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ARTICLE INFO ABSTRACT

Keywords: Creativity has previously been linked with various attentional phenomena, including unfocused or broad

Incentive salience attention. Although this has typically been interpreted through an executive functioning framework, such phe-

gije;};“ﬁty nomena may also arise from atypical incentive salience processing. Across two studies, we examine this hy-
a.

pothesis both neurally and psychologically. First we examine the relationship between figural creativity and
event-related potentials during an audio-visual oddball task, finding that rater creativity of drawings is associ-
ated with a diminished P300 response at midline electrodes, while abstractness and elaborateness of the
drawings is associated with an altered distribution of the P300 over posterior electrodes. These findings support
the notion that creativity may involve an atypical attribution of salience to prominent information. We further
explore the incentive salience hypothesis by examining relationships between creativity and a psychological
indicator of incentive salience captured by participants’ ratings of enjoyment (liking) and their motivation to
pursue (wanting) diverse real world rewards, as well as their positive spontaneous thoughts about those rewards.
Here we find enhanced motivation to pursue activities as well as a reduced relationship between the overall
tendency to enjoy rewards and the tendency to pursue them. Collectively, these findings indicate that creativity
may be associated with atypical allocation of attentional and motivational resources to novel and rewarding
information, potentially allowing more types of information access to attentional resources and motivating more
diverse behaviors. We discuss the possibility that salience attribution in creatives may be less dependent on task-
relevance or hedonic pleasure, and suggest that atypical salience attribution may represent a trait-like feature of
creativity.

Reward processing

1. Introduction

Creativity has long been associated with differences in attentional
selection, particularly an unfocused or broad attentional scope and a
proneness to attend to task-irrelevant information (Kasof, 1997; e.g.
Zabelina et al., 2016; Zabelina, 2018). Such differences in attentional
scope in creatives have often been interpreted as arising from a deficit in
cognitive control (Vartanian, 2002; Gu et al., 2018). Yet, a more
fundamental explanation may be found by viewing these findings within
the context of atypical incentive salience processing. Incentive salience
processes transform neutral sensory data into attention-worthy and
motivationally-relevant information (Berridge, 2012), in effect making
some information stand out against the rest. Salient information, in turn,
has preferential access to higher level cognitive resources. As such,
salience processes play a direct role in guiding the allocation of
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attention, by selectively prioritizing cognitive and perceptual informa-
tion for further processing, and behavior, by motivating goal pursuit and
seeding action selection processes (Harsay et al., 2012). The consider-
ation of salience processes may therefore be central for understanding
the higher level patterns of thought and behavior that underpin per-
sonality differences conducive to creativity (see Gross & Schooler, in
press, for more detailed theoretical argument).

Past research has reported demonstrable variation in individuals’
tendencies to attribute incentive salience to reward cues (e.g. Meyer
et al., 2012; Flagel et al., 2009; Beckmann & Chow, 2015; Villaruel &
Chaudhri, 2016). For example, in reinforcement learning contexts, in-
dividual differences in the tendency to attribute motivational relevance
to reward associated cues have been observed; some individuals are
found to reliably assign incentive salience to information related to a
reward — so called sign trackers — while others only assign incentive
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salience to the reward itself — so called goal trackers (Robinson et al.,
2014; Beckmann & Chow, 2015). Various higher order personality traits
have also been theoretically associated with individual differences in the
attribution of salience (DeYoung, 2013), most notably curiosity (Fitz-
Gibbon et al., 2020). In particular, it has been suggested that curiosity
may be characterized by a reward sensitivity to information (Kidd &
Hayden, 2015; Gottlieb et al., 2020), whereby information reflects a
motivationally salient reward (FitzGibbon et al., 2020). In other words,
individual differences in curiosity are suggested to reflect differences in
the tendency to experience information gain as rewarding, resulting in a
greater attribution of incentive salience to stimuli or situational cues
that indicate potential for learning (Murayama et al., 2019). These
dopamine-mediated processes in turn drive the higher level patterns of
thought and behavior we associate with curious individuals, such as
behavioral exploration and knowledge-seeking.

Typically, information is assigned a high degree of salience if it is
rewarding, relevant, or informative (e.g. surprising, novel, or aversive;
Horvitz, 2000; Matsumoto, & Hikosaka, 2009; Redgrave & Gurney,
2006; Schultz, 2015); however, for some individuals these processes are
altered leading to attentional abnormalities that drive downstream
cognitive and behavioral differences. Indeed a growing body of research
has grounded the characteristics associated with schizophrenia-
spectrum disorders (i.e. from subclinical schizotypy to schizophrenia)
within a salience processing framework referred to as the aberrant
salience model (Kapur, 2003). This framework posits that several char-
acteristics observed in schizophrenia and schizotypy stem from lower
level disturbances in the assignment of incentive salience driven by
dysfunctional dopaminergic activity in the midbrain (Heinz and Schla-
genhauf, 2010; Heinz et al., 2019). These disturbances cause informa-
tion that is irrelevant or neutral to be attributed with motivational
salience, leading individuals to perceive spurious correlations and to
attribute an especial significance to random information (Kapur, 2003).
Over time, these processes contribute to the higher order manifestations
of schizotypy and schizophrenia, including eccentric ideation, percep-
tual aberrations, and attentional abnormalities (Haselgrove et al., 2016).

Given the strong associations between both curiosity and creativity,
and schizotypy and creativity, it is plausible that creativity reflects yet
another phenotype of salience processing which, at least in part, over-
laps with the patterns of salience attribution observed in schizotypy and
curiosity (Gross & Schooler, in press). Similar patterns of salience pro-
cessing in creatives and schizotypes could explain why much of the same
attentional = phenomena that has been documented in
schizophrenia-spectrum disorders have been observed in the context of
creativity. For example, both have previously been associated with
distractibility and failures of attentional inhibition (Carson et al., 2003;
Marsh et al., 2017; Minas & Park, 2007). Paradigms such as negative
priming (NP) and latent inhibition (LI) test attentional inhibition by
examining the degree to which irrelevant distractors interfere with
on-going task performance (Beech & Claridge, 1987; Dawes et al.,
2022). Reduced performance on such paradigms, reflected by an
inability to ignore irrelevant information, has been demonstrated for
decades in those with subclinical schizotypal characteristics (Braun-
stein-Bercovitz & Lubow, 1998; Moritz et al., 1998; Vink et al., 2005;
Kumari & Ettinger, 2010). Importantly, these disinhibited attentional
patterns have also been observed in the context of creativity (Stavridou
& Furnham, 1996; Kwiatkowski et al., 1999; Carson et al., 2003; Burch
et al., 2006; Chirila and Feldman, 2012). Increasing evidence suggests
that attentional abnormalities in schizophrenia may result from the
described deficits in incentive salience processing (Miller, 1993;
Cortinas et al., 2008; Morris et al., 2013; Miyata, 2019). Given the long
observed link between schizotypy and certain forms of creativity (for
meta-analytic review, see Acar & Runcom, 2012), it is therefore plau-
sible that differences in salience processing may reflect the underlying
mechanism driving the shared attentional differences observed between
these two constructs, as well as the propensity for original or eccentric
ideation.
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Characteristics shared between curiosity and creativity may similarly
be explained by overlaps in patterns of salience processing. Both crea-
tivity and curiosity have been associated with increased novelty-seeking
(Goctowska et al., 2019; Silvia, 2012) and intrinsic motivation (Di
Domenico, & Ryan, 2017; Grigorescu, 2020; Liu et al., 2016; Tan et al.,
2019). These motivated behaviors have in turn been associated with the
salience coding functions of dopamine neurons. Indeed, modern theory
suggests that incentive salience processes contribute to seeking behavior
and motivation by imbuing information with motivational relevance
(Bromberg-Martin et al., 2010; McClure et al., 2003). Curiosity — the
motivation to learn— has also long been associated with dopamine ac-
tivity in general (Gruber et al., 2014) and, recently, with incentive
salience processes in particular (FitzGibbon et al., 2020). An increased
propensity to attribute incentive salience to environmental stimuli may
similarly explain the occurrence of motivated behavior, novelty-seeking,
and exploratory drive observed in creatives (e.g. Prabhu et al., 2008; De
Jesus et al., 2013), while further explaining the association between
curiosity and creativity.

In the following studies we therefore sought to extend considerations
of incentive salience processing to the domain of creativity in order to
examine whether these processes may represent an underexplored factor
explaining individual differences in creative performance. To do so, we
borrowed two paradigms that have previously been used to study
atypical salience processing in schizotypy.

In study 1 we examined a neural indicator of salience processing by
employing an audio-visual oddball paradigm. The oddball paradigm has
been widely used to examine atypical salience processing in
schizophrenia-spectrum disorders (Ford, 1999). In this task, participants
are presented with low probability (i.e. oddball) stimuli amidst higher
probability standard stimuli. An established literature shows that the
oddball produces stimulus-locked event-related potentials (ERPs), most
notably a positive deflection at ~ 300 msec (P300) following the onset of
the stimulus (for meta-analysis, see Jeon & Polich, 2003). However, a
diminished P300 response to the oddball has been observed in in-
dividuals across the schizophrenia spectrum, from schizophrenia
(Hamilton et al., 2019; Kiehl et al., 2005) to subclinical schizotypy (e.g.
Mathalon, 2019; Sumich et al., 2008). Given that this task is sensitive to
individual differences at the subclinical level, and further, that sub-
clinical schizotypy has been found to be reliably associated with crea-
tivity (Acar & Runcom, 2012), we predicted that we would see a similar
pattern of salience processing in creatives — namely, a diminished P300
response to the oddball.

Study 2 examined a psychological indicator of incentive salience
processing in the context of everyday rewards. Both curiosity and
schizotypy have been associated with dopamine-mediated reward
learning in different ways. Knowledge-seeking behaviors in curious in-
dividuals are thought to be driven by both enhanced feelings of liking
and wanting of information (Litman, 2005). Whereas liking simply re-
flects the affective experience of rewards, wanting is thought to be
driven by incentive salience processes which imbue reward related in-
formation with motivational value. This in turn drives individuals to
seek out potential rewards (Olney et al., 2018). In other words, incentive
salience drives wanting, but not necessarily liking of rewards (Berridge,
2009; Berridge, 2012; Olney et al., 2018). Curiosity may therefore
reflect heightened attribution of incentive salience to informational “re-
wards” (FitzGibbon et al., 2020); this in turn drives curious individuals
to engage in more exploratory behaviors in order to increase the po-
tential for information gain. On the other hand, schizotypy has been
found to be associated with aberrant reward learning reflected by a
diminished association between liking and wanting of reward related
stimuli (Li et al., 2020). The aberrant salience account of schizophrenia
posits that this altered functioning leads to the high order motivational
abnormalities commonly observed in schizophrenia (Strauss et al.,
2014).

In short, two constructs related to creativity— schizotypy and curi-
osity— have previously been suggested to reflect distinct patterns of
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association with incentive salience processing in the context of liking
and wanting of rewards. Using a paradigm that has previously been used
to empirically examine these relationships in schizotypes, we examined
the association between liking and wanting as a function of creativity in
study 2. Here it was again predicted that we would observe a similar
pattern of atypical incentive salience processing for creatives as has been
observed for schizotypes, namely, a diminished relationship between
liking and wanting.

1.1. Summarized objective

Given the theorized influence of salience processes across various
levels of processing (Chun et al., 2019), we chose paradigms that tar-
geted multimodal aspects of incentive salience processing. Study 1 used
a classic paradigm for examining aberrant salience processing in schiz-
otypes at the neural level. Here it was predicted that creatives would
display similarly diminished processing of novel stimuli- i.e., an under
attribution of salience to prominent information. In study 2, we turn to
psychological evidence of atypical incentive salience processing in the
context of everyday rewards. Here it was again predicted that creatives
would display atypical assignment of incentive salience as reflected by a
reduced association between liking and wanting of rewards. Together,
these studies aimed to offer initial, converging evidence of atypical
incentive salience processing in creatives.

