research on addressing the metacognitive demands

should focus on experimental designs with open-ended CPS
tasks. However, for advancing our knowledge on how peo-
ple can address the metacognitive demands, scholars should
combine these open-ended tasks with interventions that focus
on either augmenting creative metacognition with GenAI or
training people to engage in Al-augmented CPS. For example,
experimental study designs could include micro interventions
such as the creative self-regulation prompts used by Zielinska
et al. (2025) to explore how people react to human and Al-
generated prompts when they are engaged in Al-augmented
CPS. Besides augmenting creative metacognition with GenAl,
scholars could also compare the effectiveness of interventions
that aim to enhance people's metacognitive knowledge, skills
and abilities to interact with GenAI such as the prompt engi-
neering instructions used by Dell'’Acqua et al. (2025). In addi-
tion to these types of focused interventions, future research
should also explore with longitudinal designs how established
approaches to creativity training (e.g., Isaksen 2023; McKay
et al. 2024; Puccio et al. 2006) need to be extended or adapted
to develop the metacognitive knowledge, skills and abilities
for effectively engaging in Al-augmented CPS. For example,
similar to Puccio et al. (2020), scholars could compare how
people with no, some and more advanced training in CPS en-
gage in Al-augmented CPS. Further, this line of inquiry could
compare different approaches to training people in CPS with
and without GenAl such using a sequential (training people in
CPS before they learn to use GenAl) or integrated (combining
CPS training with GenAI) approach.

Fourth, beyond isolated investigations of the cognitive and
metacognitive processes, we also need to gain a better under-
standing of their context and boundary conditions. Based on
systems theories of creativity (Hennessey 2017), a guiding ques-
tion in contemporary approaches to CPS is what works for whom
under what circumstances (Isaksen 2023). Building on this,
future research should explore relevant individual differences
and situational contingencies influencing how people engage
in Al-augmented CPS when working on representative tasks
in organizational contexts. For example, we know that people
have individual style preferences for how they engage in CPS
that also influence how they collaborate with each other (Main
et al. 2019). On a group level, people engage in social metacog-
nitive monitoring and control (Halmo et al. 2022; Richardson
et al. 2023) to create a shared understanding of social roles and
collective practices, which is typically supported by a process
facilitator (Wrébel et al. 2021). In this regard, it is likely that
Al-augmented approaches to CPS will extend our contemporary
understanding of facilitation by requiring not only facilitation of
the collaboration among human actors but also between human
actors and GenAlI Thus, we need to know more about how the
proposed dynamics of task- and Al-oriented metacognition ex-
tend to the group level. Adding group dynamics to the exper-
imental designs described above would be a natural next step
in moving forward. Dell’Acqua et al. (2025) recently provided
an example of a field-experimental study suggesting that GenAI
can compensate for some benefits of teamwork in collaborative
CPS. Similar to this example, future studies in this direction
should triangulate different sources of data such as individual
perceptions, objective performance measures and observations
of group dynamics to gain a more holistic understanding of AI-
augmented CPS in organizational contexts.
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It is important to note here that our framework and the future
research directions discussed above are, by no means, exhaus-
tive. Rather, our framework should be regarded as a first attempt
to understand Al-augmented CPS not only from a cognitive but
also from a metacognitive perspective. Although our proposi-
tions are grounded in theory and the emerging literature on Al
and creativity, they still need empirical validation. In this re-
gard, we echo Von Krogh's (2018) call for a phenomenon-driven
theorizing of GenAlI in CPS as a new phenomenon. Similar to
the integration of metacognitive elements within contemporary
CPS frameworks resulting from reflective practice (Isaksen and
Treffinger 2004), understanding Al-augmented approaches to
CPS should also be informed by reflective practice. Moving in
this direction, scholars could build on the guidelines recently
offered by Cornelissen (2023) to gain a more holistic under-
standing of phenomena by triangulating propositional, config-
urational and process theorizing.

Despite these limitations and the need for empirical validation,
our framework also offers practical implications. Although the
research on Al-augmented CPS is still emerging, many organi-
zations are already experimenting with GenAl. Based on what
we proposed in this article, Al-augmented approaches to CPS
still require people to engage in creative cognition. Thus, there is
still value for organizations to invest in creativity training as an
effective means for developing creativity-relevant skills (McKay
et al. 2024; Puccio et al. 2020) Yet, organizations also need to
be aware that GenAI adds new dynamics to how people engage
in CPS as it is not just another digital tool but can also take on
the role of a new actor in the process. Therefore, in addition to
developing creativity-relevant skills in training programs, peo-
ple need to acquire theoretical and practical knowledge about
how they can effectively collaborate with GenAI in CPS. By en-
couraging reflective experimentation, organizations can signal
employees where it is safe to try GenAI and build metacognitive
knowledge by reflecting on these experiences.

5 | Conclusion

GenAl is transforming the way people approach CPS. Yet,
the most likely future will still not be dominated by machines
thinking creatively. At least currently, intentional thought and
emotional experience in machines are still science fiction and
remain uniquely human. However, at the same time, GenAT is
already able to mimic some aspects of human creative thinking
and match or even exceed human performance on bounded tasks
such as generating potential solutions for a particular problem.
Therefore, augmenting CPS with GenAlI has the potential to ex-
tend human creative abilities. Yet, as we have shown in this ar-
ticle, the increased speed and volume of information processing
in Al-augmented creative cognition and the collaboration with
GenAI as an actor in the CPS process also impose metacogni-
tive demands that have been widely overlooked so far. Managing
these demands has important implications for how people can
better actualize the creative potential of GenAl. Al-augmented
approaches to CPS are still an emerging phenomenon, and much
work remains to be done to improve our understanding of it. We
hope that the framework presented in this article will stimulate
future research in this regard and help to guide reflective prac-
tice in experimenting with the technology.

Acknowledgments

Open Access funding enabled and organized by Projekt DEAL.

Data Availability Statement

Data sharing is not applicable to this article as no new data were created
or analyzed in this study.

References

Abdulla, A. M., S. H. Paek, B. Cramond, and M. A. Runco. 2020. “Problem
Finding and Creativity: A Meta-Analytic Review.” Psychology of Aesthetics,
Creativity, and the Arts 14, no. 1: 3-14. https://doi.org/10.1037/aca0000194.

