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Sensitive Creators

Abstract

Individual differences in cognition, affect, and personality have been explored
extensively as factors in creativity, but pinpointing the exact factors has remained elusive. This
review proposes that a major gap has been lack of research on the relation between creativity and
temperament, which captures the biologically-based core of personality, especially studies on
sensitive temperament. Sensitivity has been associated with creativity anecdotally and in early
work but rarely investigated recently, particularly using recent more precise definitions of
sensitivity and state-of-the-art sensitivity and creativity assessments, nor has the relationship
between creativity and cognitive processes that should reflect sensitive neural processing been
investigated. This review also aims to identify cognitive abilities that characterize sensitivity and
their implications for creativity, concluding that orienting sensitivity is the most important trait in
the multiple trait temperament of sensitivity that predicts higher creativity. Sensitive, open
people are more creative due to a complex interplay of multiple traits and their associated
biological pathways, which originate from plasticity genes that interact with environmental and
experiential contexts to influence development of neurotransmitter systems, neurosensitivity
mechanisms (especially lower inhibition), and brain networks for automatic attention and

orienting.
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People differ widely in creative ability (Runco, 2014; Sawyer, 2012). Individual
differences in cognition, affect, and personality have been explored extensively as factors in
creativity, but pinpointing the exact factors has remained elusive (Sawyer, 2012). A creative
personality exists (Feist, 1998, 2010), and the “Big-Five” personality traits have various
relationships with creativity with openness to experience as the strongest predictor, but
controversies remain (Feist, 2010; Kaufman et al., 2016; Runco, 2014; Sawyer, 2012).
Sensitivity is a biologically-based personality/temperament dimension (Evans & Rothbart, 2007;
Pluess, 2015a) that has been associated with creativity anecdotally but rarely investigated and
with mixed results (Brodsky & Brodsky, 1981; Martindale, 1999; Martindale, Anderson, Moore,
& West, 1996; Necka & Hlawacz, 2013; Shamay-Tsoory, Adler, Aharon-Peretz, Perry, &
Mayseless, 2011). Critically, recent state-of-the-art sensitivity and creativity assessments have
not been used, especially those reflecting recent advances in defining sensitivity (Aron & Aron,
1997; Evans & Rothbart, 2007, 2008; Pluess, 2015a) nor has the relationship between creativity
and cognitive processes that should reflect sensitive neural processing been investigated. This
review addresses these major gaps in understanding individual differences in creativity, focusing
on sensitivity and its implications for cognitive processes supporting creative potential and
achievement.

Creativity
Neurobiological Theories of Creative Cognition

Neurobiological theories of creativity combine fields of neurobiology, neurogenetics and
cognitive neuroscience to explain individual differences in creative ability (Kaufman, Kornilov,
Bristol, Tan, & Grigorenko, 2010). A complication for any theory of creativity involves it’s

operationalization, as past definitions of creativity have been ambiguous and elusive, offering
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little consistency (Plucker, Beghetto, & Dow, 2004; Runco & Jaeger, 2012; Simonton, 2012).
However, the consensus “standard definition of creativity” requires both “originality” and
“effectiveness” (Runco & Jaeger, 2012; cf. Simonton, 2016). Originality requires something to
be novel. Effectiveness requires an idea or product to be useful. Neither term alone is sufficient
for creativity to emerge. For example, original ideas can stem from psychopathology or
randomness, but may lack value. On the other hand, effective or useful ideas lacking originality
are not new, and so already exist. Relevant to differential psychologists are the influential
frameworks that examine how novelty and effectiveness emerge as a function of product, place,
process and person (for a review of the Four P's of creativity, see Kozbelt, Beghetto, & Runco,
2010). Following these approaches, products and place examine creative products and places
they flourish, whereas process and person advance the idea that creative ability emerges from
basic human cognition, recognizing that individual differences explain all variation in creative
ability (Smith, Ward, & Finke, 1995). In this review, we take a person and process approach
from a neurobiological perspective to examine how individual differences in biologically-based
temperaments shape personality and creative cognition.

In early work, Martindale (1999) theorized that highly creative people have lower
cognitive inhibition due to frontal lobe deactivation, with greater disinhibition in the right
hemisphere, but only when engaged in the creative process. More recently, Kaufman et al.
(2010) suggest that cognitive disinhibition and hemispheric asymmetry reflect two separate
stages of the creative process. Disinhibition allows usually-inhibited, seemingly irrelevant
information to enter conscious awareness, thus facilitating the formulation of novel associations
(Carson, 2014) that are detected with right-hemisphere lateralized attention mechanisms. The

cognitive disinhibition and hemispheric asymmetry hypotheses are major theories of creativity
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that are consistent with evidence linking the creative process with anti-correlated active task
(frontoparietal control, salience) and default mode networks (DMN) in the brain (Buckner,
Andrews-Hanna, & Schacter, 2008) that are responsible for externally and internally directed
cognition, respectively (Dixon, Fox, & Christoff, 2014). The DMN contributes to both
disinhibition (e.g., Takeuchi et al., 2011) and right hemisphere processes underlying creativity,
including exogenous attention (Corbetta & Shulman, 2002; Friedman, Fishbach, Forster, &
Werth, 2003; Posner & Rothbart, 2007) and global processing (Forster & Dannenberg, 2010;
Ivry & Robertson, 1998; Kaufman et al., 2010; Schooler & Melcher, 1995). This review explains
how individual differences resulting from biological dispositions (i.e., temperaments) result in a
greater tendency towards those disinhibited and diffused attentional states that are conducive
with higher creativity.
Temperament, Personality and Creativity

