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Abstract

This chapter examines the role of declarative memory in creative cognition. Investigations of
the contribution of semantic memory in creativity spans several decades, whereas
exploration into the role of episodic memory is fairly recent. In this review, we outline the
existing evidence on the influence of semantic and episodic memory-relevant processes in
creative idea generation. The available evidence confirms the contributory role of knowledge
organization and retrieval processes in creative ideation. In addition, the evidence suggests
that a constructive episodic memory system may allow for the recombination of previous
experiences to support idea generativity. Limitations associated with the evidence to date,
along with further directions to explore the role of declarative memory in creative cognition,
are also discussed.



How do our prior experiences and existing knowledge contribute to our ability to think of
novel ideas and solutions? This question has spawned considerable interest in investigating
the contribution of declarative memory in creative cognition. Declarative or explicit memory
is concerned with the conscious access, storage, and retrieval of long-term memory, and is
divided into two subsystems: semantic memory and episodic memory (Tulving, 1972). Both
semantic and episodic memory have been studied in relation to creativity! to better
understand the cognitive underpinnings and processes involved in creative idea generation.
Exploration of the same is also key in understanding individual differences in creative
cognition, such as examining whether individuals with a wealth of experience or richer store
of knowledge possess a greater ability to be creative.

In this chapter, we begin by defining and describing semantic and episodic memory. We then
review the evidence thus far that explores the role of these declarative memory processes in
creative cognition. In the final section, we attempt to consolidate the existing evidence and
discuss some of the debates of relevance to the creativity and memory domain.

Semantic memory

Semantic memory is conceived of as a memory system necessary for language, facts, words,
rules, formulas, concepts, relations, and knowledge about the world (Tulving, 1972). At a
processing level, semantic memories diverge from episodic memories in that associated
contextual information about acquiring such knowledge is not retained over the long-term.
Rather, semantic operations involve processing the concept at the level of meaning which can
be based on several dimensions, such as category (e.g., fruit-banana), function (e.g., cloth-
wipe), and synonymic (e.g., street-road) or antonymic (e.g., good-bad) relations (Renoult,
2016). Familiar and meaningful concepts give rise to organized semantic representations. For
example, the semantic representation of a concrete object includes information specific to
that object: what defines it as a distinct entity (e.g., house) and information about the object
which is shared by other members of the category (e.g., has windows; Taylor et al., 2011).
Crucially, mental representations of concepts allow for the recognition of various instances
of the concept and the understanding of combinations involving this concept (e.g., terraced
house).

The spreading activation theory is a classic model of semantic processing which proposes that
conceptual knowledge or meaning is represented in a semantic network of interconnected
nodes, such that closely related concepts are more strongly connected, whilst others are
more distantly connected (Collins & Loftus, 1975). Traditional spreading activation theories
claim that when a concept is activated, other closely connected concepts also become
activated via excitatory connections. Later models postulate that connections can be either

1 As we explore the role of declarative memory operations on creative cognition in this chapter, please note that
we use the terms ‘creativity’, ‘creative thinking’, ‘creative ideation’, ‘creative problem solving process’, ‘creative
idea generation’ interchangeably. These are terms that are routinely used in the literature when exploring the
creative ideation process, as opposed to person, product, or press relevant factors (Rhodes, 1961).



excitatory, as above, or inhibitory, where the activation of one concept can decrease the
activation of another (Griffiths et al., 2007). More recent distributional models emphasize the
cognitive mechanisms underlying the construction of semantic representations with
reference to statistical experience (Yee et al., 2018). Examples of these models include passive
co-occurrence models, latent abstraction models, and retrieval-based models. Generally,
these models are based on the distributional hypothesis (Harris, 1970), which assumes that
concepts reappearing in similar linguistic contexts are likely to have similar meanings. For
example, the concept apple may occur in the same context as seed or core, as a result of which
the model would assume that these two concepts are related. Latent Semantic Analysis (LSA;
Landauer & Dumais, 1997) is the most well-known latent abstraction model, which produces
a high-dimensional word cooccurrence matrix, in which the probability of two words
occurring together serves as an indicator of semantic similarity (McRae & Jones, 2013). The
LSA is a popular computational model applied in the field of creativity when exploring the role
of semantic cognition (Beaty, 2020; Dunbar & Foster, 2009; Hass, 2017; Kenett, 2019).

A prominent theoretical account of the neural substrates of semantic memory divides
semantic knowledge into two important elements: the hub, representing the anterior
temporal lobe, and spokes, representing modality specific regions (Patterson & Lambon
Ralph, 2016). According to the hub-and-spoke hypothesis, semantic knowledge is represented
in a widely distributed brain network including modality-specific regions from which
connections (i.e., spokes) stem, sending activation to and from the hub. The anterior temporal
lobe (i.e., the hub) integrates the incoming information from several modality specific regions
(i.e., spokes) to form a coherent concept.