Abraham, A. 2018. The Neuroscience of Creativity. Cambridge University
Press. https://doi.org/10.1017/9781316816981.

Abraham, A. 2024. “Why the Standard Definition of Creativity Fails
to Capture the Creative Act.” Theory and Psychology 35, no. 1: 40-60.
https://doi.org/10.1177/09593543241290232.

Allen, M. A. 1962. Morphological Creativity: The Miracle of Your Hidden
Brain Power. Prentice-Hall.

Anthony, C., B. A. Bechky, and A -L. Fayard. 2023. ““Collaborating” With
Al Taking a System View to Explore the Future of Work.” Organization
Science 34, no. 5: 1672-1694. https://doi.org/10.1287/orsc.2022.1651.

Aru, J. 2025. “Artificial Intelligence and the Internal Process of
Creativity.” Journal of Creative Behavior 59, no. 2: e1530. https://doi.org/
10.1002/jocb.1530.

Beghetto, R. A., and M. Karwowski. 2019. “Unfreezing Creativity: A
Dynamic Micro-Longitudinal Approach.” In Dynamic Perspectives on
Creativity: Creativity Theory and Action in Education, edited by R. A.
Beghetto and G. E. Corazza, 7-25. Springer. https://doi.org/10.1007/978-
3-319-99163-4_2.

Benedek, M., and I. Lebuda. 2024. “Managing Your Muse: Exploring
Three Levels of Metacognitive Control in Creative Ideation.” Creativity
Research Journal: 1-12. https://doi.org/10.1080/10400419.2024.2347770.

Bentvelzen, M., P. W. Wozniak, P. S. F. Herbes, E. Stefanidi, and J.
Niess. 2022. “Revisiting Reflection in HCI.” Proceedings of the ACM on
Interactive, Mobile, Wearable and Ubiquitous Technologies 6, no. 1: 1-27.
https://doi.org/10.1145/3517233.

Berardi-Coletta, B., L. S. Buyer, R. L. Dominowski, and E. R. Rellinger.
1995. “Metacognition and Problem Solving: A Process-Oriented
Approach.” Journal of Experimental Psychology: Learning, Memory, and
Cognition 21, no. 1: 205-223. https://doi.org/10.1037/0278-7393.21.1.205.

Bilgram, V., and F. Laarmann. 2023. “Accelerating Innovation With
Generative AI: Al-Augmented Digital Prototyping and Innovation
Methods.” IEEE Engineering Management Review 51, no. 2: 18-25.
https://doi.org/10.1109/emr.2023.3272799.

Bledow, R., K. Rosing, and M. Frese. 2013. “A Dynamic Perspective on
Affect and Creativity.” Academy of Management Journal 56, no. 2: 432—
450. https://doi.org/10.5465/am;j.2010.0894.

Bohren, N., R. Hakimov, and R. Lalive. 2024. “Creative and Strategic
Capabilities of Generative Al: Evidence From Large-Scale Experiments.”
IZA Institute of Labor Economics Discussion Paper No. 17302. https://
www.iza.org/publications/dp/17302/creative-and-strategic-capabiliti
es-of-generative-ai-evidence-from-large-scale-experiments.

Bouschery, S. G., V. Blazevic, and F. T. Piller. 2023. “Augmenting Human
Innovation Teams With Artificial Intelligence: Exploring Transformer-
Based Language Models.” Journal of Product Innovation Management
40, no. 2: 139-153. https://doi.org/10.1111/jpim.12656.

Bouschery, S. G., V. Blazevic, and F. T. Piller. 2024. “Artificial
Intelligence-Augmented Brainstorming: How Humans and AI Beat

Creativity and Innovation Management, 2025

865


https://doi.org/10.1037/aca0000194
https://doi.org/10.1017/9781316816981
https://doi.org/10.1177/09593543241290232
https://doi.org/10.1287/orsc.2022.1651
https://doi.org/10.1002/jocb.1530
https://doi.org/10.1002/jocb.1530
https://doi.org/10.1007/978-3-319-99163-4_2
https://doi.org/10.1007/978-3-319-99163-4_2
https://doi.org/10.1080/10400419.2024.2347770
https://doi.org/10.1145/3517233
https://doi.org/10.1037/0278-7393.21.1.205
https://doi.org/10.1109/emr.2023.3272799
https://doi.org/10.5465/amj.2010.0894
https://www.iza.org/publications/dp/17302/creative-and-strategic-capabilities-of-generative-ai-evidence-from-large-scale-experiments
https://www.iza.org/publications/dp/17302/creative-and-strategic-capabilities-of-generative-ai-evidence-from-large-scale-experiments
https://www.iza.org/publications/dp/17302/creative-and-strategic-capabilities-of-generative-ai-evidence-from-large-scale-experiments
https://doi.org/10.1111/jpim.12656

Humans Alone.” Working Paper. Available at SSRN: https://ssrn.com/
abstract=4724068.

Boussioux, L., J. N. Lane, M. Zhang, V. Jacimovic, and K. R. Lakhani.
2024. “The Crowdless Future? Generative AI and Creative Problem-
Solving.” Organization Science 35, no. 5: 1589-1607. https://doi.org/10.
1287/orsc.2023.18430.

Cornelissen, J. P. 2023. “The Problem With Propositions: Theoretical
Triangulation to Better Explain Phenomena in Management Research.”
Academy of Management Review 50, no. 2: 342-365. https://doi.org/10.
5465/amr.2022.0297.

Cortes, R. A., A. B. Weinberger, R. J. Daker, and A. E. Green. 2019.
“Re-Examining Prominent Measures of Divergent and Convergent
Creativity.” Current Opinion in Behavioral Sciences 27: 90-93. https://
doi.org/10.1016/j.cobeha.2018.09.017.

Cropley, D., and A. Cropley. 2023. “Creativity and the Cyber Shock:
The Ultimate Paradox.” Journal of Creative Behavior 57, no. 4: 485-487.
https://doi.org/10.1002/jocb.625.

De Boer, H., A. S. Donker, D. D. N. M. Kostons, and G. P. C. van der
Werf. 2018. “Long-Term Effects of Metacognitive Strategy Instruction on
Student Academic Performance: A Meta-Analysis.” Educational Research
Review 24: 98-115. https://doi.org/10.1016/j.edurev.2018.03.002.