2. Study 1

A diminished neural response to oddball stimuli in schizotypes, as
reflected by a reduced amplitude in the P300, is one of the most repli-
cated findings in this area (Hamilton et al., 2019; Kiehl et al., 2005).
Prevailing views consider P300 amplitude to reflect attentional shifts
and salience processing (Tang et al., 2020). The context updating theory
of oddball processing, for example, suggests that detection of the oddball
target via sensory processes drives an attention-driven comparison to
working memory based representations of previous events (Polich,
2007). As the previous events in the oddball paradigm are repeated
standard stimuli, these comparison processes will flag the oddball as
unexpected resulting in an update to the brain’s current model. This
contextual updating is reflected by a large P300 amplitude. A dimin-
ished P300 response, therefore, is interpreted to reflect diminished
surprise resulting from the oddball; the surprising— and thus typically
salient— stimulus is not being appraised as such.

In a solely behavioral examination of the oddball task, it was found
that creativity was associated with similar response patterns as previ-
ously observed for schizophrenics (Gross et al., 2019). Here the figural
portion of the Torrance Tests of Creative Thinking (TTCT; Cramond,
et al., 2005) was used to measure divergent thinking, and an auditory
oddball paradigm was used in which participants were required to press
one of two arrow keys depending on presentation of a standard (high
probability) tone or the target (low probability, i.e., oddball) tone. The
results indicated that creativity was associated with an abnormal
oddball response reflected by slower reaction time to the oddball stim-
uli; a finding that parallels existing observations in schizophrenia-
spectrum research (Kiehl & Liddle, 2001). Beyond this, very little
research to date has examined relationships between creativity and
neural responses to oddball stimuli. Recent studies have examined ERP
responses to unusual art, such as ambiguous paintings (Csizmadia et al.,
2022) as well as novel metaphorical and nonsensical phrases (Rutter
et al., 2012). However, only one study that we are aware of has exam-
ined neural responses within a traditional oddball paradigm (Zabelina &
Ganis, 2018).

Zabelina & Ganis (2018) designed an experiment to examine the
hypothesis that some forms of creativity rely on enhanced attentional
control processes. Therefore an active 3-stimulus version of the oddball
task was used in which participants were required to make key presses to
indicate the presence of a target stimulus amidst compelling distractors.
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This version of the oddball task requires significant attentional control
making it well-suited for examining the executive control aspect of
oddball response, namely, the N200 ERP response — a negative deflec-
tion occurring roughly 200-350 ms following stimulus onset. To
examine relationships between cognitive control and creativity, two
forms of creativity were included; divergent thinking and real-life cre-
ative achievement. It was predicted that divergent thinking in this
context would require attentional inhibition, switching, and focus, i.e.,
greater cognitive control. In line with this hypothesis, it was found that
divergent thinking, but not real-life creative achievement, was associ-
ated with larger differences in the N200 ERP response between frequent
and infrequent stimuli reflecting greater engagement of attentional
control. However, no relationship was observed between divergent
thinking and the P300 novelty detection response.

Based on these findings, the authors proposed that distinct atten-
tional styles may support different forms of creativity. While some forms
of creativity seem to rely on attentional flexibility, the ability to switch
and inhibit which relies on enhanced executive control functions, others
may be benefitted by leaky attention, whereby attention is diffuse and
irrelevant information “leaks” in. Zabelina & Ganis’ study was designed
to examine the first attentional phenotype — attentional flexibility and
control- but was not designed to investigate the potential role of salience
processing in driving “leaky attention”.

The present study examined the aberrant salience account of oddball
processing (Cortinas et al., 2008; Bachiller et al., 2015) as an alternative
to the executive control explanation. Therefore a standard 2-stimulus
oddball task was used in which an infrequent target is randomly pre-
sented amidst a stream of standard stimuli. In this version of the oddball
task, the primary feature is the novelty of the infrequent stimulus, not
the presence of distractors within a difficult ongoing task. Past research
suggests this paradigm is better suited for examining individual differ-
ences in neural responses to salient stimuli (Polich, 1998; Katayama &
Polich, 1996). While numerous versions of the oddball task exist,
schizophrenia-spectrum studies have largely focused on the P300
component using a 2-stimulus task (standard and target stimuli only; see
meta-analysis, Bramon et al., 2004). As our study was primarily moti-
vated by the link between schizotypy and creativity, we opted to simi-
larly employ a 2-stimulus task.

Although the classic oddball task usually uses a single sensory mo-
dality (i.e., visual or auditory), we additionally used a bimodal (i.e.,
audio-visual) version of the paradigm given past research indicating that
increased P300 sensitivity within such paradigms (Campanella et al.,
2010; Campanella et al., 2012) may make it easier to detect between
group differences (e.g., Campanella et al., 2010). Furthermore, we used
a figural drawing task in which participants were given a longer 10 min
to complete the task. Performance on this task was previously associated
with longer latencies when responding to the oddball tone (Gross et al.,
2019), therefore we conjectured that this task may be suitable for
capturing the type of creativity characterized by “leaky” attention.

Given the established relationship between creativity and schizo-
typy, as well as their shared patterns of disinhibited attention, we pre-
dicted that individuals high in creativity would exhibit a similar pattern
of neural responses as observed in schizophrenia research. In particular,
prior research has consistently linked schizophrenia-spectrum disorders
to reduced P3b amplitude (see reviews; Ford et al., 1992; McCarley
et al., 1991), with similar findings observed in unaffected first-degree
relatives (Blackwood et al., 1991; Kidogami et al., 1991; Roxbourough
et al., 1993), suggesting the presence of P3b as a biomarker even in non-
clinical populations. Given our focus on extending these findings to
personality dimensions related to schizotypy, particularly creativity, we
concentrated our analysis on the P3b component (referred to here as
P300), rather than other ERPs like N200 or P3a, in the oddball task. It
was predicted that creativity would be associated with diminished P300
amplitude to the oddball stimulus. Such a finding would indicate that
the relationship between oddball performance is not solely due to
dampened executive control but rather likely reflects reduced
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attribution of salience to prominent stimuli.

2.1. Methods

2.1.1. Participants

The study was approved by the Institutional Review Board at Uni-
versity of California, Santa Barbara and met the requirements for human
subjects testing. Fifty-one individuals (age range 18-27, mean: 19.77, 30
females) from the University of California, Santa Barbara, completed
this experiment. Sample size was informed by (and exceeded) studies
examining relationships between ERP components and creativity (i.e.,
Zabelina & Ganis, 2018). Additionally, the final subject number was
determined by a power analysis examining a question unrelated to the
current paper (to be addressed in a subsequent paper); therefore the
total number of participants was determined before analysis. Partici-
pants were compensated $20/hour for their time.

2.1.2. Design
The experiment was a within-subjects experiment with 1 factor
(standard stimulus vs. oddball stimulus, see Fig. 1).

2.1.3. Materials

2.1.3.1. Oddball task. Stimulus presentation and timing were
controlled using a custom script built using PsychoPy v3 (Peirce, 2007;
Peirce et al., 2019) on a Lenovo ThinkPad laptop running Windows 7
with a 15.5 in. display. Participants sat, unrestrained, at 70 cm from the
display. All stimuli were presented on a neutral gray background. Each
block of the experiment was initiated when the participant pressed the
spacebar, at which time participants were presented with a fixation
cross. Participants were instructed to fixate on the cross and attempt to
keep their eyes at that location throughout the duration of each block.
After 1500 ms, a small circle (1.4 cm diameter, subtending 1.14°)
appeared for 100 ms centered on the fixation cross. Then, following a
1000 ms ISI, an image (measuring 4.5 cm square, subtending 3.7°)
appeared for 100 ms. The image was either an apple (.25 probability) or

1000 ms

)

el
. ; 1500 ms
; 1000 ms

Fig. 1. Diagram of timing parameters and stimulus presentation for study 1.
Note the first slide in the image reads: “Press space to continue. Count
the Apples.”.

100 ms. —

100 ms. —
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a rock (.75 probability). The identity of the stimulus was determined
using a truly random number generator. If an apple was presented, it co-
occurred with a tone (see Fig. 1 for a schematic of a trial). The tone was
the native PsychoPy sound (‘A’, or 440 hz) and was also played for 100
ms at a clearly audible, yet comfortable volume. Each 20 stimulus block
lasted approximately 1 min.

2.1.3.2. Creativity measure. Creativity was measured using the
performance-based Incomplete Figures Task, which is part of the larger
Torrance Tests of Creative Thinking (TTCT; Torrance, 1972) battery. In
this task, participants are given a sheet of paper with four boxes, with
each box containing a few ill-defined starting lines. Participants are
given 10 min to complete 4 drawings making use of the initial lines
provided, and are explicitly instructed to strive to be creative in this
activity.

2.1.4. Procedure

After obtaining consent, participants were fitted with a 20-channel
EEG cap. They were then given 10 min to complete the Incomplete
Figures Test. Following this, participants were directed to a sound and
light attenuated booth where they sat in a comfortable chair for the
duration of the experiment.

Following instructions and completion of an instructional block
delivered under observation of the experimenter, participants
completed the oddball task. Participants initiated each block in the task
by pressing the spacebar. Once the spacebar was pressed, a fixation cross
appeared in the center of the screen and participants were instructed to
fixate on the cross throughout the block. Each block consisted of 20
images and there was a.25 probability that each image would be an
apple paired with a tone. Since a truly random process determined the
stimulus sequence, with no restrictions, the actual number of apples
varied on a block by block basis. At the end of each 20 stimulus block,
participants were asked to indicate the number of apples that they
counted throughout the block. They were further asked to indicate their
level of fatigue on a scale from 1 to 10 and to answer a forced choice
question regarding whether they were awake during the block. After a
break, the duration of which was chosen by the participant, the next
block was initiated with the press of the space bar.

After every 5th block, the door to the booth was opened and one of
the experimenters briefly engaged with the participant while preparing
the next set of 5 blocks. Each participant completed 6 sets of five blocks,
for a total of 30 blocks. With breaks, the entire experiment lasted 1.5 h.
At the end of the experiment, participants were taken out of the booth,
the EEG cap was removed, and they were given the opportunity to clean
the gel from their hair. Participants then completed a measure of crea-
tive behaviors and the paranormal ideation scale.”

2.1.5. EEG data collection

A Mobita EEG system (manufactured by TMSi) was used to record
EEG data at a sampling rate of 1000 Hz. EEG was recorded from 20 scalp
electrodes in the Electro-Caps standard 10/20 placement and two
earlobe reference electrodes. There were no other electrode locations (e.
g. EOG or EMG). Measuring impedance before the start of data collection
was not possible, so connection quality was inspected by examining raw
EEG. This included asking the participant to blink their eyes, look to the
extremes, confirmation of the presence of alpha activity while eyes were
closed, and examining if any of the electrodes responded differently to
muscle tension or slight movement. While technical issues prevented
some data collection, no participants were excused due to data quality.
Attempts were also taken to electrically isolate the booth: wrapping it in

2 Neither of these measures are reported here. The paranormal ideation scale
was collected to address a question not explored in this analysis. Due to
experimenter error, responses to the creative behaviors measure were lost for
half of the participants.
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copper cloth, using proper grounding, and using battery operated
equipment. Despite these measures, 60 hz line noise was still apparent in
the EEG.