Personality and Creativity

The personality approach to creativity looks for stable characteristics or constellations of
traits interacting with cognitive and environmental factors that facilitate creativity (Runco,
2014). The personalities of creative people are complex and paradoxical. For example, creative
people may have higher levels of intelligence but the naivety to question, the extraversion to
exchange ideas but the solitary introversion to work, the ability to engage in imagination/fantasy
but keep ideas rooted in reality, and an openness and sensitivity to experience consciousness but
a resilience so as not to suffer (Csikszentmihalyi, 1996). A quantitative meta-analysis shows the
most creative individuals are more likely to be higher in openness, introversion, impulsivity, and
display higher sensitivity to internal affective states compared with less creative people, but this

differs between artists and scientists (Feist, 1998); see also Batey and Furnham (2006).
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Openness is the factor amongst the Big-Five personality dimensions with the strongest
relationship with creativity (Feist, 2010; Kaufman et al., 2016; Runco, 2014; Sawyer, 2012).
Openness is a universal dimension of personality characterized as "the breadth, depth, and
permeability of consciousness, and in the recurrent need to enlarge and examine experience"
(McCrae & Costa, 1997, p. 826), the tendency to be imaginative, curious, perceptive, creative,
artistic, thoughtful and intellectual, all subsumed under the overarching explanation of cognitive
exploration (Deyoung et al., 2011). An Openness/Intellect personality captures core but distinct
elements of a global domain, referring to engagement with perceptual (for openness) and abstract
(for intellect) information (Deyoung et al., 2011), but including intelligence within the
Openness/Intellect factor is controversial, as is the suggestion that creativity is synonymous with
Openness/Intellect (Deyoung, 2013; Johnson, 1994). Indeed, whilst self-reports of openness are
weakly positively correlated with divergent-thinking (McCrae, 1987; Silvia, Nusbaum, Berg,
Martin, & O’Connor, 2009) and moderately positively with real-world creative achievements
(Carson, Peterson, & Higgins, 2005; Silvia et al., 2009), discriminant validity is suggested
(rs<.85; Kline, 2015). Openness, however, may interact with a range of other creative
characteristics, including autonomy, unconventionality and sensitivity (Runco, 2014); note, in
this idea, sensitivity is defined informally and does not use current definitions.

Big-Five traits converge to form higher-order meta-traits of “plasticity” and “stability”,
providing a missing link between child development and adulthood by defining core
constitutional mechanisms that “grow” personality through social and environmental interactions
(DeYoung, Peterson, & Higgins, 2002, 2005; Digman, 1997; see also Evans & Rothbart, 2009;
Rothbart, 2007). Plasticity and stability are related to, but have opposing effects (positive vs.

negative relationship, respectively), on measures of divergent-thinking (Silvia et al., 2008) and
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creative achievement (Silvia et al., 2009): Only plasticity predicts higher creativity. Stability
loads neuroticism (reversed), conscientiousness and agreeableness and is related to serotonergic
variation underlying emotional and motivational regulation, and controlled, organized, goal-
oriented behavior (DeYoung et al., 2006). Plasticity loads openness and extraversion traits.
Extraversion is a behavioural manifestation of exploratory, approach behaviours and reward
seeking and is considered distinct from the more cerebral cognitive exploration of
Openness/Intellect. However, the commonalities between these two traits can be explained by
the influence of dopamine forming a biological substrate for both (Depue & Collins, 1999;
Deyoung et al., 2011; DeYoung et al., 2002, 2005). Variation in both D4 (DRD4) and catechol-
O-methyl-transferase (COMT) genes involved with prefrontal dopaminergic function predict
Openness/Intellect, and DRD4 also predicts Extraversion (Deyoung et al., 2011), consistent with
a biological taxonomy perspective that personalities are composed of interdependent, contingent,
and multiple-level traits, instead of independent factors (Trofimova, Robbins, Sulis, & Uher,
2018).
Temperament and Personality

Despite numerous studies, the existence of a relationship between creativity and
personality traits remains controversial (Necka & Hlawacz, 2013; Sawyer, 2012) so this review
proposes that the sometimes tenuous evidence for a relationship is due to factors not adequately
captured by psychometric personality assessments: Temperaments (Necka & Hlawacz, 2013).
These are early emerging basic dispositions in activity, affectivity, attention and self-regulation
due to a complex interaction of genetic, epigenetic, biological and environmental factors that
form the foundations of global personality traits (Goldsmith et al., 1987; Rothbart, Ahadi, &

Evans, 2000; Shiner et al., 2012). Some argue that temperament and personality are different
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ways of describing the same trait separated only by the age of manifestation, with temperament
relating to childhood and personality relating to adulthood. In this view, individual differences in
temperament are subsumed under the Big-Five traits (Shiner et al., 2012; Shiner & DeYoung,
2013). However, there is consensus that core properties of personality and temperament are
distinct. Personality concerns a wide range of individual differences interacting with socio-
cultural factors, including specific thoughts (i.e., cognitions, beliefs, values). Temperament
includes dispositional biological and cognitive processes relating to reactivity and regulation
(e.g., arousal and attention orienting) that interact with socio-cultural factors, and influence, but
do not include, specific thoughts, most of which are specific to humans (Evans & Rothbart,
2007; Trofimova & Robbins, 2016).

A key difference between temperament and personality models rests in how those
constructs are defined empirically. Temperament theories have a biological basis, for example
explaining human behavior as a complex interplay between specific neurotransmitter systems
(Trofimova, 2018). Personality models, such as the Big-Five, are constructed based on the
lexical hypothesis, which assumes all important human personality attributes will be encoded in
languages across the world, ultimately as single terms (Goldberg, 1993). Indeed, the Big-Five
personality model is based on correlations and factor analysis emerging from peer ratings (cf.
McCrae & Costa, 1987), taking a structural approach looking for consistency (e.g., across
cultures) in broad, universal traits, rather than change, being unconcerned with how measures on
a particular personality dimension have developed, i.e., how biological dispositions grow
personalities through experience (Trofimova, 2018). The lexical approach has been criticized, for
example, as being affected by pro-social bias of language, meaning that peer ratings are biased

towards the socialization aspects of human life, rather than the biological factors of individuality.
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Further, the statistical approaches used to define dimensions of personality (i.e., correlations and
factor analysis) are not sufficient to capture the dynamical, interactive relationship between
components of biologically-based traits (Trofimova, 2014). In this paper, we argue that the
controversial link between creativity and personality (Necka & Hlawacz, 2013; Sawyer, 2012)
exists because the lexically-driven models of personality do not adequately capture the
biologically-based individual differences that may explain individual creativity.