De Houwer, J.,, P. M. Barnes-Holmes, and Y. Barnes-Holmes. 2017.
“What Is Cognition? A Functional-Cognitive Perspective.” In Process-
Based CBT, edited by S. C. Hayes and S. G. Hofmann, 119-136. New
Harbinger Publications.

Dell’Acqua, F., C. Ayoubi, H., and Lifshitz-Assaf. 2025. “The Cybernetic
Teammate: A Field Experiment on Generative AI Reshaping Teamwork
and Expertise.” Harvard Business School Working Paper No. 25-043.
Available at SSRN: https://ssrn.com/abstract=5188231.

Dell’Acqua, F., E. McFowland IIT E. R. Mollick2023. “Navigating the
Jagged Technological Frontier: Field Experimental Evidence of the
Effects of AI on Knowledge Worker Productivity and Quality.” Harvard
Business School Working Paper No. 24-013. Available at SSRN: https://
ssrn.com/abstract=4573321.

Dooley, K., and A. Van de Ven. 2016. “Cycles of Divergence and
Convergence: Underlying Processes of Organizational Change and
Innovation.” In The SAGE Handbook of Process Organization Studies,
edited by A. Langley and H. Tsoukas, 574-590. Sage.

Doshi, A. R., and O. P. Hauser. 2024. “Generative AI Enhances
Individual Creativity but Reduces the Collective Diversity of Novel
Content.” Science Advances 10, no. 28: 1-9. https://doi.org/10.1126/
sciadv.adn5290.

Du, M. 2023. “Machine vs. Human, Who Makes a Better Judgment on
Innovation? Take GPT-4 for Example.” Frontiers in Artificial Intelligence
6: 1206516. https://doi.org/10.3389/frai.2023.1206516.

Eicke, A.-K., J. N. Foege, and S. Niiesch. 2024. “Iterative Alternative
Evaluation Within Human-Artificial Intelligence Problem-Solving: An
Extension to Raisch and Fomina's “Combining Human and Artificial
Intelligence”.” Academy of Management Review 50, no. 2: 480-481.
https://doi.org/10.5465/amr.2024.0135.

Flavell, J. H. 1979. “Metacognition and Cognitive Monitoring: A New
Area of Cognitive-Developmental Inquiry.” American Psychologist 34:
906-911. https://doi.org/10.1037/0003-066X.34.10.906.

Follmer, D. J., and R. A. Sperling. 2016. “The Meditating Role of
Metacognition in the Relationship Between Executive Function and
Self-Regulation.” British Journal of Educational Psychology 86, no. 4:
559-575. https://doi.org/10.1111/bjep.12123.

Freisinger, E., and I. P. McCarthy. 2024. “What Fails and When? A
Process View of Innovation Failure.” Technovation 133: 102995. https://
doi.org/10.1016/j.technovation.2024.102995.

Gama, F., and S. Magistretti. 2025. “Artificial Intelligence in Innovation
Management: A Review of Innovation Capabilities and a Taxonomy of

AT Applications.” Journal of Product Innovation Management 42, no. 1:
76-111. https://doi.org/10.1111/jpim.12698.

Garbuio, M., and N. Lin. 2021. “Innovative Idea Generation in Problem
Finding: Abductive Reasoning, Cognitive Impediments, and the
Promise of Artificial Intelligence.” Journal of Product Innovation
Management 38, no. 6: 701-725. https://doi.org/10.1111/jpim.12602.

Gmeiner, F., H. Yang, L. Yao, K. Holstein, and N. Martelaro. 2023.
“Exploring Challenges and Opportunities to Support Designers in
Learning to Co-Create With AI-Based Manufacturing Design Tools.” In
Proceedings of the 2023 CHI Conference on Human Factors in Computing
Systems. Association for Computing Machinery, 226.https://doi.org/10.
1145/3544548.3580999.

Goldschmidt, G. 2016. “Linkographic Evidence for Concurrent Divergent
and Convergent Thinking in Design.” Creativity Research Journal 28, no.
2:115-122. https://doi.org/10.1080/10400419.2016.1162497.

Grilli, L., and M. Pedota. 2024. “Creativity and Artificial Intelligence: A
Multilevel Perspective.” Creativity and Innovation Management 33, no.
2:234-247. https://doi.org/10.1111/caim.12580.

Gryskiewicz, S. S., and S. Taylor. 2007. Making Creativity Practical:
Innovation That Gets Results. Center for Creative Leadership.

Guilford, J. P. 1968. Intelligence, Creativity, and Their Educational
Implications. Knapp.

Guzik, E. E., C. Byrge, and C. Gilde. 2023. “The Originality of Machines:
AT Takes the Torrance Test.” Journal of Creativity 33, no. 3: 100065.
https://doi.org/10.1016/j.yjoc.2023.100065.

Haase, J.,, and P. H. P. Hanel. 2023. “Artificial Muses: Generative
Artificial Intelligence Chatbots Have Risen to Human-Level Creativity.”
Journal of Creativity 33, no. 3: 100066. https://doi.org/10.1016/j.yjoc.
2023.100066.

Halmo, S. M., E. K. Bremers, S. Fuller, and J. D. Stanton. 2022. “Oh,
That Makes Sense: Social Metacognition in Small-Group Problem
Solving.” CBE: Life Sciences Education 21, no. 3: 1-20. https://doi.org/
10.1187/cbe.22-01-0009.

Harms, M., R. Reiter-Palmon, and D. C. Derrick. 2020. “The Role
of Information Search in Creative Problem Solving.” Psychology of
Aesthetics, Creativity, and the Arts 14, no. 3: 367-380. https://doi.org/10.
1037/aca0000212.

He, V. F., Y. R. Shrestha, P. Puranam, and E. Miron-Spektor. 2023.
“Creative Together: Human-Al Ensembling for Idea Generation.”
INSEAD Working Paper No. 2024/51/STR/OBH. Available at SSRN:
https://ssrn.com/abstract=4603650.

Hennessey, B. A. 2017. “Taking a Systems View of Creativity: On the
Right Path Toward Understanding.” Journal of Creative Behavior 51, no.
4: 341-344. https://doi.org/10.1002/jocb.196.

Hernandez Sibo, I. P., D. A. Gomez Celis, and S. Liou. 2024. “Exploring
the Landscape of Cognitive Load in Creative Thinking: A Systematic
Literature Review.” Educational Psychology Review 36: 24. https://doi.
0rg/10.1007/s10648-024-09866-1.