2.1.6. EEG preprocessing

EEG was processed using EEGLab (Delorme & Makeig, 2004) and
custom Matlab scripts. Raw EEG was re-referenced offline to the average
ear lobe and was filtered with a low-cutoff of.5 and a high-cutoff of 50
using EEGlab FIR filter to minimize phase distortion. Data were epoched
around the stimulus, starting 200 msec before the onset of the stimulus
and ending 600 ms after stimulus presentation. The epoch was baselined
to average activity before the onset of the stimulus (—200 to 0 msec). In
order to reduce movement and eye blink artifacts, epochs with a
deflection +/- 100 mV in any scalp electrode were excluded from
analysis. On average, 30 percent of trials were rejected (minimum 3
percent, maximum 60 percent).

2.2. Results

2.2.1. Analytic overview

The results will be examined in three parts. First, the relationship
between creativity and other measures associated with the Incomplete
Figures Task task will be examined. Then, ERP analysis will be con-
ducted to confirm typical P300 effects. Finally, the relationship between
creativity and the P300 will be assessed. Previous studies have examined
the relationship between the P300 and other personality characteristics
(e.g. schizotypy; Sumich et al., 2008). The current analysis follows the
same approach: averaging across electrodes based on region to decrease
both noise and the number of electrodes in the analysis and followed by
a regression approach using the personality characteristic (creativity in
the current study) as the criterion variable and the ERP measures (mean
amplitude of P300 differences wave) as predictor variables. ERP data
was preprocessed and exported using EEGlab and custom Matlab scripts.
All analyses were conducted in IBM SPSS statistical software, version 26.

2.2.2. Creativity measure

Each of the four drawings from the Incomplete Figures Task was
scored by two trained research assistants on the following metrics:
creativity, title abstractness (abstractness), artistic talent (talent), and
elaborateness (effort). Scores were given on a scale from 1 (not at all) to
5 (extremely). There were positive correlations between creativity and
each of the other metrics (see Table 1). In order to examine the unique
relationship between creativity and the EEG measures, a separate
regression was conducted with the creativity score as the DV and the
remaining scores as predictor variables. The residuals from this analysis
reflect the unique variability of creativity and were used in subsequent
analyses.

2.2.3. Oddball vs. Standard stimuli ERP

In order to examine whether or not the typical oddball-associated
P300 was observed, epochs were averaged for each stimulus type:
oddball and standard. The mean amplitude of the ERP was calculated
surrounding the peak of the P300, between 320 and 420 ms. Further-
more, in line with previous studies examining the relationship between
the P300 and personality characteristics (Sumich et al., 2008), elec-
trodes were grouped based on location and averaged within region (see

Table 1

Correlation between Incomplete Figures Task scores.
Variable Creativity Artistic Talent Abstract Title Effort
Creativity .568%** .287* 423%*
Artistic Talent .0441 .800**
Abstract Title .046

Note. * indicates correlation is significant at the.05 level. ** indicates that the
correlation is significant at the.01 level (2-tailed).
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Fig. 2). A 2 (stimulus type: oddball vs. standard) x 7 (electrode region)
repeated measures ANOVA revealed that there was a significant main
effect of stimulus type, F(1,50) = 146.23, p < .001, ng = .74, such that
there was an increase in P300 amplitude for the oddball stimulus
compared to the standard stimulus. There was also a main effect of re-
gion, F(6,300) = 233.8, p < .001,, ng = .89. Finally, there was a sig-
nificant interaction between stimulus type and region, F(6,300) =
164.38, p < .001,, ng =.77. indicating that there was a variation in the
difference between oddball and standard stimuli across regions. Follow
up t-tests confirmed that there was a significant increase in mean P300
amplitude for oddball stimuli compared to standard stimuli for midline,
bilateral central, and posterior regions (all p’s < .007; corrected), but not
for L.A. or R.A.. The distribution of the difference between oddball and
standard stimuli during the P300 time period can also be seen in the
topographical plot (see Fig. 3).

2.2.4. Creativity and the P300

Next, a linear regression was conducted to examine the relationship
between the creativity score and the difference in mean amplitude of the
P300 between oddball and standard stimuli. Specifically, the residuals
for creativity were included as the DV and the difference in the mean
amplitude P300 for each of the 7 regions were included as the predictor
variables. Table 2 summarizes the results from this analysis.

Consistent with the a priori hypothesis that creativity is related to
atypical salience processing, there was a significant negative relation-
ship between creativity and the magnitude of the P300 difference in the
midline region (f = -0.694, p = .046), suggesting that the more creative
an individual is the smaller the neural response to the oddball stimulus
(see Fig. 4).

Exploratory analyses examined the relationship between the mean
amplitude of the P300 difference wave and the remaining scores from
the Incomplete Figures Task (Artistic Talent, Abstractness of Title, and
Effort; see Table 3). After correction for multiple comparisons in these
exploratory analyses, there was no relationship between the mean
amplitude of the P300 difference wave and talent. However, both
abstractness and effort were significantly related to a decrease in the
P300 difference in the Left Posterior region (abstractness: § = -1.437, p
= .03; effort: f = -1.433, p = 0.033) and an increase in the P300 dif-
ference in the Right Posterior region for abstractness (p = 1.412, p =
.011; note that the Right Posterior region approached significance effort:
B =1.242, p = 0.087).

2.3. Discussion

The results of Study 1 suggest that there is an atypical assignment of
salience to oddball stimuli, as indicated by a diminished P300 response,
for more creative individuals. This extends a well-documented effect in
schizophrenia-spectrum disorders to the domain of creativity. In doing
so, this study helps establish that the relationship between schizotypy
and creativity may not be driven by a superficial similarity, e.g., a shared
proneness to eccentric or original ideation, but rather by similar un-
derlying neural mechanisms.

The present study differs in important ways from the study led by
Zabelina and Ganis (2018) in which neural responses to the oddball
were also examined in the context of creativity. As mentioned, two types
of creativity were examined in Zabelina & Ganis (2018); divergent
thinking and real-life creative achievement. Divergent thinking was
assessed with a composite score based on performance on three creative
tests from the abbreviated Torrance Tests of creativity (Torrance, 1974):
one verbal task and two figural tasks. Real life creative achievement was
assessed using a self-report measure in which participants report the
frequency of their creative achievements across 10 domains (e.g. music,
dance). Divergent thinking, but not creative achievement, was associ-
ated with an increased N200 response (Zabelina & Ganis, 2018) indi-
cating greater cognitive control. Typically oddball paradigms that
include a third distractor variable split the P300 response into a P3a and
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Fig. 2. A — G: ERP to audiovisual oddball (blue/dashed line) and standard (red/solid line) stimuli for each of the 7 electrode regions. H: Electrode locations and 7
regions: Left and Right anterior (L.A. and R.A.), Left and Right Central (L.C. and R.C.), Left and Right Posterior (L.P. and R.P.), and Midline (M;). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)

P3b component, with the former reflecting novelty detection and the
latter task-relevance. The P3b component in this case is thought to
indicate the degree to which the stimulus is relevant. However, no sig-
nificant relationship was observed between the P3b ERP and divergent
thinking nor real life creative assessment in their study.

The capability of the present study to detect a relationship between
creativity and the P300 ERP component may be attributed to the type of
oddball paradigm used in this study. As previously mentioned, Zabelina
& Ganis (2018) used an active, 3-stimulus oddball paradigm requiring

increased executive functioning. This paradigm is well-suited for
examining relationships between creativity and attentional control, but
may not be as suitable for detecting relationships between creativity and
salience processing of novel stimuli.

On the other hand, the 2-stimulus oddball task used in the present
study has long been traditionally used to study P300 amplitudes (Polich,
1991; Polich & Herbst, 2000; for meta-analysis, see Bramon et al., 2004).
While comparisons between the 3-stimulus and standard 3-stimulus
oddball paradigms have revealed comparable P300 amplitudes
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Fig. 3. Topographical plot of event-related potential difference (audiovisual oddball — standard) between 320ms and 420ms post-stimulus. The distribution and
magnitude of the difference is consistent with the P300 oddball response, showing a large positive deflection in central parietal and occipital electrodes for the

oddball compared to the standard stimulus.

Table 2
Mean P300 difference in electrode regions predicting creativity.
DV v B SE P
Creativity
Left Anterior —0.103 0.069 —0.590 0.142
Left Central 0.124 0.096 0.575 0.202
Left Posterior 0.028 0.098 0.144 0.780
Midline —0.093 0.045 —0.694 0.046*
Right Anterior 0.061 0.074 0.345 0.413
Right Central 0.129 0.088 0.623 0.148
Right Posterior —0.142 0.103 -0.719 0.177

Note. * indicates p < .05.
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(Katayama & Polich, 1996) some research suggests the 2-stimulus
paradigm may be better suited for detecting differences between
groups, particularly in clinical contexts (Polich, 1998; Katayama &
Polich, 1996) as the two paradigms have been shown to elicit different
P300 latencies (Katayama & Polich, 1996). Furthermore, the chal-
lenging 3-stimulus variation may be problematic for detecting salience
based differences as increased task difficulty has been found to affect
P300 amplitudes (Hagen et al., 2006) which may make it more difficult
to obtain between subjects differences. Indeed, the difference in P300
amplitude between patients and controls has been found to be greatest
when task difficulty is lowest (e.g. in Alzheimers patients, Polich &
Corey-Bloom, 2005). A recent meta-analysis comparing P300 amplitudes

Creativity and P300

1 2 3 4 5 6

P300 Difference In Middle Region

Fig. 4. The relationship between Creativity and P300 difference in Midline electrodes.
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Table 3
Mean P300 difference in electrode regions predicting creativity.

DV v B SE P

Artistic Talent
Left Anterior 0.093 0.052 0.750 0.234
Left Central -0.077 0.072 —0.498 0.879
Left Posterior 0.113 0.074 0.831 0.396
Midline 0.021 0.034 0.216 1
Right Anterior —0.073  0.056 —0.580  0.579
Right Central 0.002 0.066 0.015 1
Right Posterior —0.050 0.077 —0.356 1

Abstractness of Title IV B SE P
Left Anterior —0.088 0.129 —0.279 1
Left Central 0.031 0.180 0.080 1
Left Posterior —0.501 0.184 —1.437 0.03*
Midline 0.090 0.085 0.370 0.885
Right Anterior 0.133 0.139 0.411 1
Right Central —0.265 0.164 —0.706 0.339
Right Posterior ~ 0.505 0.193 1.412  0.036*

Effort v B SE P
Left Anterior —0.087 0.057 —0.630 0.411
Left Central 0.058 0.080 0337 1
Left Posterior -0.217 0.082 —1.433 0.033*
Middle 0.042 0.038 0.399 0.804
Right Anterior 0.071 0.062 0.506 0.765
Right Central —0.104 0.073 —0.634 0.486

Right Posterior ~ 0.194 0.086 1.242  0.087

Note. P values are adjusted for multiple comparisons. * indicates adjusted p <
.05.

in ADHD patients to controls further found that the two-stimulus oddball
paradigm had enough power to detect differences in P3b between
groups, while the three-stimulus paradigm did not (e.g. ADHD vs con-
trols; Cui et al., 2017).

Lastly, we used an audio-visual version of the oddball paradigm
which has also been found to increase sensitivity in detecting P300
differences across individuals (Campanella et al., 2010; Campanella
et al., 2012). Indeed, Campanella et al. (2010) demonstrated that dif-
ferences in P300 amplitudes could not be detected between two groups
that differed on subclinical dimensions (anxiety and depression) using a
unimodal oddball task, while bimodal task allowed these differences to
be detected. Our observed effects may therefore further support the
merit of a two-stimulus, bimodal paradigm for detecting individual
differences in salience processing.