Temperament has received little attention in creativity literature and is not explicitly
included in recent influential reviews and books (Hennessey & Amabile, 2010; Kaufman &
Sternberg, 2010; Sawyer, 2012) and models of the creative personality (Feist, 2010), though it is
indirectly included by acknowledging genetic and epigenetic influences on creativity and has
recently been identified as a major critical gap in creativity research (Feist, 2010; Necka &
Hlawacz, 2013; Runco, 2014).

Early Studies of Creativity and Sensitivity

Sensitive temperament has been associated with creativity mainly based on anecdotal
observations, “every sensitive person is unusually creative® (Shamay-Tsoory et al., 2011, p.
104), in qualitative research characterizing eminent creators (Martindale, 1989; Runco, 1998) or
groups (Brodsky & Brodsky, 1981), and in a few early experiments where Martindale and
colleagues highlighted the role of sensitivity or reactivity of cortical arousal in creative
cognition, showing that highly creative people are over-sensitive and more physiologically
reactive than people low in creativity (for a review, see Martindale, 1999). The latter provided
the first experimental evidence that physiological sensitivity and slower habituation of the
attention orienting response is linked to creative potential. In summary, Martindale and

colleagues found that high, compared to low creativity, is associated with higher automatic alpha
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blockade (switching to externally-directed endogenous attention) during the course of auditory
habituation, and higher intentional alpha suppression (Martindale & Armstrong, 1974). Alpha
occurs when a person is minimally aroused; relaxed but awake. Greater alpha activity is thought
to indicate the low arousal state associated with internally-oriented attention required for
associative ideation (cf. Dietrich & Kanso, 2010; Fink & Benedek, 2014; Martindale &
Armstrong, 1974). Further, high, compared to low creativity, is associated with higher ratings of
electric shock intensity (i.e., higher sensitivity) (Martindale, 1977), increments in skin
conductance response instead of decrements (i.e., higher automatic orienting attention), and less
gamma electroencephalogram habituation (i.e., higher attention orienting and conscious
perception) (Martindale et al., 1996). Overall, this suggests high creativity is associated with
both higher automatic attention orienting in the DMN and conscious, effortful, externally-
directed attention, consistent with the dynamic interplay between attention networks associated
with creativity (Beaty, Benedek, Silvia, & Schacter, 2016), but also higher sensory sensitivity
more precisely defined in recent temperament frameworks.
The Sensitive Temperament

This review addresses major gaps in creativity and personality research: recent advances
in defining the sensitive temperament (Aron & Aron, 1997; Evans & Rothbart, 2007; Pluess,
2015a). Sensitivity is often measured using the inventory approach (Aron, Aron, & Jagiellowicz,
2012; Evans & Rothbart, 2007; Strelau & Zawadzki, 1993) although the trait is proposed to have
a biological-basis (e.g., Aron & Aron, 1997) and thus falls within the definitions of temperament
defined in this review. Different temperament frameworks provide unique but overlapping
explanations of sensitive temperaments, although the relationship between individual differences

in creativity and current definitions of sensitivity, as well as the cognitive processes that should
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reflect sensitive neural processing, have not been considered together prior to this review. Space
does not permit a thorough review of the biological foundations and neural correlates of sensitivity,
however for a broadly focused review of the biological substrate of sensitivity, see Moore and
Depue (2016), and see Homberg, Schubert, Asan, and Aron (2016) for an examination of the
similarities between SPS and short (s) low-expressing allelic variant of the serotonin transporter
linked polymorphic region (5-HTTLPR) and the proposed underlying neur(on)al mechanisms of
neurosensitivity. Based on an integration of sensitivity frameworks, this review focuses on
sensitivity to propose its neurocognitive implications for creativity.
Temperament Frameworks Highlighting Sensitivity

Sensory-sensitivity. In 1993, Strelau’s Regulative Theory of Temperament defined a
biologically-based temperament taxonomy according to individual differences in central-nervous-
system properties. Strelau and Zawadzki (1993) proposed six temperament traits, including
“sensory-sensitivity” defined as how easily one reacts to sensory stimulation of low stimulus value
(Hintsa et al., 2016; Kantor-Martynuska, 2012). Data-driven approaches suggest higher sensory-
sensitivity produces faster responses to low than high threshold stimulation, but the methods used
have questionable reliability and validity (for a review, see Strelau, 1998). Strelau addressed the
shortcomings of the data-driven approach by defining temperament in terms of temporal and
energetic (i.e., arousal level) behavioral characteristics and developing the Formal Characteristics
of Behaviour-Temperament Inventory. Using this inventory, Strelau and Zawadzki (1995) show
sensory-sensitivity trait positively correlates with Openness, suggesting a role for sensory-
sensitivity in creative personalities (e.g., Bridges & Schendan, submitted). However, the
underlying mechanism of sensory-sensitivity measured with the inventory approach cannot be