Holyoak, K. J. 2024. “Why I Am Not a Turing Machine.” Journal of
Cognitive Psychology: 1-12. https://doi.org/10.1080/20445911.2024.
2395573.

Hua, M., S. Harvey, and E. F. Rietzschel. 2022. “Unpacking “Ideas” in
Creative Work: A Multidisciplinary Review.” Academy of Management
Annals 16, no. 2: 621-656. https://doi.org/10.5465/annals.2020.0210.

Isaksen, S. G. 2023. “Developing Creative Potential: The Power of
Process, People and Place.” Journal of Advanced Academics 34, no. 2:
111-144. https://doi.org/10.1177/1932202X231156389.

Isaksen, S. G., K. B. Dorval, and D. J. Treffinger. 1994. Creative
Approaches to Problem Solving. Kendall-Hunt.

Isaksen, S. G., and D. J. Treffinger. 2004. “Celebrating 50 Years of
Reflective Practice: Versions of Creative Problem Solving.” Journal of

866

Creativity and Innovation Management, 2025


https://ssrn.com/abstract=4724068
https://ssrn.com/abstract=4724068
https://doi.org/10.1287/orsc.2023.18430
https://doi.org/10.1287/orsc.2023.18430
https://doi.org/10.5465/amr.2022.0297
https://doi.org/10.5465/amr.2022.0297
https://doi.org/10.1016/j.cobeha.2018.09.017
https://doi.org/10.1016/j.cobeha.2018.09.017
https://doi.org/10.1002/jocb.625
https://doi.org/10.1016/j.edurev.2018.03.002
https://ssrn.com/abstract=5188231
https://ssrn.com/abstract=4573321
https://ssrn.com/abstract=4573321
https://doi.org/10.1126/sciadv.adn5290
https://doi.org/10.1126/sciadv.adn5290
https://doi.org/10.3389/frai.2023.1206516
https://doi.org/10.5465/amr.2024.0135
https://doi.org/10.1037/0003-066X.34.10.906
https://doi.org/10.1111/bjep.12123
https://doi.org/10.1016/j.technovation.2024.102995
https://doi.org/10.1016/j.technovation.2024.102995
https://doi.org/10.1111/jpim.12698
https://doi.org/10.1111/jpim.12602
https://doi.org/10.1145/3544548.3580999
https://doi.org/10.1145/3544548.3580999
https://doi.org/10.1080/10400419.2016.1162497
https://doi.org/10.1111/caim.12580
https://doi.org/10.1016/j.yjoc.2023.100065
https://doi.org/10.1016/j.yjoc.2023.100066
https://doi.org/10.1016/j.yjoc.2023.100066
https://doi.org/10.1187/cbe.22-01-0009
https://doi.org/10.1187/cbe.22-01-0009
https://doi.org/10.1037/aca0000212
https://doi.org/10.1037/aca0000212
https://ssrn.com/abstract=4603650
https://doi.org/10.1002/jocb.196
https://doi.org/10.1007/s10648-024-09866-1
https://doi.org/10.1007/s10648-024-09866-1
https://doi.org/10.1080/20445911.2024.2395573
https://doi.org/10.1080/20445911.2024.2395573
https://doi.org/10.5465/annals.2020.0210
https://doi.org/10.1177/1932202X231156389

Creative Behavior 38, no. 2: 75-101. https://doi.org/10.1002/j.2162-6057.
2004.tb01234.x.

Ivcevic, Z., and M. Grandinetti. 2024. “Artificial Intelligence as a Tool
for Creativity.” Journal of Creativity 34, no. 2: 100079. https://doi.org/10.
1016/j.yjoc.2024.100079.

Jia, N., X. Luo, Z. Fang, and C. Liao. 2024. “When and How Artificial
Intelligence Augments Employee Creativity.” Academy of Management
Journal 67, no. 1: 5-32. https://doi.org/10.5465/am;j.2022.0426.

Jia, X., W. Li, and L. Cao. 2019. “The Role of Metacognitive Components
in Creative Thinking.” Frontiers in Psychology 10: 2404. https://doi.org/
10.3389/fpsyg.2019.02404.

Just, J., K. Hutter, and J. Fiiller. 2024. “Catching but a Glimpse?
Navigating Crowdsourced Solution Spaces With Transformer-Based
Language Models.” Creativity and Innovation Management 33, no. 4:
718-741. https://doi.org/10.1111/caim.12612.

Kallio, H., K. Virta, and M. Kallio. 2018. “Modelling the Components
of Metacognitive Awareness.” International Journal of Educational
Psychology 7, no. 2: 94-122. https://doi.org/10.17583/ijep.2018.2789.

Kaufman, J. C., and R. A. Beghetto. 2009. “Beyond Big and Little: The
Four C Model of Creativity.” Review of General Psychology 13, no. 1:
1-12. https://doi.org/10.1037/a0013688.

Kaufman, J. C., and R. A. Beghetto. 2013. “In Praise of Clark Kent:
Creative Metacognition and the Importance of Teaching Kids When
(Not) to Be Creative.” Roeper Review 35, no. 3: 155-165. https://doi.org/
10.1080/02783193.2013.799413.

Kennett, Y. N., and R. Ackerman. 2023. “Creative Metacognition: A
Much-Needed Bridge Between Meta-Reasoning and Creativity.” Physics
of Life Reviews 47: 162-164. https://doi.org/10.1016/j.plrev.2023.10.006.

Kochanowska, M., and W. R. Gagliardi. 2022. “The Double Diamond
Model: In Pursuit of Simplicity and Flexibility.” In Perspectives on Design
II: Research, Education and Practice, edited by D. Raposo, J. Neves, and
J. Silva, 19-32. Springer. https://doi.org/10.1007/978-3-030-79879-6_2.

Koestler, A. 1964. The Act of Creation: A Study of the Conscious and
Unconscious Processes of Humor, Scientific Discovery and Art. MacMillan.

Langley, S. 2018. “Facilitating Positive Emotions for Greater Creativity
and Innovation.” In Individual, Relational, and Contextual Dynamics
of Emotions (Research on Emotion in Organizations, vol. 14), edited
by L. Petitta, E. J. Hartel, N. M. Ashkanasy, and W. J. Zerbe, 259-270.
Emerald Publishing Limited. https://doi.org/10.1108/S1746-97912
0180000014020.