Evidence indicates that modality-specific activations during language and action-related
language comprehension reflect the knowledge processing of auditory, emotion, olfactory,
visual, praxis and verbal descriptors (Barsalou, 2008; Hauk et al., 2008; Pulvermidiller et al.,
2010). For example, occipital regions are associated with the processing of visual information,
such as the visual features of an object (e.g., the image of a dog; Kanwisher & Yovel, 2006),
whereas the temporal cortex processes auditory information (e.g., the sound a dog makes;
Kiefer et al., 2008). The hub provides the key capacity to integrate the multiple sources of
information together from these modality-specific regions, generating a generalizable and
coherent concept. Reilly et al. (2016) investigated the interactivity between the hub and
spokes during semantic processing. Their results yielded support for the hub-and-spoke
hypothesis revealing that auditory and visual stimuli were associated with activation in the
auditory association cortex and visual association cortex respectively, while also commonly
engaging a hub region within the anterior temporal cortex. Further support for the hub-and-
spoke hypothesis comes from studies on patients with semantic dementia, who have atrophy
in the anterior temporal lobe (i.e., the hub; Guo et al., 2013; Hodges & Patterson, 2007)
resulting in impairments in the ability to appropriately generalize concepts. Critically, the
findings also show reduced connectivity between the anterior temporal lobe and modality-
specific regions in semantic dementia patients relative to controls. This pattern of findings



also correlated with the severity of semantic deficits in semantic dementia patients (Guo et
al., 2013).

Neuroimaging studies of semantic memory typically report temporal cortical and left
prefrontal activations during semantic retrieval (Hoffman, 2018). A meta-analysis of 120 fMRI
studies on semantic processing revealed activation in a network comprised of seven regions,
including the (1) posterior inferior parietal lobe, (2) lateral temporal cortex, (3) ventral
temporal cortex, (4) dorsomedial prefrontal cortex, (5) inferior frontal gyrus, (6) ventromedial
prefrontal cortex, and (7) posterior cingulate gyrus (Binder et al., 2009). Evidence indicates
that the subdivision of this network into posterior (temporal/parietal) and frontal
components correspond to storage and retrieval aspects of semantic processing. For
example, the anterior temporal cortices act as a store for conceptual representations, while
the prefrontal cortex is associated with the controlled access to semantic knowledge
(Humphreys et al., 2015; Noonan et al., 2010; Patterson et al., 2007). This is in line with the
neuropsychological evidence from patient studies, which reveal that loss of semantic
knowledge in semantic dementia is related to damage in the anterior temporal cortices
(Lambon Ralph et al.,, 2017), while damage to the left ventral prefrontal cortex in left-
hemisphere stroke patients results in a diminished ability to inhibit irrelevant semantic
information when retrieving weak semantic associations (Noonan et al., 2010).

Semantic memory and creativity

Investigations into the contribution of semantic memory in creativity span several decades
and reveal the critical role it plays in the generation of original or novel ideas. The relation
between semantic memory and creativity is central to Mednick’s (1962) influential associative
theory of creativity. This theory posits that high and low creative individuals can be
differentiated with respect to their semantic network structures and, more specifically, in
terms of the strengths in the connections between concepts represented within the network.
High creative individuals are characterized by having a flat associative hierarchy which allows
them to produce a consistent stream of strongly and weakly associated concepts (i.e., when
one concept is activated, associated near and remote concepts also become activated). In
contrast, low creative individuals are characterized by having steep associative hierarchies,
and therefore produce high frequency associations to begin with, then rapidly exhaust their
output (i.e., when one concept is activated, only the closely related concepts become also
activated). In support of Mednick’s theory, several studies examining individual differences in
creative thinking centered on semantic memory-relevant operations, have demonstrated
shorter associative pathways (Rossman & Fink, 2010), broader semantic networks (Benedek
et al.,, 2017; Kenett et al., 2014; Kenett et al., 2018) and higher associational fluency (Benedek
& Neubauer, 2013; Marron & Faust, 2018; Vitrano et al., 2021) in highly creative individuals.
Benedek et al. (2020) further corroborated these findings demonstrating that performance
on a bi-association task was positively correlated with the ideational fluency and originality



measures of divergent thinking. Similarly, using a computational model to measure semantic
distance, Olson et al. (2021) showed that greater semantic distance on the Divergent
Association Task (i.e., generating 10 nouns that are as different from one another as possible),
revealed positive correlations with the originality and flexibility measures, but not the fluency
measure, of the Alternate Uses Task (AUT). These findings are in line with Mednick’s (1962)
proposal that high creative individuals have flat associative hierarchies that allow them to
retrieve remotely associated concepts more fluently, which can then be combined to form
novel and creative ideas.