answered, and may result from either sensory thresholds or orienting attention (Strelau &
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Zawadzki, 1995). Further, the sensory-sensitivity scale has low validity scores and has been
excluded from recent studies (Hintsa et al., 2016), and the Regulative Theory of Temperament
scale has not been used to study creativity. Sensory-sensitivity has been suggested to need revision
to incorporate multimodal, emotional and attention implications highlighted by more recent
temperament frameworks (Kantor-Martynuska, 2012), described next.
Sensory-processing-sensitivity (SPS). In 1997, SPS (Aron & Aron, 1997) was defined
as a broad temperament consisting of sensitivity traits associated with different outcomes in
personality, well-being and creative potential (Aron & Aron, 1997; Smolewska, McCabe, &
Woody, 2006; Sobocko & Zelenski, 2015). It is a unidimensional genetically influenced trait
characterized by differences in transmitting and processing sensory information. People with
high sensitivity tend to be more inhibited towards novelty, but show greater openness to
environmental subtleties and engage in deeper processing strategies for planning effective action,
all driven by stronger biological or emotional reactivity (Aron & Aron, 1997; Aron, Aron, &
Davies, 2005; Aron et al., 2012). The self-report, highly sensitive person scale (HSPS) was
designed to measure this temperament as a unidimensional construct by Aron and Aron (1997),
although they originally identified two distinct groups of highly sensitive individuals differing in
their manifestations of negative affect following experiences of contextual adversity (e.g.,
childhood trauma). Indeed, recent evidence supports the existence of a multiple trait structure to
the HSPS consisting of one global, higher-order domain of sensitivity and up to three moderately
positively correlated traits: Aesthetic- or orienting-sensitivity (OS; i.e., aesthetic awareness or
automatic attention orienting to subtle stimulation, respectively) is the most commonly found; a
negative-affect (NA) trait, which most studies indicate is composed largely of at least two traits:

ease-of-excitation (i.e., easily overwhelmed by stimulation) and low-sensory-threshold (i.e.,
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unpleasant sensory reaction to external stimulation, e.g., loud noise) (Bridges & Schendan,
submitted; Evans & Rothbart, 2008; Lionetti et al., 2018; Smolewska et al., 2006; Sobocko &
Zelenski, 2015). Intriguingly, two factor solutions of the HSPS (Evans & Rothbart, 2008)
indicate that OS and NA are differentially related to measures of positive and negative affect,
respectively (Evans & Rothbart, 2008; Sobocko & Zelenski, 2015), consistent with two distinct
highly sensitive groups reported by Aron and Aron (1997). The HSPS distinguishes between
those high on HSPS (HSP) versus non-HSP groups, which divide further into medium and low
sensitivity groups (Lionetti et al., 2018). These three groups differ in relative sensitivity but not
relative composition of HSPS traits, supporting the existence of a global, unidimensional
sensitivity domain (Lionetti et al., 2018). However, HSPS traits have different relationships with
positive and negative affect, emotional reactivity, and Big-Five personality factors (Bridges &
Schendan, submitted; Evans & Rothbart, 2008; Lionetti et al., 2018; Smolewska et al., 2006;
Sobocko & Zelenski, 2015), suggesting each may be associated with different developmental
outcomes.

Emotion-attention temperament framework. OS and NA traits are captured within the
emotion-attention framework of Evans and Rothbart, which defines four temperament factors
based on emotion and dispositional attention. These temperaments are measured using the self-
report, Adult Temperament Questionnaire (ATQ; Evans & Rothbart, 2007, 2008, 2009) that
expands measurements of OS and NA traits identified in two-factor solutions of the HSPS, but
treats them as two independent temperaments (Evans & Rothbart, 2008) that are distinct from
“effortful-control” and “extraversion” temperaments, which are not HSPS traits (Evans &
Rothbart, 2008). OS is defined as automatic orienting attention to internal and external events

and relates to exogenous involuntary, stimulus-driven attention in the ventral (posterior) network
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that aligns attention externally to relevant sensory stimulation (Connor, Egeth, & Yantis, 2004;
Corbetta & Shulman, 2002; Posner & Rothbart, 2007) or internally to explicit memory (Binder &
Desai, 2011; Buckner et al., 2008), as described in the attention to memory model (Cabeza et al.,
2011). OS is distinct from effortful control, or endogenous, voluntary, goal-driven orienting of
attention controlled by dorsal (anterior) attention networks (for a review, see Rothbart,
Derryberry, & Posner, 1994). OS is the positive-affect-related component with strong positive
correlations with openness. NA relates to negative feeling, over-arousal and sensory discomfort
and is the negative-affect-related component correlated positively with neuroticism and
introversion (Bridges & Schendan, submitted; Evans & Rothbart, 2008; Sobocko & Zelenski,
2015). This framework adds unique value by characterizing OS according to variation in an
observable, objective cognitive ability of automatic attention and orienting.

Environmental sensitivity: For better or worse. The environmental sensitivity (ES),
framework incorporates ideas about SPS (Aron & Aron, 1997), explaining both negative and
positive aspects of sensitivity within a single account (Pluess, 2015a): Disproportionate reactivity
to the environment can produce either negative outcomes (e.g., neuroticism, introversion,
anxiety) due to history of contextual adversity (Aron & Aron, 1997; Aron et al., 2005; Pluess,
2015a), or “vantage sensitivity” wherein positive outcomes (e.g., openness, resilience, creativity)
arise from a history of contextual advantage (or enriching environments, e.g., sensitive
parenting) (Pluess, 2015b). The HSPS captures both outcomes, as indicated by its two- and
three-factor solutions (Evans & Rothbart, 2008; Smolewska et al., 2006; Sobocko & Zelenski,
2015). Individual variations in gene-environment interactions, epigenetics, and associated
neurobehavioral phenotypes (e.g., temperament traits) result in greater environmental reactivity

(Belsky & Pluess, 2009; Pluess, 2015a). ES is polygenic, including the 5S-HTTLPR and DRD4 7-
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repeat or DRD2 of dopaminergic genes (Homberg et al., 2016; Moore & Depue, 2016). The
clearest evidence shows that high HSPS scores are associated with s/s homozygosity of 5-
HTTLPR (Licht, Mortensen, & Knudsen, 2011) and multiple candidate genes affecting the
dopaminergic system (Chen et al., 2011). ES is proposed to be grounded in a “neurosensitivity”
mechanism in which the central-nervous-system responds more strongly to sensory stimulation
in more sensitive individuals (Pluess, 2015a). At the neuronal level, the mechanism for both ES
and 5-HTTLPR has been proposed to be neuronal hyper-excitability due to reduced inhibitory
control and increased synaptic spine density, providing a mechanism whereby stimulation
accumulates to threshold levels more rapidly in sensitive individuals (Homberg et al., 2016).
Cognitive disinhibition (i.e., reduced inhibition) is a key mechanism for the creative process
(Kaufman et al., 2010; Martindale, 1999) and may contribute to the relationship between higher
creativity in sensitive people (Figure 1).