The current findings may further suggest that some types of crea-
tivity, or creative contexts, require attentional control while others may
be benefitted by a looser, or atypical, distribution of attention. Zablina &
Ganis (2018) found evidence that divergent thinking, but not real life
creative achievement, is associated with enhanced cognitive control.
This finding was interpreted as supporting the theoretical notion that
divergent thinking and real life creativity may characterize distinct
attentional phenotypes— flexible versus leaky attention, respectively
(Zabelina et al., 2016). Whereas divergent thinking, which has previ-
ously been related to intelligence (Batey et al., 2009; Nusbaum & Silvia,
2011), is associated with enhanced executive functioning and atten-
tional flexibility, real life creativity may reflect the disinhibited, “leaky”
attentional patterns previously linked with schizotypy (Zabelina et al.,
2015).

The authors suggested that attentional flexibility may be of partic-
ular benefit for divergent thinking in laboratory tasks given that such
tasks generally require time-pressured responses; participants are
required to generate as many responses as possible within a very short
time frame (2-3 min). Successful performance on these tasks therefore
requires increased executive function, supporting focus and inhibition
towards distraction. One important difference in our study, which may
further explain the different pattern of results, is that a much larger time
window (over three times) was allotted to participants to complete the
creative drawing task. It is possible that our measure of creativity
required less attentional control, instead being benefited by an atypical
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attention style. Future research should further differentiate attentional
characteristics associated with different types of creativity and different
creative contexts.

Given the growing prominence of the aberrant salience hypothesis
for explaining the characteristics of schizophrenia spectrum disorder
(Van Os, 2009), more recent studies are beginning to interpret the
diminished oddball effect in schizotypes within an aberrant salience
framework (Cortinas et al., 2008; Bachiller et al., 2015). We propose an
extension of this framework to creativity. In particular, we suggest that
the current findings, as well as previously observed attentional patterns
in creatives, may reflect differences in incentive salience processing.
Study 1 offered suggestive evidence for atypical salience processing in
creatives. In study 2, we continue this line of research by examining
psychological indicators of salience processing in the context of reward.

3. Study 2

When information is imbued with salience it drives individuals to-
wards that information, motivating them to attend to, think about, and
act upon it. These processes are particularly relevant for driving
approach behavior towards potential rewards. Indeed the aberrant
salience hypothesis posits that motivational abnormalities observed in
schizophrenia, as well as those scoring highly in schizotypy, are the
result of disrupted salience attribution of rewarding information such
that individuals over-attribute salience to non-pleasurable stimuli and
under-attribute salience to pleasurable ones. This is reflected by a
diminished correspondence between liking and wanting, wherein in-
dividuals are less motivated to pursue what has previously been expe-
rienced as rewarding (Li et al., 2020). We sought to test whether this
reduced relationship between liking and wanting holds for individuals
as a function of creativity as well. To examine this, associations between
creativity and incentive salience processing were examined in the
context of enjoyment (liking) and pursuit (wanting) of everyday
rewards.

We further investigated the mediating role of positive spontaneous
thoughts. Previous research supports the notion that positive sponta-
neous thoughts act as a psychological indicator of incentive salience by
mediating the link between liking and wanting, thereby driving
approach behavior (Rice & Fredrickson, 2017). Information that has
previously been associated with rewards gets encoded along with cues
associated with those rewards. These cues in turn influence attention
and spontaneous thought content in order to catalyze goal-directed
behavior (Klinger, 2013). Indeed, one of the reasons spontaneous
thoughts tend to be meaningful or goal directed (Gross et al., 2021) may
be to maximize approach behavior toward potential rewards.

The theory proposing that positive spontaneous thoughts can reflect
incentive salience of information is relatively new; despite this it has
already been tested in the context of schizotypy (Li et al., 2020). Li et al.
(2020) found that individuals high in schizotypy show reduced re-
lationships between reported positive emotions experienced during
daily activities (i.e., liking), positive spontaneous thoughts about these
activities, and the desire to pursue these activities (i.e., wanting). In line
with this recent work, we predicted that creativity would similarly
interact with enjoyment (i.e., liking) such that the association between
liking and wanting, as well as the association between liking and posi-
tive spontaneous thoughts, would be diminished for individuals high in
creativity, evidencing abnormal incentive salience processing.

3.1. Methods

3.1.1. Participants

After approval by the Institutional Review Board at University of
California, Santa Barbara, 200 participants were recruited from Turk
prime (cloudresearch.com). As the data for this study consists of nested
responses (multiple responses per participant), sample size was calcu-
lated for the level one variable (i.e. participant level) of a multi-level
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regression. A sample size of 193 was computed using an a priori power
analysis, assuming a small effect (.2), alpha of.05 and power of.80. We
collected data from 200 participants to allow a buffer for post-data
collection quality control exclusions (see Procedures 3.1.3).

Given data quality concerns using Amazon Mechanical Turk, several
site features were utilized as inclusion criteria. This included: blocking
duplicate IP addresses, blocking suspicious geocodes, verifying worker
country location and only recruiting within the US, only including
CloudResearch approved participants, and utilizing Turks Universal
Exclude list. Furthermore, participant Turk workers needed between 95
and 100 % approval ratings for past studies (“hits”) and must have
completed between 0 and 500 studies in the past. As some participants
on this site can complete 99 % of the survey but not enter the code to
receive payment, data was collected for 210 participants. Of these, a
final N of 198 (mean age: 35.83, 132 females) was included after the
removal of participants who failed to pass the attention checks (see
Procedures 3.1.3).

3.1.2. Design

The study used a one-sample, nested design, in which each partici-
pant reported their wanting, liking, and positive spontaneous thoughts
regarding several potentially rewarding, everyday activities.

3.1.3. Measures

3.1.3.1. Creativity task. The Alternate Uses Task (AUT), a classic mea-
sure of divergent thinking (Guilford, 1967), was used to measure crea-
tivity. In this task, participants are asked to generate creative and
original uses for an everyday object, in this case a cardboard box. Par-
ticipants were given 2 min to complete the task.

3.1.3.2. Incentive salience paradigm. The incentive salience paradigm
was borrowed from Rice & Fredrickson (2017). In this paradigm, par-
ticipants are instructed to rate assorted everyday activities, which
included being physically active, eating nutritious meals, commuting,
learning something new, socializing, running errands, relaxing, doing
chores, purchasing consumer goods, and caring for household members.
For each activity, participants rated the following: frequency of spon-
taneous thoughts [about the activity] within the last 24 h, how positive
the thoughts were, positive emotions experienced when engaging in the
activities (on a scale of 1, not at all, or 7, extremely and a “not applicable”
option), how much they want to do each activity in the next 24 h (on a
scale of 0, not at all, to 10, extremely). As in the original study, positive
spontaneous thoughts were operationalized as an indicator of incentive
salience, while positive emotions reflect liking of rewarding activities,
and how much participants reported wanting to engage in activities
reflected wanting. Participants were also asked the general frequency of
doing each activity (on a scale of 0, never, to 10, everyday) and levels of
autonomy over each activity (on a scale of 0, no autonomy, to 10, total
autonomy).

3.1.3.3. Schizotypy. Given previously observed relationships between
schizotypy and abnormal incentive salience processing, the Magical
Ideation Scale (MIS; Eckblad & Chapman, 1983) was included to control
for schizotypy. The MIS is a 30-item, True/False measure capturing in-
dividuals’ endorsement of paranormal ideas, experiences, and beliefs (e.
g. “Some people can make me aware of them just by thinking about
me”). The measure is often used as a measure of positive schizotypy and
has recently been reported as retaining good internal consistency
(Cronbach’s a = 0.77; Kallai et al., 2021).

3.1.4. Procedures

After providing informed consent, participants completed the
incentive salience paradigm described above in which they rated
everyday activities on a number of dimensions, including liking,
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wanting, positive spontaneous thoughts, frequency, and levels of au-
tonomy. Participants then completed the Alternate Uses Task (AUT;
Guilford, 1967). Following idea generation, they were asked to select
their top three creative ideas (Benedek et al., 2012). They then
completed the Magical Ideation Scale (MIS). The study took approxi-
mately 15 min to complete and participants were compensated at a rate
of $1 per 10 min.

Various checks were used in order to screen bots and/or inattentive
responders. For “check 1” participants were required to type the word
sandwich into a text box in order to initially proceed with the study.
Failing to pass this check resulted in immediate disqualification from the
study [i.e. before study participation could begin]. Within the study it-
self, a second attention check (“check 2”) was included which asked
participants to choose the response option “extremely”. Lastly, at the
end of the study (“check 3”), within the demographic questions, par-
ticipants were asked if there was any reason their data should not be
included and were given the following response options: 1) Please
exclude my data because I was distracted or had trouble paying atten-
tion, 2) Please exclude my data for some other reason, 3) Please exclude
my data because I didn’t answer some of the questions seriously, 4)
Please exclude my data because something else affected my participa-
tion negatively, 5) Include my data. Only the last option was considered
a viable option for passing this check. Four individuals failed to pass
check 2 and seven failed to pass check 3.

The three best ideas selected by participants in the creativity task
were rated independently by two trained research assistants based on
the consensual assessment technique (Amabile, 1982). Inter-rater reli-
ability was assessed using the following two indexes: the inter-class
correlation and cronbach’s alpha. A criterion of > .8 was necessary in
order for the ratings to be averaged across raters. This resulted in one
creativity variable: the averaged AUT scores (averaged over 6 scores: 3
ideas rated by 2 research assistants). The data was then analyzed using
multilevel modeling given the nested nature of the data (multiple ratings
for each activity nested within subjects). Participant ID was used as the
level 2 cluster. All analyses were conducted in IBM SPSS statistical
software, version 26.

3.2. Results

To examine the interactions between creativity and liking (i.e., posi-
tive emotions) a hierarchical linear model and a general build-up
strategy was used (Heck et al., 2014; Tabachnick and Fidell, 2013).
Starting with an intercept only model we examined whether the
outcome variable, wanting (i.e., desire to pursue the activity), differed
across individuals. A second model was then run adding in the level-1
predictors (liking and positive spontaneous thoughts, and covariates au-
tonomy and general frequency of activity). Finally, a third model was run
including level 2 predictors (the individual difference measures crea-
tivity and schizotypy, with the latter included as a covariate) to examine
interactions between creativity and liking in predicting wanting.

For the intercept-only model, wanting was added as a DV and a
random intercept was included. Here it was observed that the fixed ef-
fect for the intercept of the outcome variable wanting— which reflects the
grand mean of the intercepts across individuals — was 5.04 (range:
1-10). The estimates of covariance parameters revealed that the within-
group variance in wanting was 62 = 11.61, p < .001, while the between-
group variance (reflecting variation in intercepts, which are simply the
group means on the dependent variable) was 63 = 1.29, p < .001. Based
on the results of the Wald Z tests, both the within group variance
component (Wald Z = 44.69, p < .001) and the between-group variance
component (Wald Z 5.08, p < .00) were statistically significant indi-
cating clustering effects in the data, i.e. individual differences effects.
The intraclass correlation coefficient was calculated as ICC = .10 indi-
cating a non-trivial amount of non-independence in the outcome vari-
able. Collectively, then, the intercept-only model revealed a significant
proportion of variation in wanting is explained by the grouping level,
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justifying further examination with the level 2 predictors. AIC (Akaike’s
Information Criterion) for this model was 10169.1 and BIC (Bayesian
Criterion) was 10180.2.