Lebuda, I., and M. Benedek. 2023. “A Systematic Framework of Creative
Metacognition.” Physics of Life Reviews 46: 161-181. https://doi.org/10.
1016/j.plrev.2023.07.002.

Lebuda, I., and M. Benedek. 2025. “Contributions of Metacognition to
Creative Performance and Behavior.” Journal of Creative Behavior 59,
no. 1: 652. https://doi.org/10.1002/jocb.652.

Linnell, A., and R. Reiter-Palmon. 2023. “Creative Metacognition in the
Problem Construction Process: Comment on ‘A Systematic Framework
of Creative Metacognition’ by I. Lebuda & M. Benedek.” Physics of Life
Reviews 47: 177-178. https://doi.org/10.1016/j.plrev.2023.10.026.

Litchfield, R. C. 2008. “Brainstorming Reconsidered: A Goal-Based
View.” Academy of Management Review 33, no. 3: 649-668. https://
www.jstor.org/stable/20159429.

Liu, C., S. Tu, J. Guan, J. Ma, Z. Zhou, and Z. Shi. 2023. “Does
Unconscious Processing Benefit Creative Problem-Solving, Especially
When People Have Been Misdirected?” Thinking Skills and Creativity
49:101365. https://doi.org/10.1016/j.tsc.2023.101365.

Lopez-Persem, A., S. Moreno-Rodriguez, M. Ovando-Tellez, et al. 2024.
“How Subjective Idea Valuation Energizes and Guides Creative Idea
Generation.” American Psychologist 79, no. 3: 403-422. https://doi.org/
10.1037/amp0001165.

Maaravi, Y., B. Heller, Y. Shoham, S. Mohar, and B. Deutsch. 2020.
“Ideation in the Digital Age: Literature Review and Integrative Model
for Electronic Brainstorming.” Review of Managerial Science 15, no. 6:
1431-1464. https://doi.org/10.1007/s11846-020-00400-5.

Magistretti, S., C. T. A. Pham, and C. Dell'Era. 2025. “The Creative
Process of Problem Framing for Innovation: An Integrative Review and
Research Agenda.” Journal of Product Innovation Management: 1-32.
https://doi.org/10.1111/jpim.12783.

Maiden, N., J. Lockerbie, K. Zachos, A. Wolf, and A. Brown. 2022.
“Designing New Digital Tools to Augment Human Creative Thinking
at Work: An Application in Elite Sports Coaching.” Expert Systems 40,
no. 3: e13194. https://doi.org/10.1111/exsy.13194.

Main, L. F., M. A. B. Delcourt, and D. J. Treffinger. 2019. “Effects of
Group Training in Problem-Solving Style on Future Problem-Solving
Performance.” Journal of Creative Behavior 53, no. 3: 274-285. https://
doi.org/10.1002/jocb.176.

Marrone, R., D. Cropley, and K. Medeiros. 2024. “How Does Narrow Al
Impact Human Creativity?” Creativity Research Journal: 1-11. https://
doi.org/10.1080/10400419.2024.2378264.

Matzler, K., B. Uzelac, and F. Bauer. 2014. “The Role of Intuition and
Deliberation for Exploration and Exploitation Success.” Creativity and
Innovation Management 23, no. 3: 252-263. https://doi.org/10.1111/
caim.12065.

McFadzean, E. 1998. “The Creativity Continuum: Towards a
Classification of Creative Problem Solving Techniques.” Creativity and
Innovation Management 7, no. 3: 131-139. https://doi.org/10.1111/1467-
8691.00101.

McKay, A. S., R. Reiter-Palmon, S. M. T. Coombes, and J. E. Coombs.
2024. “A Meta-Analysis of Creativity Training in Organizational
Settings.” Creativity and Innovation Management 33, no. 4: 587-602.
https://doi.org/10.1111/caim.12605.

Meincke, L., K. Girotra, G. Nave, C. Terwiesch, and K. T. Ulrich. 2024.
“Using Large Language Models for Idea Generation in Innovation.” The
Wharton School Working Paper. Available at SSRN: https://ssrn.com/
abstract=4526071.

Montag-Smit, T., and M. G. Keith. 2023. “Changes in Positive and
Negative Affect During Creative Process Engagement.” Journal of
Creative Behavior 57, no. 4: 690-710. https://doi.org/10.1002/jocb.610.

Morgan, D. L. 2023. “Exploring the Use of Artificial Intelligence for
Qualitative Data Analysis: The Case of ChatGPT.” International Journal
of Qualitative Methods 22: 1-10. https://doi.org/10.1177/1609406923
1211248.

Moura, F. T. 2023. “Artificial Intelligence, Creativity, and Intentionality:
The Need for a Paradigm Shift.” Journal of Creative Behavior 57, no. 3:
336-338. https://doi.org/10.1002/jocb.585.

Mumford, M. D., and M. W. Fichtel. 2025. “Creative Problem Solving:
Processes, Strategies, and Skills for Educators.” In The Oxford
Handbook of Creativity and Education, edited by J. Katz-Buonincontro
and T. Kettler, 87-108. Oxford University Press.

Newell, A., J. C. Shaw, and H. A. Simon. 1962. “The Process of Creative
Thinking.” In Contemporary Approaches to Creative Thinking, edited by
H. E. Gruber, G. Terrell, and M. Wertheimer, 63-119. Atherton.

Noller, R. B. 1977. Scratching the Surface of Creative Problem Solving: A
Bird's Eye View of CPS. DOK Publishers.

Noy, S., and W. Zhang. 2023. “Experimental Evidence on the
Productivity Effects of Generative Artificial Intelligence.” Science 381,
no. 6654: 187-192. https://doi.org/10.1126/science.adh2586.

O'Toole, K., and E.-A. Horvat. 2024. “Extending Human Creativity
With AL” Journal of Creativity 34, no. 2: 100080. https://doi.org/10.
1016/j.yjoc.2024.100080.

Parnes, S. J. 1966. Creative Behavior Guidebook. Scribner's.