Plasticity (sensitivity) temperament. A recent temperament taxonomy linked traits with
sets of neurotransmitters, as in the Functional Ensemble of Temperament (FET; Trofimova &
Robbins, 2016). While FET does not explicitly name a sensitive temperament, the mental trait of
Plasticity (vs. rigidity) captures this concept, by referring to variation in ease of starting and
stopping activity and flexibility and adaptability to new contexts and is associated with frontal lobe
function (Trofimova, 2010). Consistent with this, plasticity in FET is associated with serotonin (5-
HT) neurotransmitter systems and dopamine (especially DRD4) (i.e., plasticity genes) that have
been implicated in ES. Further, while general arousal, which is central to most temperament
theories, has been associated with extraversion personality, FET and ES frameworks agree that

general arousal confounds the low sociability of introverts and high sensitivity, and the arousal
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systems underlying ES, sociability, and impulsivity differ (Aron et al., 2012; Trofimova &
Robbins, 2016).

A synthesis of sensitivity frameworks. Crucially, all these major temperament
frameworks include sensitivity as a major domain of trait facets and the substantial feature overlap
allows synthesis into a parsimonious understanding of sensitivity.

Each framework defines sensitivity as reactivity to environmental stimuli, where
thresholds are defined by the interaction between the trait magnitude of neurosensitivity, and the
magnitude of the environmental stimuli, which further interact with emotional-motivation systems
that trigger adaptive behaviours of approach or avoidance, depending on the valence of the
emotional response to the environment (Moore & Depue, 2016; Pluess, 2015a) Stimulation beyond
sensory-threshold experienced with high sensitivity can lead to positive or negative-affect-related
outcomes and tendencies, depending on how developmental context interacts with plasticity genes
(Aron & Aron, 1997; Pluess, 2015a; Trofimova, 2010). The needs and capacity system in FET
theory provides a mechanism explaining how happiness or suffering is dependent on an organisms
capacity to cope with events that trigger overstimulation (Trofimova, 2018). When needs outweigh
capacity, the resulting affective valence is negative, and when capacity is sufficient to cope with
need, the resulting valence is positive. This is particularly important in relation to novelty, a core
requisite of creativity (Runco & Jaeger, 2012), considering that novelty presents potential for
uncertainty, un-preparedness and incapacity to cope. Overstimulation from novelty experienced
by high sensitives may signal lack of capacity to handle situations, resulting in behavioural
inhibition and withdrawal (Aron & Aron, 1997). This tendency, however, is mediated by
experiential context interacting with plasticity genes during development. Traumatic environments

develop tendencies towards negative-affect, withdrawal and avoidance of novelty (Aron & Aron,
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1997; Aron et al., 2005), and beneficial, enriching environments develop tendencies towards
positive-affect, openness and resilience of vantage sensitivity (Pluess, 2015b), which are important
for creativity (Csikszentmihalyi, 1996). The ability to cope (or not) with sensory overload may
influence cognitions in similar ways by upregulating the alerting and orienting systems (i.e., higher
orienting sensitivity) to find additional alternatives that a) help cope in cases of negative-affect, or
b) challenge existing capacities in cases of positive-affect thus enabling greater capacity for
sensation (information) seeking (Trofimova, 2018).

As we shall see, these cognitive implications may define the sensitive creator as one
outcome of vantage sensitivity. However, to fully understand sensitivity may require an
interdisciplinary approach based on empirically-supported, biological concepts to define traits,
rather than the lexically-driven approach of personality psychology to define independent traits,
such as the Big-Five (Trofimova et al., 2018). The biological taxonomy perspective, exemplified
by FET, does not require independent traits but instead suggests that traits are composed of
interdependent, contingent, and multiple-level characteristics (Trofimova et al., 2018) that should
be measured together, where multiple-trait configurations describe each individual (Cloninger &
Zwir, 2018; Kagan, 2018), e.g., in studies identifying creative personalities. By this view,
sensitivity (by any framework) may be better characterized as a multi-trait profile instead of a
single temperament trait. Indeed, the multiple-factor nature of the HSPS supports this view, as the
HSPS was designed to capture a particular type of person characterized by a set of traits (Aron &
Aron, 1997; Aron et al., 2012; Lionetti et al., 2018). In contrast, the emotion-attention framework
with the ATQ, defines independent temperaments, proposing that OS traits define sensitive
temperament, whereas other HSPS traits contribute to an NA temperament. However, according

to the ES view and a multiple trait view of temperament, a global sensitive temperament may be
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characterized by sets of either OS and NA traits in the emotion-attention framework or the multiple
traits of the HSPS (OS, ease-of-excitation and low-sensory-threshold). Thus a highly sensitive
person could have the multiple-trait profile wherein each trait differs in its relationship to
personality and creativity.

Mechanisms of Creative Potential and Achievement due to Sensitive Temperaments

Sensitivity and creativity within modern sensitivity frameworks. A few studies used
these recent temperament frameworks to determine a relation between sensitivity and creativity.
Plasticity (Sensitive) Temperament in FET is related to divergent-thinking, but its relationship
with Big-Five personality factors is unclear. According to Rusalov and Trofimova (2007) plasticity
and ergonicity scales of the Structure of Temperament Questionnaire (STQ), which is based on
the FET theory, correlate positively with Big-Five extraversion scales (Rusalov, 1989) and the
Torrance nonverbal tests of creative thinking, which also correlates negatively with the
Emotionality STQ scale (Rusalov & Poltavtseva, 1997). However, plasticity and ergonicity do not
correlate with openness, which instead correlates positively with STQ scales of Empathy,
Sensitivity to Probabilities, Intellectual Endurance, and Impulsivity. This illustrates ambiguity in
how different sensitivity components are related to each other and to different creativity processes,
an important area for future studies of temperaments and creativity.