Next, the level 1 predictors (liking and positive spontaneous thoughts)
and covariates (autonomy and general frequency) were added to the
model. These variables were centered-within context (group mean
centered). Here a significant positive association was observed between
both of the predictor variables - liking and positive spontaneous thoughts—
and wanting such that, within a participant, activities that were rated as
eliciting positive emotions (i.e. higher liking), and activities that were
rated as eliciting positive spontaneous thoughts, were associated with a
stronger desire to engage in the given activity (i.e. higher wanting); see
Table 4.

The between-group variance, representing variation in intercepts,
remained statistically significant, p = 2.03, p < .001. Furthermore, the
ICC was lowered t0.688 indicating two points: 1) that the inclusion of
the predictors accounted for some of the variance in wanting between
individuals, and 2) non-trivial variation in wanting between individuals,
with respect to the intercepts, remains.

Next, creativity was added as a level 2 predictor, along with the level
2 versions of the predictors, i.e. the participant averages for liking (i.e.,
positive emotions), as well as the covariate’s autonomy and general fre-
quency, see Table 5. Random intercepts of participants and random
slopes for liking were included in the model.

Here a main effect of liking (i.e., positive emotions) on wanting to
engage in the activities, at both the within-subject and between-subject
level, was observed, as well as a significant main effect of creativity on
wanting to pursue activities, such that creative individuals tend to
exhibit higher overall desire to engage in activities. The AIC, which
represents model fit with an adjustment for model complexity, was used
to examine changes in model fit. The AIC for this model was 7490.68, a
reduction from 10169.07 for the intercept-only model and 8021.49 for
the previous model containing only fixed effects; thus indicating an
improvement in model fit with the addition of the random effects.

Critical to our hypothesis, however, was that the link between liking
(i.e., positive emotions) and wanting (i.e., desire to pursue activity)
would be moderated by creativity such that individuals high in creativity
would exhibit a diminished relationship between these variables. To
examine this, creativity along with its interaction with liking (within and
between components) were added as predictors, see Table 6. Random
intercepts of participants and random slopes of within-subject liking
were included in the model.

Here it was observed that creativity moderated the relationship be-
tween liking (i.e., positive emotions) and wanting such that there was a
diminished positive relationship between wanting and liking for higher
creativity scores, B(.076) = —.25, p = .001, see Fig. 5. This suggests that
creatives may under-attribute motivational salience (wanting) to plea-
surable stimuli and/or over-attribute motivational salience to non-
pleasurable stimuli.

Lastly, to examine the potential moderation of liking on positive
spontaneous thoughts — the theorized concomitant of incentive salience —
by creativity, a HLM was conducted with within-subject and between-
subject liking, as well as the level 1 and level 2 versions of autonomy
and general frequency (Table 7). Additionally, creativity along with its
interaction with liking (between components) were added as predictors,
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and positive spontaneous thoughts was included as the outcome. Random
intercepts of participants and random slopes of within-subject liking
were included in the model. Here again we observe that the relationship
between liking and positive spontaneous thoughts is diminished as a
function of creativity, B (.055) = —.11, p = .050.

3.3. Discussion

Applying a psychological paradigm that has previously been used in
schizotypy research, we explored differences in individuals’ attribution
of incentive salience to rewarding everyday activities as a function of
creativity. We find evidence that creativity shows a distinct pattern of
associations with the proposed components of the reward cycle - liking,
wanting, and positive spontaneous thoughts — in several key respects.

First, creativity showed a main between-subjects effect on wanting, or
the desire to engage in activities. Recall that modern neurobiological
theory posits that dopamine mediates the assignment of motivational
wanting by conferring stimuli with a property referred to as incentive
salience (e.g., Berridge, 2012; Horvitz, 2000). Incentive salience attri-
bution refers to the processes by which neutral stimuli become imbued
with motivational relevance or value, thereby driving approach
behavior and associated feelings of cognitive desire. Due to heightened
dopaminergic activity (Chermahini & Hommel, 2010; de Manzano,
Cervenka, Karabanov, Farde, & Ullen, 2010; Mayseless, Uzefovsky,
Shalev, Ebstein, & Shamay-Tsoory, 2013; Reuter, Roth, Holve, & Hen-
nig, 2006), creative individuals may exhibit a heightened propensity to
confer incentive salience to information which in turn drives an
increased motivational stance. In the current study, this is reflected by
an overall increased drive to engage in potentially rewarding everyday
activities.

In general, wanting co-occurs with liking— we tend to pursue what
has previously been experienced as enjoyable; however dissociations
between these components can occur (Berridge, 2017). Indeed, sub-
stantial research has shown that dopamine affects wanting, or the urge
to pursue reward, independently of liking, or the hedonic impact of the
reward (e.g. Ikemoto & Panksepp, 1999; Smith, Berridge & Aldridge,
2011; see Berridge, 2006 for review). If dopamine-driven abnormalities
in incentive salience processes exist in creatives, we should not expect
wanting to be tied to increased enjoyment or liking. In line with this,
creatives exhibited diminished relationships between overall wanting
and liking at the between-subjects level. This finding parallels existing
schizophrenia-spectrum research revealing motivational abnormalities
in reward-driven behavior. In particular, past research suggests an
aberrant assignment of incentive salience such that individuals under-
attribute salience to rewarding, pleasurable, or prominent cues, and
over-attribute salience to non-rewarding, emotionally-neutral, or irrel-
evant cues.

At an individual difference level, creatives appear to exhibit an
overall heightened motivation to pursue activities and rewards, and this
drive is less reliant on the enjoyment — or hedonic pleasure — of those
rewards. Much of human behavior is reward-driven, and therefore
pleasure tends to act as a primary motivator for engagement in activ-
ities. For creative individuals, it is possible that the increased motiva-
tional drive, and diminished relationship between this drive and overall
enjoyment in activities, may lead them to engage in more diverse

Table 4
Multilevel regression predicting wanting from the level 1 predictors.
Estimates of Fixed Effects B(SE) t df P 95 % CI AIC BIC
Outcome: wanting
Intercept 4.96 (.11) 43.51 202.17 <.001 [4.74, 5.19] 8021.5 8032.4
Liking (within) 0.43 (0.0356) 12.10 1611.90 <.001 [.36,.50]
Spontaneous positive thoughts (within) 0.59(0.031) 19.10 1610.45 <.001 [.53,.65]
Autonomy (within) .043(0.024) 1.76 1598.43 .078 [-.0048,.090]
General Frequency (within) 0.097 (0.025) 3.88 1619.31 <.001 [.049,.15]
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Table 5
Multilevel regression predicting wanting from the level 1 and level 2 predictors.
Estimates of Fixed Effects B(SE) t df P 95 % CI AIC BIC
Outcome: wanting
Intercept 1.88 (0.46) 4.080 1004.11 <.001 [.97, 2.78] 7490.7 7506.9
Liking (CWC) 0.96 (0.038 24.96 85.28 <.001 [.88.1.03]
General Frequency (CWC) 0.11 (0.030) 3.61 1637.62 <.001 [.050,.17]
Autonomy (CWC) 0.041 (0.030) 1.37 1656.89 0.171 [-.018,.099]
Liking (mean) 0.60 (0.043) 13.97 1040.63 <.001 [.52,.68]
General Frequency (mean) —0.033 (0.047) -0.71 1016.96 0.479 [-.13,.059]
Autonomy (mean) 0.088 (0.034) 2.61 973.50 0.009 [.022,.15]
Creativity (mean) —0.24 (0.11) —-2.12 1031.80 0.034 [-.46, —.018]
Table 6
Multilevel regression predicting wanting from the level 1 and level 2 predictors, and interactions.
Estimates of Fixed Effects P(SE) t df P 95 % CI AIC BIC
Outcome: wanting
Intercept -1.59 (1.17) -1.36 1043.47 0.18 [-3.88,.071] 7490.8 7507.04
Liking (CWC) 0.96 (0.038) 25.080 88.26 <.001 [.88,1.03]
General Frequency (CWC) 0.11 (0.030) 3.72 1639.69 <.001 [.053,.17]
Autonomy (CWC) 0.041 (0.030) 1.37 1657.33 0.17 [-.018,.099]
Liking (mean) 1.17 (.18) 6.44 1062.11 <.001 [.81, 1.53]
General Frequency (mean) —0.036 (.047) -0.77 1039.65 0.44 [-.13,.056]
Autonomy (mean) 0.097 (.034) 2.88 995.31 0.004 [.031,.16]
Creativity (mean) 1.22 (0.47) 2.62 1044.29 0.009 [.31, 2.14]
Creativity*Liking (between) —0.25 (.076) -3.23 1060.25 0.001 —0.39, —.096]
Creativity*Liking (within) .0097(.051) .19 1648.0 .85 —.091,.11]
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Fig. 5. Graph depicting the strength of the relationship between liking (i.e., positive emotions) and wanting as a function of creativity level.
Table 7
Multilevel regression predicting positive spontaneous thoughts from the level 1 and level 2 predictors, and interactions.
Estimates of Fixed Effects B(SE) t df p 95 % CI AIC BIC
Outcome: positive spontaneous thoughts
Intercept —1.21 (0.85) —1.42 1666.0 .16 [-2.88,.47] 6869.3 6885.5
Liking (CWC) .84(.095) 8.82 1666.0 <.001 [.65, 1.03]
General Frequency (CWC) .031(.022) 1.38 1666.0 17 [-.013,.074]
Autonomy (CWC) .0083(.022) .38 1666 71 [-.034,.052]
Liking (mean) 1.00(.13) 7.56 1666 <.001 [.74, 1.26]
General Frequency (mean) 0.84 (.034) 2.46 1666 .014 [.017,.15]
Autonomy (mean) .061(.024) 2.50 1666 .012 [.013,.11]
Creativity (mean) .63(.34) 1.85 1666 .065 [-.039, 1.30]
Creativity*Liking (between) —.11(.055) -1.96 1666 .049 [-.22, —.00]
Creativity*Liking (within) .0053(.038) .14 1666 .89 [-.070,.080]
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behaviors. However, future research is necessary to determine possible
implications of these findings for creatives.

On the other hand, the link between individuals’ desire to pursue
activities and to enjoy activities was preserved at the within-subjects
level; creatives and non-creatives exhibited no difference in the
strength of the relationship between activity-specific liking and wanting.
While creative individuals seem to have a generally stronger motivation
to try out different activities that could be rewarding, once they start an
activity, experiencing more enjoyment from it will increase their desire
to continue or repeat that particular activity or experience.

Our findings further revealed that creativity predicts greater positive
spontaneous thoughts, a proposed indicator of incentive salience (Rice &
Fredrickson, 2017). Past research using the current paradigm found that
positive spontaneous thoughts mediate the relationship between liking
and wanting (Rice & Fredrickson, 2017). This finding was interpreted as
support for the hypothesis that positive spontaneous thoughts may act as
an indicator of incentive salience, reflecting an individual’s interests and
motivating them to seek out stimuli and experiences related to those
interests. The processing of salient and rewarding stimuli is integral to
engaging our attention, stimulating anticipation for future events, and
driving goal-directed behaviors. Together these processes reflect deeper
processing of important stimuli relative to neutral or non-rewarding
stimuli. Indeed, research on spontaneous thought indicates that the
content of thought reflects current concerns and interests (Klinger &
Cox, 2004), while a primary function of spontaneous thoughts has long
been associated with goal pursuit (Stawarczyk et al., 2011). Information
previously experienced as rewarding, and thus assigned a high degree of
salience, is more likely to be processed deeply and linger in individuals’
thoughts (Bellana et al., 2022) playing a role in driving further thought
and goal directed behavior. Similarly to the effect observed for wanting,
the main effect of creativity on positive spontaneous thoughts may then
be interpreted as reflecting creative individuals’ heightened predispo-
sition for incentive salience attribution, which in turn drives them to
think about and pursue a greater number of reward related activities.