In contrast to Mednick’s view focusing on the organization of stored conceptual knowledge
within the semantic network, Mendelsohn (1974) argued that high and low creative
individuals can also be differentiated according to the type of attentional control applied
when accessing this stored conceptual knowledge. Focused attention refers to when one’s
attentional stream is narrowly focused on accessing the necessary information, whereas
defocused attention enables a wider attentional spotlight. Mendelsohn proposed that high
creative individuals are characterized by defocused attention or a widened attentional
capacity. Focused attention only allows a limited number of concepts to enter the attentional
stream, whereas defocused attention allows a large number of associated concepts. The
greater the number of concepts available, the higher the number of possible combinations
one can make to generate unusual or novel ideas, suggesting that having a widened
attentional capacity is beneficial for creative idea generation. While there is support for this
notion (Friedman et al., 2003; Vartanian et al., 2007; Vartanian, 2009), evidence has also
indicated the importance of attentional control processes (i.e., the ability to apply greater
focus during a creative task) in creativity (Groborz & Necka, 2003). Consequently, the idea of
flexible cognitive control has been explored in relation to creativity. Creative individuals have
been found to display more flexible cognitive control when engaged in a divergent thinking
task such that they are able to “relax cognitive control when such resources are apparently
not needed” (Zabelina & Robinson, 2010, p.140).

The interplay between the organization and retrieval of stored conceptual knowledge in
relation to creativity can also be understood through the lens of the semantic cognition
approach, where the combination of semantic representations and executive control
processes are required to direct engagement in a given task (Jefferies & Lambon Ralph, 2006).
In an attempt to revisit Mednick’s model, Benedek and Neubauer (2013) examined the
associative hierarchies of high and low creative individuals. Based on the differentiation
between high and low creative individuals in terms of associative fluency and uncommonness
of associations, such that high creative individuals showed higher associative fluency and
higher average uncommonness of associations than low creative individuals, they concluded
that high creative individuals are in fact faster in generating associative responses. As a result,
they retrieve more uncommon associations earlier, which suggests that the difference
between high and low creative individuals may concern the executive functions required to
effectively access semantic content (Benedek & Neubauer, 2013).



Evidence suggests that controlled retrieval of semantic knowledge is also vital in creativity
(Abraham, 2014). This relates with classical and contemporary theories which emphasize the
contribution of both associative and executive processes in creative thinking (Kris, 1952;
Beaty et al., 2014). This view postulates that while a broad structured knowledge base
supports creative thinking, it does so by the use of executive control abilities. Conceiving
original ideas requires the broadening of existing knowledge structures. During this process,
when salient or closely related concepts are activated, the cognitive control network works
to inhibit or ignore the processing of this stimuli to focus on novel or remote associations
instead to produce original ideas.

It has been suggested that the semantic cognition network may play a key role in creative
cognition as its regions are engaged during divergent thinking (Abraham, 2018). Controlled
semantic retrieval may be necessary for divergent thinking to allow the inhibition of
interfering automatic responses and the retrieval of more remote responses (Jefferies &
Lambon Ralph, 2006). A recent metanalysis of 20 fMRI studies on divergent thinking examined
the evidence on hand for the involvement of large-scale brain networks in divergent thinking
(Cogdell-Brooke et al., 2020). Using activation likelihood estimation to integrate the
neuroimaging data across the studies, the results revealed four key areas of activation: left
inferior parietal lobe, left inferior frontal and precentral gyrus, the superior and medial frontal
gyrus, and the right cerebellum. These are key regions in the semantic network and are
considered important for the flexible retrieval of stored knowledge (Binder et al., 2009).
Therefore, the analysis revealed a significant overlap between brain activity involved in
semantic cognition and divergent thinking.