How different components of the sensitive temperament are related to creativity has not
been explored, except for a recent study by Lin and colleagues using the ATQ (2013) and our
recent work using both ATQ and HSPS (Bridges & Schendan, submitted). For activating mood
states (approach vs. avoidance), positive-affect is associated with higher creativity, whereas
negative-affect is associated with lower creativity (cf. Akinola & Mendes, 2008; De Dreu, Baas,

& Nijstad, 2008; Kaufmann, 2003). Thus among sensitivity factors, those associated with positive-
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affect (i.e., OS) may increase creativity, while those associated with negative-affect (i.e., NA, or
ease-of-excitation and low-sensory-threshold) decrease creativity. Indeed, Lin and colleagues
(2013) found that higher ATQ OS predicts verbal and figural insight problem-solving and
divergent-thinking subscales of the Abbreviated Torrance Test for Adults (ATTA; Goff &
Torrance, 2002) measuring fluency, flexibility, originality, and elaboration. However, when OS,
6-factor personalities, and 1Q are considered altogether, OS explains unique variance in insight but
not divergent-thinking subscales (Lin et al., 2013). This suggests that OS is related only to the
illumination stage of the creative process (Lubart, 2001; Wallas, 1926) leading to insight.
However, NA and the HSPS were not assessed, nor were interactions of sensitivity traits and
personality, or overall ATTA score.

More recently, Bridges and Schendan (submitted) conducted a laboratory study with a large
diverse sample (N=288) to establish relationships between sensitivity and creative potential and
achievement using state-of-the-art measures. This was done while controlling negative-affect and
Big-Five personality traits, which is critical for research on sensitivity due to its conceptual and
empirical relationships with openness and negative emotionality including neuroticism and
introversion (Aron & Aron, 1997). Positive associations were demonstrated among three diverse
big-C and little-c creativity measures, measuring divergent-thinking (ATTA), ideation (Runco,
Plucker, & Lim, 2000-2001), and achievement (Carson et al., 2005). Critically, only OS and the
Big-Five trait of openness positively correlate with all three creativity measures and can each
independently predict both achievement and ideation. Intriguingly, OS and openness interact:
Openness predicts divergent-thinking and achievement more strongly as sensitivity rises above
average. No clear relationship was found between NA sensitivity factors and creativity. Thus,

when a multiple-trait profile is considered, OS consistently promotes creativity leading to the
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intriguing conclusion that the positive-affect-related OS component of sensitivity the main one
associated with higher creativity and thus vantage sensitivity that promotes creativity.

Genetic basis to the sensitive creator. Sensitive temperament is associated with plasticity
genes, especially serotonin and dopamine. Serotonin has a role in cognition, mood, impulse control
and motor functions by modulating neuronal activity and neurotransmitter release in regions
associated with the DMN (Celada, Puig, & Artigas, 2013) also implicated in ES (Moore & Depue,
2016) and creativity [53]. S-HTTLPR has been associated with verbal and figural creativity (Volf,
Kulikov, Bortsov, & Popova, 2009). Associations between S-HTTLPR and intelligence raise the
possibility of associations in this population between intelligence and creativity. The S-HTTLPR
s-allele is the serotonin gene most strongly linked to ES (Homberg et al., 2016). Short allele (S/S)
carriers have higher intelligence scores than those with the long allele (Volf, Sinyakova, Osipova,
Kulikova, & Belousova, 2015). However, sensitivity (ATQ-OS) still predicts insight creativity
after controlling intelligence (Raven’s) (Lin et al., 2013). This suggests that intelligence cannot
entirely explain greater creativity in higher sensitivity. The 5-HTTLPR s-allele is also associated
most consistently with increased activity in the DMN, and this activity overlaps with that found in
those high on the HSPS (Homberg et al., 2016). Intriguingly, the DMN involvement also supports
the ideas that the OS trait captures the primary core of ES (Aron et al., 2012) and underlies
individual variation in the involuntary orienting attention system (Evans & Rothbart, 2007),
especially the ventral attention network in the right hemisphere, within the DMN. However,
because the ES construct is polygenic, ES effects would be expected in neurotransmitter systems
beyond those implicated in the 5S-HTTLPR s-allele, especially dopamine, the next most strongly

implicated neurotransmitter system. Thus further work will need to disentangle the contribution to
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creativity of cognitive differences associated with sensitivity and its various polygenetic
combinations.

Sensitivity, automatic attention, and creativity. The evidence for relationships between
sensitivity and creativity, including early behavioural and physiological evidence (for reviews,
see Kaufman et al., 2010; Martindale, 1999), supports a role for sensitivity of orienting attention
processes in creativity and is consistent with the cognitive disinhibition and hemispheric
asymmetry hypothesis of creativity. For example, the Martindale et al. (1996) study indicates
that creativity is associated with lower ability to habituate to sensory stimulation, which is
associated with a higher orienting response. The orienting response reflects activity in basic
motivational systems that function to orient attention immediately towards novel, important and
relevant events in the environment, either voluntarily or involuntarily (Sokolov, 1963, 1990)
through mechanisms supported by the distributed dorsal and ventral orienting attention brain
networks, respectively (Barry, MacDonald, De Blasio, & Steiner, 2013; Corbetta & Shulman,
2002; Knight, 1996; Posner & Rothbart, 2007). The sensitive person is characterized as being
more consciously aware of stimuli (Aron et al., 2012), with the OS items of the HSPS and ATQ
asking about awareness of subtle information from perceptual, emotional, and memory sources.
Intriguingly, disorders of the ventral attention system are associated with low awareness or
stimulus insensitivity, as in hemispatial neglect (Friedrich, Egly, Rafal, & Beck, 1998), although
considerable pre-attentive processing of neglected stimuli can still take place without reaching
conscious awareness (Driver & Vuilleumier, 2001). Conversely, high ventral attention function
might result in high stimulus sensitivity, as in the sensitive temperament. Although attention may
play a critical role in the sensitive and creative person, precisely how OS (Evans & Rothbart,