These patterns of results differ from the previously observed re-
lationships for schizotypy. As observed in the current study, although
there is a generally increased motivational desire towards everyday
rewarding activities, the ability to selectively reinforce activities that
elicit greater pleasure is preserved in creatives; on the other hand,
schizotypes were previously found to show a diminished desire to pur-
sue activities experienced as rewarding, as indicated by the reduced
relationship between wanting and liking at the within-subjects level (Li
et al., 2020). Li et al. (2020) also did not find a relationship between
schizotypy and overall wanting or positive spontaneous thoughts (Li
et al., 2020), indicating that individuals high in this trait do not exhibit
increased motivational drive to pursue potentially rewarding activities.
Creatives may therefore exhibit a distinct pattern of salience processing
that does not include the non-adaptive patterns characterizing reward
processing in schizotypes.

Creativity may instead be associated with a sensitivity to potential
reward opportunities revealed through broad, or exploratory, approach
behavior. This pattern parallels past research in the domain of curiosity
suggesting that increased functioning of incentive salience processes,
resulting from an increased sensitivity to the reward value of informa-
tion, confers an enhanced motivational desire for information-seeking in
turn driving increased exploration and novelty seeking (e.g. Lau et al.,
2018). This pattern is also consistent with a substantial basis of research
on dopamine function suggesting a central role for dopamine in driving
motivated, engaged, and exploratory behaviors (e.g. Panksepp, 1998;
Kaasinen et al., 2004) as well as research revealing a role for dopamine
in encoding the context and behaviors associated with potentially
rewarding outputs (Redgrave & Gurney, 2006).

4. General discussion

To the best of our knowledge, these studies represent the first
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empirical attempts to directly extend considerations of incentive
salience to creativity. Two very different paradigms were used in order
to establish converging evidence for atypical incentive salience attri-
bution, providing both neurological and psychological evidence, while
examining salience processing both in the context of novelty and
reward. Across both studies we find evidence that creativity is related to
a distinct pattern of incentive salience processing. In study 1, we observe
a diminished neural response in a passive oddball task. This indicates
that the context-specific attribution of salience to novel information is
diminished for individuals high in creativity, a result that parallels
findings in schizotypy research. In study 2, we extend this line of
research by examining another modality of incentive salience process-
ing; enjoyment and pursuit of everyday rewards. Here we again find
further preliminary evidence for atypical incentive salience processing
in creatives, however the pattern differs to the previously observed re-
lationships in schizotypy.

In study 1, the neural consequences of atypical salience processing
were considered. We find that creatives show a diminished P300 ERP
response to the oddball, suggesting characteristic differences in novelty
processing. Extending the theoretical framework outlining aberrant
salience in schizotypes (Kapur, 2003; Van Os, 2009), this finding can be
interpreted as atypical salience processing, specifically an under-
attribution of salience to the prominent, oddball stimuli. In the
oddball paradigm, stimuli that are less common typically elicit a larger
P300; however the reduced response to the oddball suggests that crea-
tive individuals do not update their priors in a context-specific manner
to the same degree that non-creative individuals do (Donchin & Coles,
1998; Polich, 2007). This results in an under-attribution of salience to
the novel stimuli.

The tendency to under-attribute salience could be beneficial for
creative performance, particularly when salient, context-specific infor-
mation overpowers attention leading to fixation. Consider prevalent
creativity tasks that measure creative thinking through the occurrence
of insights (e.g. Lin et al., 2012; Fleck & Weisberg, 2013) or the gener-
ation of uncommon ideas (Cortes et al., 2019). In these paradigms in-
dividuals are instructed to generate novel ideas, or ideas that are not
obvious within the context of the problem. Less creative individuals
often exhibit functional fixedness in which they are unable to direct
attention away from the prepotent features of the problem space in order
to come up with original ideas (Storm & Angello, 2010). By under-
attributing salience to prominent, context-specific features of the prob-
lem space, creatives may be better able to think “outside the box” - to
notice other, less (normatively) salient features of the problem —leading
to creative solutions.

Creativity has also been associated with an over-attribution of
salience to information that is typically ignored or overlooked. For
example, past research has found that creatives do not dampen the
salience of information to which they have previously been exposed
(Carson, 2010; Carson et al., 2003), i.e., reduced latent inhibition. Latent
inhibition occurs when information that has previously been learned as
irrelevant draws less attention over time. However, creatives do not
show this effect to the same degree; information that typically becomes
less salient over time will remain salient for creatives. Collectively, these
findings suggest that creatives may display atypical salience processing
in both directions, an under-attribution of normatively salient infor-
mation and an over-attribution of information that is typically ignored.

Given the novelty of approaching the characteristic attentional and
motivational phenomena in creatives through the lens of salience pro-
cessing, more research is necessary to understand the particular char-
acteristics of atypical salience processing in creatives. The findings from
study 1 suggest that at least in some respects salience processing in
creatives resembles patterns previously described in schizophrenia-
spectrum literature as aberrant salience (Kapur, 2003). However, in
study 2, we find that creativity is characterized by a distinct pattern of
associations to liking, wanting, and thinking about everyday rewards as
compared to schizotypes, suggesting that the pattern of salience
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processing associated with creativity may have different characteristics
or play out in different contexts.

Study 1 and study 2 differed in that they entailed different types of
salient information: the first entailed processing of novel information,
while the second entailed processing of rewarding information. The re-
sults from these two studies raise the possibility that atypical salience
processing in creatives is particularly related to the processing of novel,
rather than rewarding, information. Neuroscientific evidence suggests
that the circuitry responsible for processing rewarding and novel in-
formation is linked; a functional interpretation of this link is that novelty
acts to motivate exploration of potential rewards (Bunzeck et al., 2011).
It is possible that disrupted novelty processing in creatives may enhance
motivation to pursue potential rewards by flagging unusual, or at times
neutral, information as novel. This would help explain why we see both
aberrant salience processing in study 1 and enhanced motivation to
pursue potential rewards in study 2. Furthermore, aberrant novelty
detection may play a particularly important role in creative idea gen-
eration, given that creativity is typically defined as the ability to
generate novel ideas.

Future research should further investigate the relationship between
schizotypy-related personality types and oddball processing. While this
study focused on the P300 component (P3b) using a 2-stimulus oddball
paradigm, it’s crucial to acknowledge that different variations of the
oddball task can yield diverse outcomes. Additionally, evidence suggests
that schizophrenia-spectrum conditions may predict abnormalities in
other aspects of the oddball signature. Future studies should explore
alternative oddball task variants (e.g., 3-stimulus oddball) to assess
additional ERP components (e.g., N200, P3a). These efforts will enhance
our understanding of potential overlaps between non-clinical traits, such
as creativity, and the underlying mechanisms of schizotypal symptoms.
Despite the benefits proposed by multimodal paradigms in prior
research (Campanella et al.,, 2010; Campanella et al,, 2012), it’s
important for future studies to replicate these findings using more
conventional oddball variants, particularly those based on auditory
stimuli only.

A long and growing foundation of theoretical work has attempted to
specify the diverse ways in which dopamine may impact personality
characteristics (Gray, 1973; Panksepp, 1998; Smillie & Wacker, 2014;
DeYoung, 2013). Although existing models need to be further tested and
specified, it is clear that the central role that dopamine plays in atten-
tional and motivational processes likely has a profound role in shaping
thought and behavior- overarching regularities that form the basis of an
individual’s personality. The current paper extends existing personality
frameworks by considering the role that dopamine plays in the attri-
bution of motivational salience. This particular role has been considered
at length in schizophrenia spectrum research, and, more recently, in the
domain of curiosity. Here we consider how incentive salience processes
may play out in creatives. We find a distinct phenotype of salience
processing that in part resembles schizotypy- as reflected by aberrant
processing of salient information in study 1- and may in part resemble
curious traits — as reflected by a heightened attribution of incentive
salience to potential rewards. We hope these initial findings inspire
further research to examine trait-like variation in incentive salience
processing and, in particular, how such differences impact creative
ability.

Funding

This research was supported by a Templeton Religious Trust grant
(TRT0487), a John Templeton Foundation grant (60844), a Bial Foun-
dation grant (372/2020), and an anonymous donation to J.W.S.

CRediT authorship contribution statement

Madeleine E. Gross: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology, Project

13

Brain and Cognition 178 (2024) 106178

administration, Resources, Visualization, Writing - original draft,
Writing — review & editing. James C. Elliott: Data curation, Formal
analysis, Investigation, Methodology, Project administration, Resources,
Visualization, Writing — review & editing. Jonathan W. Schooler:
Funding acquisition, Project administration, Resources, Supervision,
Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

References

Acar, S., & Runco, M. A. (2012). Psychoticism and creativity: A meta-analytic review.
Psychology of Aesthetics, Creativity, and the Arts, 6(4), 341.

Amabile, T. M. (1982). Social psychology of creativity: A consensual assessment
technique. Journal of personality and social psychology, 43(5), 997.

Bachiller, A., Lubeiro, A., Diez, A4, Suazo, V., Dominguez, C., Blanco, J. A., & Molina, V.
(2015). Decreased entropy modulation of EEG response to novelty and relevance in
schizophrenia during a P300 task. European archives of psychiatry and clinical
neuroscience, 265(6), 525-535.

Batey, M., Chamorro-Premuzic, T., & Furnham, A. (2009). Intelligence and personality as
predictors of divergent thinking: The role of general, fluid and crystallised
intelligence. Thinking Skills and Creativity, 4(1), 60-69.

Beckmann, J. S., & Chow, J. J. (2015). Isolating the incentive salience of reward-
associated stimuli: Value, choice, and persistence. Learning & memory, 22(2),
116-127.

Beech, A., & Claridge, G. (1987). Individual differences in negative priming: Relations
with schizotypal personality traits. British Journal of Psychology, 78(3), 349-356.

Bellana, B., Mahabal, A., & Honey, C. J. (2022). Narrative thinking lingers in
spontaneous thought. Nature communications, 13(1), 1-16.

Benedek, M., Franz, F., Heene, M., & Neubauer, A. C. (2012). Differential effects of
cognitive inhibition and intelligence on creativity. Personality and individual
differences, 53(4), 480-485.

Berridge, K. C. (2009). ‘Liking’ and ‘wanting’ food rewards: Brain substrates and roles in
eating disorders. Physiology & behavior, 97(5), 537-550.

Berridge, K. C. (2012). From prediction error to incentive salience: Mesolimbic
computation of reward motivation. European Journal of Neuroscience, 35(7),
1124-1143.

Braunstein-Bercovitz, H., & Lubow, R. E. (1998). Are high-schizotypal normal
participants distractible or limited in attentional resources? A study of latent
inhibition as a function of masking task load and schizotypy level. Journal of
Abnormal Psychology, 107(4), 659.

Bromberg-Martin, E. S., Matsumoto, M., & Hikosaka, O. (2010). Dopamine in
motivational control: Rewarding, aversive, and alerting. Neuron, 68(5), 815-834.

Burch, G. S. J., Hemsley, D. R., Pavelis, C., & Corr, P. J. (2006). Personality, creativity
and latent inhibition. European Journal of Personality, 20(2), 107-122.

Carson, S. (2010). Latent inhibition and creativity. In R. E. Lubow, & I. Weiner (Eds.),
Latent inhibition: Cognition, neuroscience and applications to schizophrenia (pp.
183-198). Cambridge University Press.

Carson, S. H., Peterson, J. B., & Higgins, D. M. (2003). Decreased latent inhibition is
associated with increased creative achievement in high-functioning individuals.
Journal of personality and social psychology, 85(3), 499.

Chermabhini, S. A., & Hommel, B. (2010). The (b) link between creativity and dopamine:
Spontaneous eye blink rates predict and dissociate divergent and convergent
thinking. Cognition, 115(3), 458-465.