Creativity and Innovation Management, 2025

867


https://doi.org/10.1002/j.2162-6057.2004.tb01234.x
https://doi.org/10.1002/j.2162-6057.2004.tb01234.x
https://doi.org/10.1016/j.yjoc.2024.100079
https://doi.org/10.1016/j.yjoc.2024.100079
https://doi.org/10.5465/amj.2022.0426
https://doi.org/10.3389/fpsyg.2019.02404
https://doi.org/10.3389/fpsyg.2019.02404
https://doi.org/10.1111/caim.12612
https://doi.org/10.17583/ijep.2018.2789
https://doi.org/10.1037/a0013688
https://doi.org/10.1080/02783193.2013.799413
https://doi.org/10.1080/02783193.2013.799413
https://doi.org/10.1016/j.plrev.2023.10.006
https://doi.org/10.1007/978-3-030-79879-6_2
https://doi.org/10.1108/S1746-979120180000014020
https://doi.org/10.1108/S1746-979120180000014020
https://doi.org/10.1016/j.plrev.2023.07.002
https://doi.org/10.1016/j.plrev.2023.07.002
https://doi.org/10.1002/jocb.652
https://doi.org/10.1016/j.plrev.2023.10.026
https://www.jstor.org/stable/20159429
https://www.jstor.org/stable/20159429
https://doi.org/10.1016/j.tsc.2023.101365
https://doi.org/10.1037/amp0001165
https://doi.org/10.1037/amp0001165
https://doi.org/10.1007/s11846-020-00400-5
https://doi.org/10.1111/jpim.12783
https://doi.org/10.1111/exsy.13194
https://doi.org/10.1002/jocb.176
https://doi.org/10.1002/jocb.176
https://doi.org/10.1080/10400419.2024.2378264
https://doi.org/10.1080/10400419.2024.2378264
https://doi.org/10.1111/caim.12065
https://doi.org/10.1111/caim.12065
https://doi.org/10.1111/1467-8691.00101
https://doi.org/10.1111/1467-8691.00101
https://doi.org/10.1111/caim.12605
https://ssrn.com/abstract=4526071
https://ssrn.com/abstract=4526071
https://doi.org/10.1002/jocb.610
https://doi.org/10.1177/16094069231211248
https://doi.org/10.1177/16094069231211248
https://doi.org/10.1002/jocb.585
https://doi.org/10.1126/science.adh2586
https://doi.org/10.1016/j.yjoc.2024.100080
https://doi.org/10.1016/j.yjoc.2024.100080

Pesut, D.J. 1990. “Creative Thinking as a Self-Regulatory Metacognitive
Process: A Model for Education, Training, and Further Research.”
Journal of Creative Behavior 24, no. 2: 105-110. https://doi.org/10.
1002/j.2162-6057.1990.tb00532.x.

Peterson, D. R., and M. W. Pattie. 2024. “Think Outside and Inside the
Box: The Role of Dual-Pathway Divergent Thinking in Idea Generation.”
Creativity Research Journal 36, no. 2: 272-290. https://doi.org/10.1080/
10400419.2022.2110738.

Pinkow, F. 2023. “Creative Cognition: A Multidisciplinary and
Integrative Framework of Creative Thinking.” Creativity and Innovation
Management 32, no. 3: 472-492. https://doi.org/10.1111/caim.12541.

Puccio, G. J., C. Burnett, S. Acar, J. A. Yudess, M. Hollinger, and J. F.
Cabra. 2020. “Creative Problem Solving in Small Groups: The Effects
of Creativity Training on Idea Generation, Solution Creativity, and
Leadership Effectiveness.” Journal of Creative Behavior 54, no. 2: 453—
471. https://doi.org/10.1002/jocb.381.

Puccio, G.J., R. L. Firestien, C. Coyle, and C. Masucci. 2006. “A Review
of the Effectiveness of CPS Training: A Focus on Workplace Issues.”
Creativity and Innovation Management 15, no. 1: 19-33. https://doi.org/
10.1111/j.1467-8691.2006.00366.x.

Puente-Diaz, R., and J. Cavazos-Arroyo. 2022. “Creative Self-
Efficacy and Metacognitive Feelings as Sources of Information When
Generating, Evaluating and Selecting Creative Ideas: A Metacognitive
Perspective.” Journal of Creative Behavior 56, no. 4: 647-658. https://doi.
0rg/10.1002/jocb.557.

Raisch, S., and K. Fomina. 2024. “Combining Human and Artificial
Intelligence: Hybrid Problem-Solving in Organizations.” Academy of
Management Review 50, no. 2: 441-464. https://doi.org/10.5465/amr.
2021.0421.

Reiter-Palmon, R., S. Leone, and E. Emanuel Schreiner. 2024.
“Conflicting Problem Representations and Creativity: Effects on
Problem Construction.” Creativity Research Journal 36, no. 3: 521-531.
https://doi.org/10.1080/10400419.2023.2234720.

Rhodes, M. G. 2019. “Metacognition.” Teaching of Psychology 46, no. 2:
168-175. https://doi.org/10.1177/0098628319834381.

Richardson, B. H., L. J. Ball, B. T. Christensen, and J. E. Marsh. 2023.
“Collaborative Meta-Reasoning in Creative Contexts: Advancing the
Understanding of Collaborative Monitoring and Control in Creative
Teams.” In The Routledge International Handbook of Creative Cognition,
edited by L. J. Ball and F. Vallée-Tourangeau, 372-396. Routledge.
https://doi.org/10.4324/9781003009351.

Roebers, C. M. 2017. “Executive Function and Metacognition: Towards
a Unifying Framework of Cognitive Self-Regulation.” Developmental
Review 45: 31-51. https://doi.org/10.1016/j.dr.2017.04.001.

Rott, B., B. Specht, and C. Knipping. 2021. “A Descriptive Phase Model
of Problem-Solving.” ZDM—Mathematics Education 53: 737-752.
https://doi.org/10.1007/s11858-021-01244-3.

Runco, M. A. 2023. “AI Can Only Produce Artificial Creativity.” Journal
of Creativity 33, no. 3: 100063. https://doi.org/10.1016/j.yjoc.2023.
100063.

Runco, M. A, and G. J. Jaeger. 2012. “The Standard Definition of
Creativity.” Creativity Research Journal 24, no. 1: 92-96. https://doi.org/
10.1080/10400419.2012.650092.