More fine-grained investigations into the neural underpinnings of creative processes involved
in the generation of creative ideas have also unveiled the involvement of regions related to
semantic cognition (Abraham, 2014). For example, the process of conceptual expansion,
which is the ability to broaden the boundaries of conceptual representations considered
necessary for creative cognition, has been found to engage regions associated with the access
and storage of semantic knowledge (Abraham et al., 2012; Abraham et al., 2018). Further
corroborating these findings are individual-level analyses demonstrating that high creative
individuals show greater activity in regions involved in semantic cognition during a creative
conceptual expansion task, compared to low creative individuals. Regions more strongly
implicated in the high creative group included the anterior inferior frontal gyrus, the temporal
poles, and the posterior middle temporal gyrus (Abraham et al., 2018). Critically, these
regions have been demonstrated to be involved in the access and storage of semantic
knowledge (Binder & Desai, 2011). Similar results have been obtained when investigating the
ability to overcome the influence of existing knowledge when trying to generate something
novel (Abraham et al., 2014; Binder & Desai, 2011). For example, exposure to novel uses
compared to no uses or common uses prior to engaging in creative ideation led to greater
activity in the left posterior middle temporal gyrus, an area implicated in the storage and
access of information, indicating that these regions may be involved when trying to overcome



knowledge constraints (Fink et al., 2012). Damage to these regions has been shown to directly
affect the capacity to overcome salient information during creative ideation (Abraham et al.,
2012).

Using structural MRI, Bendetowicz et al. (2017) explored anatomical connectivity associated
with the ability to combine remote associations. They developed a Remote Combination
Association Task, which is an adapted version of the Remote Associates Test (Mednick, 1962)
where participants are tasked with finding the solution word in relation to three cue words.
(e.g., sand, thunder, brain = storm). In their adaptation, the associative distance between
the solution word and the cue words varied. Using this novel paradigm, they revealed that
networks centered on the left frontal pole appeared to support the ability to combine
information in novel forms by bridging the semantic distance between pieces of information.
In further support of this is the finding that semantic associative abilities, as measured by
semantic distance in responses generated to cue words, mediate the relationship between
gray matter volume of the left inferior temporal gyrus and divergent thinking (Liu et al., 2021).

Neuropsychological evidence also points to the contribution of semantic networks in
creativity. Studies examining divergent thinking in semantic dementia patients (SD) and
behavioral-variant fronto-temporal dementia patients (bvFTD) compared to healthy controls,
revealed that while both patient groups provide fewer responses and less original responses
compared to healthy controls, SD patients perform poorer on the ideational fluency measure
compared to bvFTD patients (Paulin et al., 2020). Importantly, ideational fluency and
originality responses in SD patients have been found to correlate with performance on a
measure of semantic association and semantic naming respectively, while originality of
responses in bvFTD patients correlated with letter fluency and response inhibition. This
indicates that the poorer performance on ideational fluency in SD patients is related to poorer
performance on semantic memory tasks, highlighting the role of semantic memory-relevant
processes in divergent thinking. These findings are in line with the notion that the
degeneration of semantic knowledge results in a diminished conceptual knowledge network
from which AUT responses can be combined (Hass, 2017; Volle, 2018).

The evidence reviewed here reveals a broad role of semantic memory in creativity relating to
both the organization of stored knowledge and the retrieval of stored knowledge. To
summarize, the data suggests that the possession of a broad semantic network structure is
considered advantageous for creative ideation, and that the greater the number of
associations held in the semantic network, the more associations can be combined to form
novel and creative ideas. However, in order to reach the more novel and uncommon
associations, typically associated with creative ideation, a combination of semantic and
executive control processes are drawn on to strategically search through and retrieve
information from the semantic memory network in order to utilize conceptual knowledge
creatively.



Episodic memory

Episodic memory is described as a memory system concerned with information about
episodes or events that occurred in a specific time and place, or more simply, they represent
“personally experienced unique events” (Tulving, 1972, p. 385). Crucially, and distinctly from
semantic memory, episodic memory retrieval is characterized by the recollection of specific
contextual details (i.e., spatio-temporal, sensory-perceptual, affective) of personally
experienced events (Tulving, 1983). Episodic memory has traditionally been associated with
autonoetic consciousness, a distinct form consciousness unique to humans that allows an
individual to ‘transport’ oneself through subjective time, now more commonly referred to as
‘mental time travel’ (Tulving, 2001, Renoult & Rugg, 2020).

Contemporary perspectives of episodic memory emphasize its constructive nature. This view
of episodic memory posits that remembering is not a reproduction of the past, but instead is
a constructive process in which the contextual details of an event are tied together (Schacter
& Addis, 2007). Various studies demonstrate how memory distortions, such as the omission
of details or addition of new information, reflect the constructive process of piecing together
details of an event when remembering (Addis, 2020).