Chirila, C., & Feldman, A. (2012). Study of latent inhibition at high-level creative
personality The link between creativity and psychopathology. Procedia-Social and
Behavioral Sciences, 33, 353-357.

Chun, C. A,, Brugger, P., & Kwapil, T. R. (2019). Aberrant salience across levels of
processing in positive and negative schizotypy. Frontiers in psychology, 2073.

Cortes, R. A., Weinberger, A. B., Daker, R. J., & Green, A. E. (2019). Re-examining
prominent measures of divergent and convergent creativity. Current Opinion in
Behavioral Sciences, 27, 90-93.

Cortinas, M., Corral, M. J., Garrido, G., Garolera, M., Pajares, M., & Escera, C. (2008).
Reduced novelty-P3 associated with increased behavioral distractibility in
schizophrenia. Biological Psychology, 78(3), 253-260.

Cramond, B., Matthews-Morgan, J., Bandalos, D., & Zuo, L. (2005). A report on the 40-
year follow-up of the Torrance Tests of Creative Thinking: Alive and well in the new
millennium. Gifted Child Quarterly, 49(4), 283-291.

Csizmadia, P., Nagy, B., Czigler, L., & Gadl, Z. A. (2022). The effect of ambiguous and
unambiguous stimuli on target processing in less creative and more creative groups.
Neuropsychologia, 175, Article 108355.


http://refhub.elsevier.com/S0278-2626(24)00055-1/h0005
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0005
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0010
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0010
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0015
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0015
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0015
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0015
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0020
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0020
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0020
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0025
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0025
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0025
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0030
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0030
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0035
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0035
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0040
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0040
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0040
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0045
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0045
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0050
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0050
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0050
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0055
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0055
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0055
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0055
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0060
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0060
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0065
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0065
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0070
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0070
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0070
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0075
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0075
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0075
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0080
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0080
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0080
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0085
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0085
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0085
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0095
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0095
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0095
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0100
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0100
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0100
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0105
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0105
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0105
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0110
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0110
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0110

M.E. Gross et al.

Dawes, C., Quinn, D., Bickerdike, A., O’Neill, C., Granger, K. T., Pereira, S. C., &
Moran, P. M. (2022). Latent inhibition, aberrant salience, and schizotypy traits in
cannabis users. Schizophrenia Research: Cognition, 28, Article 100235.

De Jesus, S. N., Rus, C. L., Lens, W., & Imagindrio, S. (2013). Intrinsic motivation and
creativity related to product: A meta-analysis of the studies published between
1990-2010. Creativity Research Journal, 25(1), 80-84.

Delorme, A., & Makeig, S. (2004). EEGLAB: An open-source toolbox for analysis of single-
trial EEG dynamics. Journal of Neuroscience Methods, 134, 9-21.

de Manzano, O., Cervenka, S., Karabanov, A., Farde, L., & Ullen, F. (2010). Thinking
outside a less intact box: Thalamic dopamine D2 receptor densities are negatively
related to psychometric creativity in healthy individuals. PloS one, 5(5), e10670.

DeYoung, C. G. (2013). The neuromodulator of exploration: A unifying theory of the role
of dopamine in personality. Frontiers in human neuroscience, 762.

Di Domenico, S. I., & Ryan, R. M. (2017). The emerging neuroscience of intrinsic
motivation: A new frontier in self-determination research. Frontiers in human
neuroscience, 11, 145.

Donchin, E., & Coles, M. G. (1998). Context updating and the P300. Behavioral and brain
sciences, 21(1), 152-154.

Eckblad, M., & Chapman, L. J. (1983). Magical ideation as an indicator of schizotypy.
Journal of Consulting and Clinical Psychology, 51(2), 215-225.

FitzGibbon, L., Lau, J. K. L., & Murayama, K. (2020). The seductive lure of curiosity:
Information as a motivationally salient reward. Current Opinion in Behavioral
Sciences, 35, 21-27.

Flagel, S. B., Akil, H., & Robinson, T. E. (2009). Individual differences in the attribution
of incentive salience to reward-related cues: Implications for addiction.
Neuropharmacology, 56, 139-148.

Fleck, J. I., & Weisberg, R. W. (2013). Insight versus analysis: Evidence for diverse
methods in problem solving. Journal of Cognitive Psychology, 25(4), 436-463.

Ford, J. M. (1999). Schizophrenia: The broken P300 and beyond. Psychophysiology, 36
(6), 667-682.

Goctowska, M. A., Ritter, S. M., Elliot, A. J., & Baas, M. (2019). Novelty seeking is linked
to openness and extraversion, and can lead to greater creative performance. Journal
of personality, 87(2), 252-266.

Gottlieb, J., Cohanpour, M., Li, Y., Singletary, N., & Zabeh, E. (2020). Curiosity,
information demand and attentional priority. Current Opinion in Behavioral Sciences,
35, 83-91.

Gray, J. A. (1973). Causal theories of personality and how to test them. Multivariate
analysis and psychological theory, 16, 302-354.

Grigorescu, D. (2020). Curiosity, intrinsic motivation and the pleasure of knowledge.
Journal of Educational Sciences & Psychology, 10(1).

Gross, M. E., Araujo, D. B., Zedelius, C. M., & Schooler, J. W. (2019). Is perception the
missing link between creativity, curiosity and schizotypy? Evidence from
spontaneous eye-movements and responses to auditory oddball stimuli. Neuroimage,
202, Article 116125.

Gross, M. E., Smith, A. P., Graveline, Y. M., Beaty, R. E., Schooler, J. W., & Seli, P. (2021).
Comparing the phenomenological qualities of stimulus-independent thought,
stimulus-dependent thought and dreams using experience sampling. Philosophical
Transactions of the Royal Society B, 376(1817), 20190694.

Gross, M.E. & Schooler, J.W. (in press) Standing out: An atypical salience account of
creativity. Trends in Cognitive Sciences.

Gruber, M. J., Gelman, B. D., & Ranganath, C. (2014). States of curiosity modulate
hippocampus-dependent learning via the dopaminergic circuit. Neuron, 84(2),
486-496.

Gu, S., Gao, M., Yan, Y., Wang, F., Tang, Y. Y., & Huang, J. H. (2018). The neural
mechanism underlying cognitive and emotional processes in creativity. Frontiers in
Psychology, 9, 1924,

Guilford, J. P. (1967). The nature of human intelligence. New York, NY: McGraw-Hill.
Hamilton, H. K., Woods, S. W., Roach, B. J., Llerena, K., McGlashan, T. H., Srihari, V.
H, ... &

Mathalon, D. H. (2019). Auditory and visual oddball stimulus processing deficits in
schizophrenia and the psychosis risk syndrome: Forecasting psychosis risk with
P300. Schizophrenia bulletin, 45(5), 1068-1080.

Harsay, H. A., Spaan, M., Wijnen, J. G., & Ridderinkhof, K. R. (2012). Error awareness
and salience processing in the oddball task: Shared neural mechanisms. Frontiers in
Human Neuroscience, 6, 246.

Haselgrove, M., Le Pelley, M. E., Singh, N. K., Teow, H. Q., Morris, R. W., Green, M. J., &
Killcross, S. (2016). Disrupted attentional learning in high schizotypy: Evidence of
aberrant salience. British journal of psychology, 107(4), 601-624.

Heinz, A., Murray, G. K., Schlagenhauf, F., Sterzer, P., Grace, A. A., & Waltz, J. A. (2019).
Towards a unifying cognitive, neurophysiological, and computational neuroscience
account of schizophrenia. Schizophrenia bulletin, 45(5), 1092-1100.

Heinz, A., & Schlagenhauf, F. (2010). Dopaminergic dysfunction in schizophrenia:
Salience attribution revisited. Schizophrenia bulletin, 36(3), 472-485.

Horvitz, J. C. (2000). Mesolimbocortical and nigrostriatal dopamine responses to salient
non-reward events. Neuroscience, 96(4), 651-656.

Tkemoto, S., & Panksepp, J. (1999). The role of nucleus accumbens dopamine in
motivated behavior: A unifying interpretation with special reference to reward-
seeking. Brain Research Reviews, 31(1), 6-41.

Jeon, Y. W., & Polich, J. (2003). Meta-analysis of P300 and schizophrenia: Patients,
paradigms, and practical implications. Psychophysiology, 40(5), 684-701.

Kaasinen, V., Aalto, S., Nagren, K., & Rinne, J. O. (2004). Insular dopamine D2 receptors
and novelty seeking personality in Parkinson’s disease. Movement disorders: official
Jjournal of the Movement Disorder Society, 19(11), 1348-1351.

Kallai, J., Vincze, G., Torok, I. A., Hargitai, R., Rozsa, S., Hartung, 1., & Herold, R. (2021).
Cognitive gain or handicap: Magical ideation and self-absorption in clinical and non-
clinical participants. Frontiers in Psychology, 12, Article 613074.

14

Brain and Cognition 178 (2024) 106178

Kapur, S. (2003). Psychosis as a state of aberrant salience: A framework linking biology,
phenomenology, and pharmacology in schizophrenia. American journal of Psychiatry,
160(1), 13-23.

Kasof, J. (1997). Creativity and breadth of attention. Creativity Research Journal, 10(4),
303-315.

Kidd, C., & Hayden, B. Y. (2015). The psychology and neuroscience of curiosity. Neuron,
88(3), 449-460.

Kiehl, K. A, Stevens, M. C., Celone, K., Kurtz, M., & Krystal, J. H. (2005). Abnormal
hemodynamics in schizophrenia during an auditory oddball task. Biological
psychiatry, 57(9), 1029-1040.

Klinger, E. (2013). Goal commitments and the content of thoughts and dreams: Basic
principles. Frontiers in psychology, 4, 415.

Klinger, E., & Cox, W. M. (2004). Motivation and the Theory of Current Concerns. In
W. M. Cox, & E. Klinger (Eds.), Handbook of motivational counseling: Concepts,
approaches, and assessment (pp. 3-27). John Wiley & Sons Ltd.

Kumari, V., & Ettinger, U. (2010). Latent inhibition in schizophrenia and schizotypy: A
review of the empirical literature.

Kwiatkowski, J., Vartanian, O., & Martindale, C. (1999). Creativity and speed of mental
processing. Empirical Studies of the Arts, 17(2), 187-196.

Lau, J. K. L., Ozono, H., Kuratomi, K., Komiya, A., & Murayama, K. (2018). Hunger for
knowledge: how the irresistible lure of curiosity is generated in the brain., bioRxiv, Article
473975.

Li, L. Y., Castro, M. K., & Martin, E. A. (2020). What you want may not be what you like:
A test of the aberrant salience hypothesis in schizophrenia risk. Cognitive, Affective, &
Behavioral Neuroscience, 20(4), 873-887.

Lin, W.-L., Hsu, K.-Y., Chen, H.-C., & Wang, J.-W. (2012). The relations of gender and
personality traits on different creativities: A dual-process theory account. Psychology
of Aesthetics, Creativity, and the Arts, 6(2), 112-123. https://doi.org/10.1037/
20026241

Litman, J. (2005). Curiosity and the pleasures of learning: Wanting and liking new
information. Cognition & emotion, 19(6), 793-814.

Liu, D., Jiang, K., Shalley, C. E., Keem, S., & Zhou, J. (2016). Motivational mechanisms of
employee creativity: A meta-analytic examination and theoretical extension of the
creativity literature. Organizational behavior and human decision processes, 137,
236-263.

Marsh, J. E., Vachon, F., & Sorqvist, P. (2017). Increased distractibility in schizotypy:
Independent of individual differences in working memory capacity? Quarterly
Journal of Experimental Psychology, 70(3), 565-578.