Sasson Lazovsky, G., T. Raz, and Y. N. Kenett. 2025. “The Art of Creative
Inquiry—From Question Asking to Prompt Engineering.” Journal of
Creative Behavior 59, no. 1: e671. https://doi.org/10.1002/jocb.671.

Sawyer, R. K. 2012. Explaining Creativity: The Science of Human
Innovation. 2nd ed. Oxford University Press.

Sawyer, R. K. 2021. “The Iterative and Improvisational Nature of the
Creative Process.” Journal of Creativity 31: 100002. https://doi.org/10.
1016/j.yjoc.2021.100002.

Schellaert, W., F. Martinez-Plumed, K. Vold, et al. 2023. “Your Prompt
Is My Command: On Assessing the Human-Centred Generality of
Multimodal Models.” Journal of Artificial Intelligence Research 77: 377-
394. https://doi.org/10.1613/jair.1.14157.

Shukla, A. 2024. “Innovative Ways of Utilizing Generative AI for
Graphical Big Data Analysis.” Journal of Artificial Intelligence & Cloud
Computing 3, no. 1: 1-3. https://doi.org/10.47363/jaicc/2024(3)222.

Sowden, P. T., A. Pringle, and M. Peacock. 2020. “Verbal Protocol
Analysis as a Tool to Understand the Creative Process.” In Handbook
of Research Methods on Creativity, edited by V. Dorfler and M. Stierand,
314-328. Edward Elgar Publishing.

Stanton, J. D., A. J. Sebesta, and J. Dunlosky. 2021. “Fostering
Metacognition to Support Student Learning and Performance.” CBE—
Life Sciences Education 20, no. 3: 1-7. https://doi.org/10.1187/cbe.
20-12-0289.

Stige, A., E. D. Zamani, P. Mikalef, and Y. Zhu. 2024. “Artificial
Intelligence (AI) for User Experience (UX) Design: A Systematic
Literature Review and Future Research Agenda.” Information
Technology & People 37, no. 6: 2324-2352. https://doi.org/10.1108/
ITP-07-2022-0519.

Sukhov, A., A. Sihvonen, J. Netz, P. R. Magnusson, and L. E. Olsson.
2021. “How Experts Screen Ideas: The Complex Interplay of Intuition,
Analysis, and Sensemaking.” Journal of Product Innovation Management
38, no. 2: 248-270. https://doi.org/10.1111/jpim.12559.

Tankelevitch, L., V.Kewenig, A. Simkute, etal. 2024. “The Metacognitive
Demands and Opportunities of Generative AI.” InProceedings of the CHI
Conference on Human Factors in Computing Systems. Association for
Computing Machinery, 680. https://doi.org/10.1145/3613904.3642902.

Tassoul, M., and J. Buijs. 2007. “Clustering: An Essential Step From
Diverging to Converging.” Creativity and Innovation Management 16,
no. 1: 16-26. https://doi.org/10.1111/j.1467-8691.2007.00413.x.

Truong, Y., D. Schneckenberg, M. Battisti, and R. Jabbouri. 2023. “Guest
Editorial: Artificial Intelligence as an Enabler for Entrepreneurs: An
Integrative Perspective and Future Research Directions.” International
Journal of Entrepreneurial Behavior & Research 29, no. 4: 801-815.
https://doi.org/10.1108/IJEBR-04-2023-0331JEBR.

Urban, K., and M. Urban. 2023b. “How Can We Measure Metacognition
in Creative Problem-Solving? Standardization of the MCPS Scale.”
Thinking Skills and Creativity 49: 101345. https://doi.org/10.1016/j.tsc.
2023.101345.

Urban, M., and K. Urban. 2023a. “Do We Need Metacognition for
Creativity? A Necessary Condition Analysis of Creative Metacognition.”
Psychology of Aesthetics, Creativity, and the Arts. https://doi.org/10.
1037/aca0000647.

Urban, M., and K. Urban. 2025. “Does Metacognition Matter in Creative
Problem Solving? A Mixed-Methods Analysis of Writing.” Journal of
Creative Behavior 59, no. 1: €630. https://doi.org/10.1002/jocb.630.

Van Gundy, A. B. 1981. Techniques of Structured Problem Solving. Van
Nostrand Reinhold.

Vernon, D., I. Hocking, and T. C. Tyler. 2016. “An Evidence-Based
Review of Creative Problem-Solving Tools: A Practitioner's Resource.”
Human Resource Development Review 15, no. 2: 230-259. https://doi.
0rg/10.1177/1534484316641512.

Von Krogh, G. 2018. “Artificial Intelligence in Organizations: New
Opportunities for Phenomenon-Based Theorizing.” Academy of
Management Discoveries 4, no. 4: 404-409. https://doi.org/10.5465/amd.
2018.0084.

Wallas, G. 1926. The Art of Thought. Jonathon Cape.

Wang, K. 2019. “Towards a Taxonomy of Idea Generation Techniques.”
Foundations of Management 11, no. 1: 65-80. https://doi.org/10.2478/
fman-2019-0006.

868

Creativity and Innovation Management, 2025


https://doi.org/10.1002/j.2162-6057.1990.tb00532.x
https://doi.org/10.1002/j.2162-6057.1990.tb00532.x
https://doi.org/10.1080/10400419.2022.2110738
https://doi.org/10.1080/10400419.2022.2110738
https://doi.org/10.1111/caim.12541
https://doi.org/10.1002/jocb.381
https://doi.org/10.1111/j.1467-8691.2006.00366.x
https://doi.org/10.1111/j.1467-8691.2006.00366.x
https://doi.org/10.1002/jocb.557
https://doi.org/10.1002/jocb.557
https://doi.org/10.5465/amr.2021.0421
https://doi.org/10.5465/amr.2021.0421
https://doi.org/10.1080/10400419.2023.2234720
https://doi.org/10.1177/0098628319834381
https://doi.org/10.4324/9781003009351
https://doi.org/10.1016/j.dr.2017.04.001
https://doi.org/10.1007/s11858-021-01244-3
https://doi.org/10.1016/j.yjoc.2023.100063
https://doi.org/10.1016/j.yjoc.2023.100063
https://doi.org/10.1080/10400419.2012.650092
https://doi.org/10.1080/10400419.2012.650092
https://doi.org/10.1002/jocb.671
https://doi.org/10.1016/j.yjoc.2021.100002
https://doi.org/10.1016/j.yjoc.2021.100002
https://doi.org/10.1613/jair.1.14157
https://doi.org/10.47363/jaicc/2024(3)222
https://doi.org/10.1187/cbe.20-12-0289
https://doi.org/10.1187/cbe.20-12-0289
https://doi.org/10.1108/ITP-07-2022-0519
https://doi.org/10.1108/ITP-07-2022-0519
https://doi.org/10.1111/jpim.12559
https://doi.org/10.1145/3613904.3642902
https://doi.org/10.1111/j.1467-8691.2007.00413.x
https://doi.org/10.1108/IJEBR-04-2023-033IJEBR
https://doi.org/10.1016/j.tsc.2023.101345
https://doi.org/10.1016/j.tsc.2023.101345
https://doi.org/10.1037/aca0000647
https://doi.org/10.1037/aca0000647
https://doi.org/10.1002/jocb.630
https://doi.org/10.1177/1534484316641512
https://doi.org/10.1177/1534484316641512
https://doi.org/10.5465/amd.2018.0084
https://doi.org/10.5465/amd.2018.0084
https://doi.org/10.2478/fman-2019-0006
https://doi.org/10.2478/fman-2019-0006