A well-established finding in the memory literature concerns the central role of the medial
temporal lobe (MTL), particularly hippocampal regions, in episodic memory (Eichenbaum et
al., 2007; Rugg et al., 2015). One traditional view on the role of hippocampal regions in
episodic memory is the systems consolidation theory. This theory postulates that memories
for episodes and events are only temporarily dependent on hippocampal regions, following
which they go through a process of consolidation. This process transfers the content of those
memories to the neocortex as a means of a more permanent storage, as a result of which
they are no longer dependent on the hippocampus (Squire et al.,, 2015). The systems
consolidation theory has been widely accepted in the cognitive neuroscience literature and
has been supported by various methodological approaches. For example, evidence from
patients with retrograde amnesia indicating hippocampal damage has demonstrated
impaired retrieval of memories from the recent past, yet intact retrieval of memories from
the remote past (e.g., Kirwan et al., 2008; Squire & Bayley 2007; Thaiss & Petrides, 2008).

A recent alternative to the above proposal is the contextual binding theory of episodic
memory (Yonelinas et al., 2019), which assumes that episodic memory remains dependent
on the hippocampus across time and that the hippocampus and neocortical regions largely
support different types and processes of memory (i.e., recollection/episodic memory and
familiarity/semantic memory, respectively). Crucially, according to the contextual binding
theory, the hippocampus supports the ability to retrieve the context in which information was
encountered and binds together item-related and context-related information, therefore, it
is critical for the recollection of previous episodes regardless of the time at which the memory
was first formed (Yonelinas et al., 2019).



The concept of episodic memory has also been linked to several higher-order cognitive
processes such as episodic future thinking, episodic counterfactual thinking, imagination, and
event construction (Addis et al., 2018; De Brigard et al., 2016; Hassabis & Maguire, 2007b).
Several behavioral, neuropsychological, and neuroimaging studies have revealed
commonalities between the recall of past events and simulation of future events (Schacter et
al., 2013). For instance, regions within the default mode network, including the anterior and
posterior midline cortex, the angular gyrus, and the medial temporal regions, are commonly
recruited during episodic remembering and mental simulation (i.e., imaginative construction
of hypothetical events; e.g., Addis et al., 2007; Buckner & Carroll, 2007; Buckner et al., 2008;
Svoboda et al., 2006).

On the basis of such findings, Schacter and Addis (2007) proposed the constructive episodic
simulation hypothesis, which postulates that a key role of episodic memory is to aid the
construction of imagined future events by supporting the retrieval of details regarding prior
experiences as well as the flexible recombination of components of prior experiences into
simulations of possible future scenarios (Schacter & Madore, 2016). The theoretical link
between the constructive account of the constructive episodic simulation hypothesis and
hippocampal contributions to future thinking is based on: (1) the notion that the
hippocampus has been traditionally viewed as having a pivotal role in episodic memory; and
(2) evidence highlights the role of the hippocampus in binding elements of information across
space and time (Barry & Maguire, 2019; Eichenbaum & Cohen, 2001, 2014; Olsen et al., 2012).
According to Schacter and Addis (2007), these relational binding processes may support the
recombination of elements from episodic memory into simulations of novel future events.
Recently, Addis (2018, 2020) proposed a reformulation of this hypothesis averring that
instead of imagination being reliant on episodic memory, both memory and imagination are
essentially the same mental operation that are subserved by the same neurocognitive system
(Addis, 2020) and namely that of constructive episodic simulation (Addis, 2018).

Accordingly, alternative understandings of the idea of mental time travel have also been
proposed recently. Mental time travel has been traditionally associated with episodic
memory as the ability: (1) to travel back mentally in time to consciously relive a past event;
and (2) to project oneself into the future to imagine an event. In order to capture a more
general simulation capacity underpinning memory and imagination, Addis (2020) suggests
that the concepts of ‘time’ and ‘travel’ associated with mental time travel are not essential,
and that projecting oneself might instead only be one alternate to a broader simulation
capacity (similar to Buckner & Carroll, 2007) enabling us to recall the past. Alternatively,
Manning (2021) proposes a ‘quantum memory wave function’ metaphor to describe episodic
memory recall. They outline that instead of ‘jumping back in time’ to one particular
experience, we spread our awareness over many moments, and subsequently we retrieve
information from our past by mentally casting ourselves back simultaneously to many time
points from our past. This simultaneous reactivation of thoughts related to separated events
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provides a way of relating those temporally distinct experiences, allowing us to integrate
information across experiences.