2007) and ES (Aron & Aron, 1997; Pluess, 2015a) map onto endogenous and exogenous
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attention processes has not been established and will be an important area for future work.
However, the role of right-lateralized exogenous attention networks in the sensitive creator is
implicated since those networks may benefit creativity as global attentional scopes facilitate
access to remotely associated content in memory (Forster & Dannenberg, 2010), which may be
useful for global problem restructuring and creative insight (Schooler & Melcher, 1995) and
divergent-thinking (Friedman & Forster, 2001).

Implications for creativity due to neurosensitivity and attention sensitivity. This review
synthesizes these ideas about sensitivity, personality and creativity into a framework of the

biological mechanisms that explain why sensitive, open people are more creative (Figure 1).

Pathway to sensitive creator through contextual advantage
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Figure 1. Biological Pathway to the Sensitive Creator. Genotypes (including epigenetics),
neurobehavioral phenotypes, and developmental environments shape the outcomes of sensitive
temperament. Positive environments (contextual advantage) interact with OS trait to promote

resilience to novelty and development of a Big-Five profile with higher Openness thus lowering
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NA traits, or ease-of-excitation and low-sensory-threshold traits, and Neuroticism. Negative
environments (contextual adversity) decrease resilience to novelty and probability of a Big-Five
profile with lower Openness with higher NA trait (or ease-of-excitation and low-sensory-threshold
traits) and higher Neuroticism and, to a lesser extent, lower Extraversion. Consequently, in
sensitive temperament, positive environments lead to higher creativity primarily through
mechanisms of openness, disinhibition (neurosensitivity via reduced inhibition) and/or resilience
and sensitive orienting to novelty, and to a lesser extent, through lower neuroticism. In contrast,
negative environments lead, if anything, weakly or possibly even negatively to creativity through
mechanisms of lower openness and/or higher negative affect (more neuroticism than introversion)
due to lower resilience to novelty and tendencies towards overstimulation (ease-of-excitation;
highest association with neuroticism) and higher discomfort from external sensations (low-
sensory-threshold). Note. Sensitivity trait weight: Solid arrow indicates strong evidence; dashed
arrows indicate weak evidence; line thickness indicates relative strength of association with
creativity.

Developmental environment interacting with sensitivity mechanisms define the sensitive
creator. The interaction between plasticity genes and the environment influences development of
neurobehavioral phenotypes, which embody neurosensitivity mechanisms of reduced inhibition
and higher synaptic spine density, as in ES theories, and/or neural mechanisms of automatic
attention and orienting sensitivity, in the emotion-attention framework. Intriguingly, these two
sets of mechanisms align with the neurobiological account of Martindale (1999), respectively,
which suggests that cognitive disinhibition and hemispheric asymmetry reflect two separate
stages of creative cognition (Kaufman et al., 2010), including ideation and orientation towards

novelty.
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Overall, as a multiple trait temperament, sensitivity promotes creativity, but different
sensitivity traits are likely associated with different genes, neurodevelopmental pathways
depending upon environmental context, neurobehavioral phenotypes and mechanisms,
personality profiles, and creativity processes. Sensitive temperament traits associated with
positive affect (i.e., OS) strongly promote higher creativity, while ones associated with negative
affect (i.e., NA or ease-of-excitation and low-sensory-threshold), if anything, very weakly
increase, or may slightly lower, creativity (e.g., Bridges & Schendan, submitted). While ES and
5-HTTLPR are clearly associated (Homberg et al., 2016), ES is polygenic, and the HSPS traits
are associated with different outcomes in personality, emotion and well-being (Aron & Aron,
1997; Evans & Rothbart, 2008; Smolewska et al., 2006; Sobocko & Zelenski, 2015).
Nonetheless, some mechanisms of neurosensitivity (i.e., cognitive disinhibition/reduced
inhibitory control and/or sensitive exogenous orienting) may be common across sensitivity
subtypes. Vantage sensitivity may offer greater tolerances for disinhibited thought, exploration,
curiosity and openness towards novelty that may be important for creativity. Indeed, the
openness and sensitivity to experience consciousness, but with a resilience so as not to suffer, is
one of the paradoxical characteristics of the creative person (Csikszentmihalyi, 1996). In vantage
sensitivity, due to greater resilience, the need to withdraw for self-regulation due to
overstimulation would be lower than in negative-affect-related sensitivity (Aron & Aron, 1997),
thus providing vantage sensitivity a greater range of stimulation and information-extraction that
can be used in the creative process (for a review, see Lubart, 2001; Wallas, 1926). See Table 1
for a summary of key insights regarding the effects of sensitivity on underlying biological

mechanisms of the sensitive creator.
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Table 1.