Ward, T. B., and Y. Kolomyts. 2019. “Creative Cognition.” In The
Cambridge Handbook of Creativity, edited by J. C. Kaufman and R. J.
Sternberg, 175-199. Cambridge Handbooks in Psychology. Cambridge
University Press. https://doi.org/10.1017/9781316979839.011.

Watts, L. L. 2023. “Idea Evaluation and Creativity: Toward a Process-
Specific Nomological Network.” Creativity Research Journal 37, no. 2:
314-320. https://doi.org/10.1080/10400419.2023.2229153.

Weber, S., B. Kordyaka, R. Palombo, D. Siemon, and B. Niehaves.
2023. “Is a Fool With a (n AI) Tool Still a Fool? An Empirical Study
of the Creative Quality of Human-AI Collaboration.” In ACIS 2023
Proceedings, 132. https://aisel.aisnet.org/acis2023/132.

Wigert, B. G., V. R. Murugavel, and R. Reiter-Palmon. 2024. “The Utility
of Divergent and Convergent Thinking in the Problem Construction
Processes During Creative Problem Solving.” Psychology of Aesthetics,
Creativity and the Arts 18, no. 5: 858-868. https://doi.org/10.1037/aca00
00513.

Wingstrom, R., J. Hautala, and R. Lundman. 2022. “Redefining
Creativity in the Era of AI? Perspectives of Computer Scientists and
New Media Artists.” Creativity Research Journal 36, no. 2: 177-193.
https://doi.org/10.1080/10400419.2022.2107850.

Winne, P. H. 2018. “Cognition and Metacognition Within Self-Regulated
Learning.” In Handbook of Self-Regulation of Learning and Performance,
edited by D. H. Schunk and J. A. Greene, 36-48. Routledge. https://doi.
0rg/10.4324/9781315697048-3.

Wrébel, A. E., M. K. Johansen, M. S. Jorgensen, and P. Cash. 2021.
“Facilitating Creativity: Shaping Team Processes.” Creativity and
Innovation Management 30, no. 4: 742-762. https://doi.org/10.1111/
caim.12465.

Yang, Q., S. Feng, T. Zhao, and S. Kalantari. 2024. “Design With Myself:
A Brain-Computer Interface Design Tool That Predicts Live Emotion
to Enhance Metacognitive Monitoring of Designers.” International
Journal of Human-Computer Studies 185: 103229. https://doi.org/10.
1016/j.ijhcs.2024.103229.

Yang, Y., and N. Xia. 2023. “Enhancing Students’ Metacognition via
Al-Driven Educational Support Systems.” International Journal of
Emerging Technologies in Learning (iJET) 18, no. 24: 133-148. https://
doi.org/10.3991/ijet.v18i24.45647.

Yeo, S., G. Lim, J. Gao, W. Zhang, and S. T. Perrault. 2024. “Help Me
Reflect: Leveraging Self-Reflection Interface Nudges to Enhance
Deliberativeness on Online Deliberation Platforms.” In Proceedings
of the CHI Conference on Human Factors in Computing Systems.
Association for Computing Machinery, 806. https://doi.org/10.1145/
3613904.3642530.

Zha, S., Y. Liu, C. Zheng, et al. 2024. “Mentigo: An Intelligent Agent for
Mentoring Students in the Creative Problem Solving Process.” Working
Paper. Available at arXiv:2409.14228. https://doi.org/10.48550/arXiv.
2409.14228.

Zielinska, A., I. Lebuda, M. Czerwonka, and M. Karwowski. 2025.
“Self-Regulation Prompts Improve Creative Performance.” Journal of
Creative Behavior 59, no. 1: e674. https://doi.org/10.1002/jocb.674.

Creativity and Innovation Management, 2025

869


https://doi.org/10.1017/9781316979839.011
https://doi.org/10.1080/10400419.2023.2229153
https://aisel.aisnet.org/acis2023/132
https://doi.org/10.1037/aca0000513
https://doi.org/10.1037/aca0000513
https://doi.org/10.1080/10400419.2022.2107850
https://doi.org/10.4324/9781315697048-3
https://doi.org/10.4324/9781315697048-3
https://doi.org/10.1111/caim.12465
https://doi.org/10.1111/caim.12465
https://doi.org/10.1016/j.ijhcs.2024.103229
https://doi.org/10.1016/j.ijhcs.2024.103229
https://doi.org/10.3991/ijet.v18i24.45647
https://doi.org/10.3991/ijet.v18i24.45647
https://doi.org/10.1145/3613904.3642530
https://doi.org/10.1145/3613904.3642530
https://doi.org/10.48550/arXiv.2409.14228
https://doi.org/10.48550/arXiv.2409.14228
https://doi.org/10.1002/jocb.674

	AI-Augmented Approaches to Creative Problem-Solving: A Metacognitive Perspective
	ABSTRACT
	1   |   Introduction
	2   |   Cognition and Metacognition in CPS
	2.1   |   Cognition in CPS
	2.2   |   Metacognition in CPS

	3   |   AI-Augmented Approaches to CPS
	4   |   A Vista for Future Research on AI-Augmented CPS
	5   |   Conclusion
	Acknowledgments
	Data Availability Statement
	References