Episodic memory and creativity

In comparison to the exploration of the role of semantic memory in creativity, research
investigating the role of episodic memory is fairly recent. Interest into this relationship
commenced with studies that indicated a possible contribution of episodic memory in
creative thinking. For example, Gilhooly et al. (2007) demonstrated that participants draw on
experiential strategies (i.e., where specific experiences are invoked, and thus likely draw on
episodic memory) during the early phases of engaging in a divergent thinking task.? Following
definitions of creativity that refer to processes of generation, combination, and
recombination of existing mental representations into new ideas (Bristol & Viskontas, 2006),
Duff et al. (2009, 2013) suggested that these processes shared striking similarities with
functions of the hippocampus, namely the ability to combine and bind together information
(Yonelinas et al., 2019). Using insights gained from patients with amnesia, whereby amnesic
patients exhibited an impairment in verbal and visual creativity and the creative use of
language, they proposed that the same hippocampal processes used for episodic memory are
also necessary in creative thinking (Duff et al., 2009; Duff et al., 2013). Further corroborating
the contributory role of regions associated with episodic memory in creative divergent
thinking, Thakral et al. (2020) reported that temporary disruption of hippocampal regions in
healthy younger adults, a region of atrophy in patients with amnesia, also led to a reduced
number of episodic details in memory tasks and reduced ideational fluency on a divergent
thinking task.

The episodic memory system is considered to maintain an adaptive function, whereby the
(re)construction of previous experiences can serve several higher-order cognitive functions,
such as episodic counterfactual thinking, imagination, and creativity, by allowing the
recombination of prior experiences in novel ways. Madore and colleagues (2015)
postulated that if divergent thinking does indeed rely on episodic memory, creative
performance should be boosted following the induction of episodic-specific processes. They
designed an episodic specificity induction (ESI), a brief training in recollecting details of a
recent experience. The ESI influences the retrieval orientation adopted (i.e., episodic) in a
subsequent task. Engaging in this type of retrieval orientation subsequently benefits later
tasks involving episodic retrieval processes in line with the constructive episodic simulation

2 Research into the strategies adopted while generating alternative uses for familiar objects in divergent thinking
tasks shows thatthe use of experiential strategies (episodic) predominates in the early stages of idea
generation. By contrast, abstract, semantic-based strategies (e.g., imagined disassembly of the target
object) are dominantin the later stages of generation. Importantly, originality and ideational fluency were
predicted by the type of memory strategy, such that the use of more effortful and executively
demanding semantic-based strategies led to more novel responses later in the process of idea generation
(Gilhooly et al., 2007).
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hypothesis (Schacter & Addis, 2007). According to Madore et al. (2019a), the ESI itself, and
any task which benefits from the ESI, have the process of event construction in common.
Madore et al. (2015, 2016) found that, compared to non-episodic control inductions, the ESI
had significantly enhanced some facets of creativity (ideational fluency and flexibility) but had
no impact on others (originality) on the Alternate Uses Task (AUT) in younger and older adults.
This suggested commonalities between episodic memory and particular facets of divergent
thinking as targeting the process of event construction via the induction biased information
processing that resulted in improved fluency and flexibility on the AUT.

Neuroimaging evidence offers additional support for the behavioral findings outlined above
indicating a relationship between episodic memory processes and creativity. Using an fMRI
paradigm, Madore et al. (2019b) examined whether the ESI selectively enhanced activity in
neural networks associated with episodic memory during a divergent thinking task.
Participants received both the ESI and the control induction, following which they completed
a divergent thinking task (i.e., AUT) and a control task. Compared to the control induction,
data revealed greater activity in the hippocampus and greater connectivity between core
brain networks associated with episodic memory and core networks associated with cognitive
control following the ESI during the divergent thinking task only. Madore et al. (2019b) argued
that these findings support the notion that episodic retrieval should be considered a
contributory process in creative thinking. Beaty et al. (2020) examined the similarity between
the neural correlates of an alternative episodic memory induction and a divergent thinking
task. Using representation similarity analysis, they revealed similar patterns of activity during
the episodic memory induction and the divergent thinking task within the left
parahippocampal gyrus as well as other areas, similarly suggesting that episodic memory-
relevant processes are engaged during divergent thinking. However, the episodic induction
was not related to enhanced creative performance.?

Taking a different approach to explore the relationship between episodic memory and
divergent thinking, Addis et al. (2016) examined whether divergent thinking, measured using
the AUT, was differentially associated with recalling past events (autobiographical memory),
constructing imagined past (episodic counterfactual thinking), and future events (episodic
future thinking). Using hierarchical linear regression, they found divergent thinking (mean
score comprised of measures of fluency, flexibility, originality, and elaboration) to be
positively associated with the number of episodic details for imagined future events only. One
proposed explanation for this is that both divergent thinking and the imagination of future
events are open-ended, unconstrained processes. On the other hand, the recall or
imagination of past events requires some consideration of what actually happened, and such

3 Beaty et al. (2020) also examined the impact of a semantic induction prior to engaging in a divergent thinking
task. Using Latent Semantic Analysis (LSA) to measure creativity of responses, where the greater the semantic
distance between the object and the response, the more original the response, the behavioral analysis revealed
that semantic distance between the AUT object and the responses was significantly larger following the semantic
induction compared to the episodic induction, indicating that the semantic induction increased the originality of
responses.
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a constraint may limit divergent thinking (Roberts & Addis, 2018). Furthermore, according to
the constructive episodic simulation hypothesis, both processes rely on the recall and
recombination of past experiences to form novel representations (Schacter & Addis, 2007;
Madore et al., 2016).