Matsumoto, M., & Hikosaka, O. (2009). Two types of dopamine neuron distinctly convey
positive and negative motivational signals. Nature, 459(7248), 837-841.

Mayseless, N., Uzefovsky, F., Shalev, L., Ebstein, R. P., & Shamay-Tsoory, S. G. (2013).
The association between creativity and 7R polymorphism in the dopamine receptor
D4 gene (DRD4). Frontiers in human neuroscience, 7, 502.

McClure, S. M., Daw, N. D., & Montague, P. R. (2003). A computational substrate for
incentive salience. Trends in neurosciences, 26(8), 423-428.

Meyer, P. J., Lovic, V., Saunders, B. T., Yager, L. M., Flagel, S. B., Morrow, J. D., &
Robinson, T. E. (2012). Quantifying individual variation in the propensity to
attribute incentive salience to reward cues. PloS one, 7(6), e38987.

Miller, R. (1993). Striatal dopamine in reward and attention: A system for understanding
the symptomatology of acute schizophrenia and mania. International Review of
Neurobiology, 35, 161-278.

Minas, R. K., & Park, S. (2007). Attentional window in schizophrenia and schizotypal
personality: Insight from negative priming studies. Applied and Preventive Psychology,
12(3), 140-148.

Miyata, J. (2019). Toward integrated understanding of salience in psychosis.
Neurobiology of disease, 131, Article 104414.

Moritz, S. H., Mass, R., & Junk, U. (1998). Further evidence of reduced negative priming
in positive schizotypy. Personality and Individual Differences, 24(4), 521-530.

Morris, R., Griffiths, O., Le Pelley, M. E., & Weickert, T. W. (2013). Attention to irrelevant
cues is related to positive symptoms in schizophrenia. Schizophrenia bulletin, 39(3),
575-582.

Murayama, K., FitzGibbon, L., & Sakaki, M. (2019). Process account of curiosity and
interest: A reward-learning perspective. Educational Psychology Review, 31(4),
875-895.

Nusbaum, E. C., & Silvia, P. J. (2011). Are intelligence and creativity really so different?:
Fluid intelligence, executive processes, and strategy use in divergent thinking.
Intelligence, 39(1), 36-45.

Olney, J. J., Warlow, S. M., Naffziger, E. E., & Berridge, K. C. (2018). Current
perspectives on incentive salience and applications to clinical disorders. Current
opinion in behavioral sciences, 22, 59-69.

Panksepp, J. (1998). Affective neuroscience: The Foundations of Human and Animal
Emotions. (Oxford University Press).

Polich, J. (2007). Updating P300: An integrative theory of P3a and P3b. Clinical
neurophysiology, 118(10), 2128-2148.

Prabhu, V., Sutton, C., & Sauser, W. (2008). Creativity and certain personality traits:
Understanding the mediating effect of intrinsic motivation. Creativity Research
Journal, 20(1), 53-66.

Redgrave, P., & Gurney, K. (2006). The short-latency dopamine signal: A role in
discovering novel actions? Nature reviews neuroscience, 7(12), 967-975.

Reuter, M., Roth, S., Holve, K., & Hennig, J. (2006). Identification of first candidate genes
for creativity: A pilot study. Brain research, 1069(1), 190-197.

Robinson, T. E., Yager, L. M., Cogan, E. S., & Saunders, B. T. (2014). On the motivational
properties of reward cues: Individual differences. Neuropharmacology, 76, 450-459.

Rutter, B., Kroger, S., Hill, H., Windmann, S., Hermann, C., & Abraham, A. (2012). Can
clouds dance? Part 2: An ERP investigation of passive conceptual expansion. Brain
and Cognition, 80(3), 301-310.


http://refhub.elsevier.com/S0278-2626(24)00055-1/h0115
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0115
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0115
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0120
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0120
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0120
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0125
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0125
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0130
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0130
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0130
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0135
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0135
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0140
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0140
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0140
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0145
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0145
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0150
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0150
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0155
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0155
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0155
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0160
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0160
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0160
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0165
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0165
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0170
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0170
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0175
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0175
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0175
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0180
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0180
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0180
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0185
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0185
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0190
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0190
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0195
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0195
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0195
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0195
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0200
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0200
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0200
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0200
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0205
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0205
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0205
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0210
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0210
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0210
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0220
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0220
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0220
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0225
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0225
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0225
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0230
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0230
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0230
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0235
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0235
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0235
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0240
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0240
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0245
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0245
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0255
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0255
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0255
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0260
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0260
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0265
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0265
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0265
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0270
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0270
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0270
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0275
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0275
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0275
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0280
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0280
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0285
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0285
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0290
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0290
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0290
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0295
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0295
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0300
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0300
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0300
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0310
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0310
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0315
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0315
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0315
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0325
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0325
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0325
https://doi.org/10.1037/a0026241
https://doi.org/10.1037/a0026241
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0335
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0335
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0340
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0340
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0340
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0340
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0345
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0345
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0345
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0350
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0350
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0355
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0355
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0355
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0360
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0360
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0365
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0365
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0365
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0370
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0370
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0370
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0375
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0375
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0375
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0380
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0380
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0385
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0385
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0390
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0390
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0390
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0395
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0395
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0395
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0400
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0400
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0400
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0405
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0405
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0405
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0410
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0410
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0415
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0415
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0420
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0420
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0420
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0425
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0425
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0430
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0430
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0435
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0435
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0440
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0440
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0440

M.E. Gross et al.

Schultz, W. (2015). Neuronal reward and decision signals: From theories to data.
Physiological reviews, 95(3), 853-951.

Silvia, P. J. (2012). Curiosity and motivation. The Oxford handbook of human motivation,
157-166.

Smillie, L. D., & Wacker, J. (2014). Dopaminergic foundations of personality and
individual differences. Frontiers in human neuroscience, 8, 874.

Smith, K. S., Berridge, K. C., & Aldridge, J. W. (2011). Disentangling pleasure from
incentive salience and learning signals in brain reward circuitry. Proceedings of the
National Academy of Sciences, 108(27), E255-E264.

Stavridou, A., & Furnham, A. (1996). The relationship between psychoticism, trait-
creativity and the attentional mechanism of cognitive inhibition. Personality and
Individual Differences, 21(1), 143-153.

Stawarczyk, D., Majerus, S., Maj, M., Van der Linden, M., & D’Argembeau, A. (2011).
Mind-wandering: Phenomenology and function as assessed with a novel experience
sampling method. Acta psychologica, 136(3), 370-381.

Storm, B. C., & Angello, G. (2010). Overcoming fixation: Creative problem solving and
retrieval-induced forgetting. Psychological Science, 21(9), 1263-1265.

Strauss, G. P., Waltz, J. A., & Gold, J. M. (2014). A review of reward processing and
motivational impairment in schizophrenia. Schizophrenia bulletin, 40(Suppl_2),
S107-S116.

Sumich, A., Kumari, V., Gordon, E., Tunstall, N., & Brammer, M. (2008). Event-related
potential correlates of paranormal ideation and unusual experiences. Cortex, 44(10),
1342-1352.

Tan, C. S., Lau, X. S., Kung, Y. T., & Kailsan, R. A. L. (2019). Openness to experience
enhances creativity: The mediating role of intrinsic motivation and the creative
process engagement. The Journal of Creative Behavior, 53(1), 109-119.

Tang, Y., Wang, J., Zhang, T., Xu, L., Qian, Z., Cui, H., & Niznikiewicz, M. A. (2020).
P300 as an index of transition to psychosis and of remission: Data from a clinical
high risk for psychosis study and review of literature. Schizophrenia research, 226,
74-83.

15

Brain and Cognition 178 (2024) 106178

Torrance, E. P. (1974). The Torrance Tests of Creative Thinking-Norms-Technical
manual research edition, figural tests, Forms A and B Princeton. Personnel Press.
Uteysky, AV, Smith, DV, & Huettel, SA (2014). Precuneus is a functional core of the
default-mode network. The Journal of Neuroscience, 34, 932-940.

Van Os, J. (2009). ‘Salience syndrome’ replaces ‘schizophrenia’ in DSM-V and ICD-11:
Psychiatry’s evidence-based entry into the 21st century? Acta Psychiatrica
Scandinavica, 120(5), 363-372.

Vartanian, O. A. (2002). Cognitive disinhibition and creativity. The University of Maine.

Villaruel, F. R., & Chaudhri, N. (2016). Individual differences in the attribution of
incentive salience to a Pavlovian alcohol cue. Frontiers in Behavioral Neuroscience, 10,
238.

Vink, M., Ramsey, N. F., Raemaekers, M., & Kahn, R. S. (2005). Negative priming in
schizophrenia revisited. Schizophrenia research, 79(2-3), 211-216.

Zabelina, D. L. (2018). Attention and creativity. In R. E. Jung, & O. Vartanian (Eds.), The
Cambridge handbook of the neuroscience of creativity (pp. 161-179). Cambridge
University Press. https://doi.org/10.1017/9781316556238.010.

Zabelina, D. L., Colzato, L., Beeman, M., & Hommel, B. (2016). Dopamine and the
creative mind: Individual differences in creativity are predicted by interactions
between dopamine genes DAT and COMT. PloS one, 11(1), e0146768.

Zabelina, D. L., & Ganis, G. (2018). Creativity and cognitive control: Behavioral and ERP
evidence that divergent thinking, but not real-life creative achievement, relates to
better cognitive control. Neuropsychologia, 118, 20-28.

Zabelina, D. L., O’Leary, D., Pornpattananangkul, N., Nusslock, R., & Beeman, M. (2015).
Creativity and sensory gating indexed by the P50: Selective versus leaky sensory
gating in divergent thinkers and creative achievers. Neuropsychologia, 69, 77-84.

Zabelina, D., Saporta, A., & Beeman, M. (2016). Flexible or leaky attention in creative
people? Distinct patterns of attention for different types of creative thinking. Memory
& cognition, 44(3), 488-498.


http://refhub.elsevier.com/S0278-2626(24)00055-1/h0445
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0445
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0455
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0455
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0460
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0460
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0465
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0465
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0465
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0470
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0470
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0470
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0475
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0475
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0475
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0480
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0480
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0485
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0485
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0485
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0490
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0490
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0490
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0495
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0495
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0495
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0500
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0500
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0500
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0500
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0510
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0510
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0510
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0515
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0520
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0520
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0520
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0525
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0525
https://doi.org/10.1017/9781316556238.010
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0535
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0535
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0535
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0540
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0540
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0540
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0545
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0545
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0545
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0550
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0550
http://refhub.elsevier.com/S0278-2626(24)00055-1/h0550

	Why creatives don’t find the oddball odd: Neural and psychological evidence for atypical salience processing
	1 Introduction
	1.1 Summarized objective

	2 Study 1
	2.1 Methods
	2.1.1 Participants
	2.1.2 Design
	2.1.3 Materials
	2.1.3.1 Oddball task
	2.1.3.2 Creativity measure

	2.1.4 Procedure
	2.1.5 EEG data collection
	2.1.6 EEG preprocessing

	2.2 Results
	2.2.1 Analytic overview
	2.2.2 Creativity measure
	2.2.3 Oddball vs. Standard stimuli ERP
	2.2.4 Creativity and the P300

	2.3 Discussion

	3 Study 2
	3.1 Methods
	3.1.1 Participants
	3.1.2 Design
	3.1.3 Measures
	3.1.3.1 Creativity task
	3.1.3.2 Incentive salience paradigm
	3.1.3.3 Schizotypy

	3.1.4 Procedures

	3.2 Results
	3.3 Discussion

	4 General discussion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