Key insights of the underlying biological mechanisms of the sensitive creator

Sensitive Creators

Genotype Phenotype References
Neuronal Large scale brain Cogmt'lon /
networks Behaviour
Sensory-sensitivity of the Regulative Theory of Temperament
Openness
Default mode Sensitive orienting Strelau and
n/a lsoizss(gr};lfllﬁlzssglll(jeto network / ventral  attention Zawadzki
attention system (1995)
Susceptibility to
overstimulation
Plasticity of the Functional Ensemble of Temperament
. Serotoninergic & Ease of
Serotonin dopaminergic starting/stoppin
(5-HT short Enhanced p &1 g/s’opping, Trofimova
.. neurotransmitter  adaptability & .
allele) & neuroplasticity s and Robbins
. pathways flexibility to novel
Dopamine : g . (2016)
(DRD4) interacting, cgntexts, hlghq
prefrontal cortex  divergent thinking
Environmental sensitivity / sensory-processing sensitivity
Susceptibility to Homberg et
Default mode and overstimulation al., (2016)
Neurosensitivity: salience o
. oo Sensitivity to Pluess
Serotonin hyperexcitability from  networks, subtleties (2015a)
(5-HT short  higher spine density primarily, & their
allele) and reduced inhibition  interactions with .
oy Deeper processing Aron and
cognitive control
network . . Aron (1997)
Higher emotional
reactivity & empathy
Dopamine Moore and
(DRD4 Dopamine Lower latent Depue (2016)
]7)_126113);?’ pathways inhibition Chen etal.,
(2011)
Orienting Sensitivity of the emotion-attention framework
Sensitive automatic
orienting of attention
to novelty Homberg et
Default mode al., (2016)
Proposed . Openness
. Serotonergic cells network / ventral
Serotonin attention svstem Evans and
4 Resilience to sensory  Rothbart
overload (2007)

Positive affect
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The four-stage model of creativity (for a review, see Lubart, 2001; Wallas, 1926) breaks
the creative process down into separate cognitive processes involving preparation, incubation,
illumination and verification. Preparation involves information-gathering, a primary function of
the orienting reflex (Posner, 1980; Sokolov, 1963, 1990), and, of particular importance in
creativity, would be orientation towards novelty. Novelty-seeking is a behavioral trait associated
with positive affect and openness, both of which are OS correlates (DeYoung et al., 2002, 2005;
Evans & Rothbart, 2007; Sobocko & Zelenski, 2015). A sensitive orienting system in vantage
sensitivities, as with OS, would be more able to extract and encode information. During
incubation, cognitive disinhibition resulting from low arousal or effortful control could facilitate
spontaneous mind wandering, day-dreaming etc., perhaps in part through associated upregulation
of automatic exogenous orienting attention in the DMN and ventral attention network, as in OS.
During incubation, a sensitive, strongly right lateralized exogenous attention system could have a
greater ability to orient towards low threshold, novel associations in memory and bring them to
the forefront of consciousness in a spark of insight, or illumination (e.g., Lin et al., 2013). This
would predict, for example, higher scores on creative insight tasks such as the remote-associates
task. Consistent with this, greater insight in remote-associates task performance is associated
with higher alpha electroencephalogram (Jung-Beeman et al., 2004; Kounios et al., 2008) that
may reflect right lateralized exogenous attention (Cooper, Croft, Dominey, Burgess, & Gruzelier,
2003; Klimesch, Doppelmayr, Russegger, Pachinger, & Schwaiger, 1998) or internally directed
cognitions required for associative ideation (cf. Dietrich & Kanso, 2010; Fink & Benedek, 2014;
Martindale & Armstrong, 1974). OS may index diffused, exogenous attentional processes
associated with global hierarchical perception and could be associated with higher remote-

associates task performance, insight, and divergent-thinking performance (e.g., Bridges &
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Schendan, submitted; Lin et al., 2013), consistent with the hemispheric asymmetry hypothesis of
creativity.

Neurosensitivity with associated plasticity genes and their related neurotransmitter
systems could explain higher automatic attention and orienting processes that promote creativity,
and may thus explain the biology of sensitive temperament and its relation with creativity.
Neural mechanism, including disinhibition and ventral attention in the DMN could be key to
explaining the sensitivity and creativity relationship, as suggested by the cognitive disinhibition
and hemispheric asymmetry accounts of creativity. The DMN is associated with sensitivity
(Jagiellowicz et al., 2010) via exogenous attention thought to underlie the OS. The DMN
supports global functional integration, thinking and memory processing (Vatansever,
Manktelow, Sahakian, Menon, & Stamatakis, 2018; Vatansever, Menon, Manktelow, Sahakian,
& Stamatakis, 2015) and is the large scale cortical network most strongly associated with
creativity (Beaty et al., 2016). So far, only the OS trait of sensitivity has been clearly associated
with creativity (Bridges & Schendan, submitted; Lin et al., 2013). This review proposes that the
OS trait is the most important of sensitivity traits for creativity, and the neurosensitivity
mechanisms that promote creativity include disinhibition, automatic orienting, and right
hemisphere processes for global processing and integration in the DMN. Nonetheless, future
work on sensitivity and creativity should determine whether other sensitivity/plasticity traits,
neurotransmitter systems, and genes are associated with creativity. For example,
psychopathology has been linked to creativity (Carson, 2014; Carson, 2011), suggesting the
negative affect-related traits of sensitivity may also contribute to some processes that underlie
creativity.

Future Directions
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We recommend that a broad aim of future research on individual differences in creativity
should be to determine individual differences in biologically-based personality and temperament,
especially sensitivity traits that characterize the creative person. One aim should be to establish
relationships between temperament, personality and creative potential and achievement using a
variety of state-of-the-art measures. A second aim should be to establish objective measures of the
cognitive, sensorimotor, and socioemotional processes associated with the temperament and
personality traits that are associated with creativity to facilitate development of a neurobiological
basis for creativity. We recommend focusing on both the global sensitivity temperament and the
OS trait, which have received little attention in creativity research, yet temperament is the
biologically-based core of personality, and OS is associated with openness, which is the
personality most strongly linked to creativity. This review proposes the novel hypothesis that
vantage sensitivity especially includes an OS trait that interacts with positive experiences to
promote positive outcomes of the sensitive temperament, such as creativity, and thus provides a
cognitive basis for the role of sensitivity in creative cognition, through the mechanisms of
automatic attention (Evans & Rothbart, 2007) or, more generally, neurosensitivity of multiple
brain systems, including attention systems, and resilience to novelty (Evans & Rothbart, 2008;

Pluess, 2015a, 2015b).
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