To summarize, the evidence reviewed here suggests that a constructive episodic memory
system may support creative idea generation by allowing for a more adept recombination of
previous experiences that increases idea generativity. Key relational binding functions of the
hippocampus are likely to support this process by binding and recombing elements from
episodic memory into novel representations.

How best to characterize the role of declarative memory in creative cognition?

The quintessential difference between semantic and episodic memory is in reference to two
factors: contextual specificity and consciousness. Where the essence of episodic memory is
its specificity, such that memories are located in space and time, semantic memories are not
associated with any contextual information in which they were acquired. Equally, while
episodic memory is associated with autonoetic consciousness where one is aware of
‘transporting’ oneself through subjective time (i.e., | am reexperiencing an event), semantic
memory is associated with noetic consciousness related to knowing (i.e., | know this fact).

The evidence reviewed thus far in this chapter indicates a contributory role of both semantic
memory and episodic memory-related processes in creative ideation, but in ways that are not
entirely comparable. The relationship between semantic memory and creativity is well-
established. Abundant evidence indicates the central role played by knowledge organization
and retrieval processes in creative ideation generally as well as in characterizing individual
differences in creativity specifically. Evidence relating episodic memory to creativity, in
contrast, is mostly indirect, limited, and unspecific, particularly in the context of studies
employing induction paradigms. They are indirect as the findings thus far only indicate that
inducing an episodic retrieval mode prior to idea generation may positively impact creative
ideation and the causes attributed to this are largely tentative. Notably, none of the cited
studies have compared creative performance following an episodic induction compared to
baseline non-induction creative performance. As they have only compared performance in
relation to episodic inductions relative to other non-episodic inductions, it remains to be seen
whether the performance following induction is actually better, worse, or no different from
having no prior induction at all. The positive impact is limited to response fluency and
flexibility during idea generation, and does not extend to the defining feature of creativity,
namely originality or novelty of the generated ideas. It is also unspecific as non-episodic
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cognitive and motor inductions prior to or during task performance are also associated with
improvements in creative thinking.*

Wider debates in the memory domain that pertain to understanding the role of declarative
memory in creative cognition are also worth bearing in mind. One such debate relates to the
episodic-semantic distinction. While much of the neuropsychological evidence supports the
notion of doubly dissociable components of declarative memory (e.g., Adlam et al, 2009;
Westmacott et al., 2004), the complete functional independence of episodic and semantic
memory has been questioned since the inception of Tulving’s episodic theory. Almost 50
years on from when the independence of the two systems was proposed, Tulving’s early ideas
have seen considerable development, with research findings indicating that the distinction
may not be as clear cut as Tulving proposed (Renoult et al., 2019; Greenberg & Verfaellie,
2010).

Evidence from neuropsychological, behavioral and neuroimaging studies supports the
argument for interdependent episodic and semantic memory systems. For example,
experimental studies suggest that semantic knowledge can facilitate the acquisition of new
episodic memories (Graham et al., 2000; Kan et al., 2009), and episodic memory can aid in
accessing semantic knowledge (Westmacott et al., 2004, also see Squire & Zola, 1998). Recent
investigations into the neural processes related to the controlled retrieval of semantic and
episodic memory further question the classic distinctions between the two systems. Evidence
shows a common cluster of cortical activity in the left inferior frontal gyrus and insular cortex
for the retrieval of both weakly-associated semantic and weakly-encoded episodic memory
traces (Vatansever et al.,, 2021), suggesting shared neural processes underpinning the
retrieval of semantic and episodic memory. These findings show that semantic and episodic
memory are not necessarily qualitatively distinct systems, and that retrieval pathways for
semantic and episodic memory may be partly overlapping.

Studies on future thinking have provided further insight into the interdependent nature of
episodic and semantic memory. Irish et al. (2012) investigated the role of semantic memory
in episodic future thinking in semantic dementia. SD patients showed intact episodic retrieval
of past events but significant impairments in episodic future thinking, indicating a critical role
of semantic knowledge in the construction of novel future events (Irish et al., 2012, also see
Abraham et al., 2008 for parallels in the brain bases of episodic and semantic future thinking).
According to D’Argembeau (2015), general knowledge about one’s personal future may be a
crucial aspect of generating a context for constructing episodic future thoughts. He proposed
a framework conceiving episodic future thinking as being reliant on two broad types of
knowledge structures; the first being a pool of event details from which one can extract
elements to construct future events and scenarios, the second being general knowledge
about the future (e.g., anticipated events and conceptual knowledge of personal goals).

4 For a brief overview of parameters and implications of findings from inductions and training-based studies, see
Abraham et al. (2019, pp. 85-86 and pp. 91-92).
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Similar ideas have been proposed in relation to the cognitive underpinnings of the human
imagination (Abraham & Bubic, 2015; Abraham, 2018), traditionally associated with episodic
memory (Schacter et al., 2013). Abraham and Bubic (2015) hold that the capacity to imagine
is primarily rooted in semantic memory operations (i.e., conceptual knowledge) and that
processes involved in imagination are instantiated in overlapping brain networks related to
episodic and semantic cognitive operations.

The recent reformulation of the constructive episodic simulation hypothesis similarly
emphasizes the role of semantic memory, related to existing knowledge and conceptual
content, in retrieving past events and simulating future or fictional events. Addis (2018, 2020)
proposed that: (1) both memory and imagination are instantiations of the same
neurocognitive process, that is, constructive episodic simulation — the mental rendering of an
experience; and (2) episodic memory does not play a special role in imagining future or
fictional events. The key operating principle of the constructive episodic simulation system is
that it is essentially associative in nature. Simulations (past or future) vary in associative
strength and reliance on associative schemas, depending on how often those concepts have
previously been associated. As such, both types of declarative memory as well as imagination
are governed by associative processes.

The evident interplay between episodic and semantic memory may reflect the notion that
autonoetic and noetic consciousness are in fact more tightly intertwined than was first
considered. Initially, autonoetic and noetic conscious awareness were conceived of as key
separate and distinct defining features of episodic and semantic memory respectively.
Though Tulving (2002) acknowledged that autonoetic consciousness involves but transcends
noetic consciousness, the evidence emphasizing a key role of semantic memory in mental
time travel (e.g., D’Argembeau, 2015; Irish et al., 2012), typically associated with autonoetic
consciousnesses, suggests that rather than prescribing a special role for autonoetic
consciousness in mental time travel, more tightly integrated forms of consciousness may best
explain the interdependence of episodic and semantic memory in retrospective/past and
prospective/future thought. In emphasizing the interdependence of episodic and semantic
memory, along with the proposed integral role of semantic and associative processes in
memory and imagination, the perspectives on offer prompt an interesting question. If our
memories of past experiences as well as our imagination of future and fictional experiences
are in fact rooted in associative processes, then to what degree can conclusions regarding the
unique contribution of episodic memory to creativity be drawn? Equally, these views pose
difficulties in teasing apart the independent contributions of episodic and semantic memory
in creative idea generation.

While the role of episodic memory in creativity is a trending topic in contemporary literature,
the role of semantic memory in creativity is often conceived of as relatively mundane in
comparison. This is despite the extensive study of semantic memory-relevant operations in
creative ideation over several decades. The evidence thus far mainly speaks for the broad role
of semantic memory in creativity and a circumscribed role for episodic memory in creativity,
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but it is necessary to also note that they have been investigated in fundamentally different
ways. Apart from the few neuropsychological studies, episodic memory operations have
mainly been studied in relation to “state-based” processes (e.g., temporarily induced
orientation) that influence the creative problem-solving process whereas semantic memory
operations have been mainly targeted in relation to “trait-based” processes (e.g., type of
knowledge organization). The evidence so far therefore does not as yet permit a
comprehensive understanding of the role of episodic or semantic memory independently in
creativity, nor the wider dynamics of declarative memory that may be at play.

To further explore the functions played by declarative memory operations in creativity, a
useful step forward may be to attempt teasing apart the unique and specific contributions of
episodic and semantic memory. With regard to episodic memory in particular, research is still
in its infancy. A key question here concerns what specific aspects or components of episodic
memory (e.g., specificity of contextual details, spatial scenes, autobiographical reference)
may facilitate creative idea generation, as this is as yet unclear. In light of the recent
theoretical shift away from conceptualizing episodic and semantic memory as fully dissociable
components of declarative memory to conceiving of them as more intertwined and
overlapping memory systems, both at a neural and a functional level, future research on their
contributions to creativity will benefit from adopting paradigms that consider them
concurrently. Finally, as with investigations into semantic memory-related operations that
have considered both the organization of knowledge as well as the attentional and strategic
retrieval requirements in the context of creative idea generation, a similar approach to
explore the wider cognitive dynamics of episodic memory-related operations supporting
creative cognition will steer this research domain towards promising directions.
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