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Abstract
Creativity is primarily a cognitive process, yet to date, no comprehensive review of the influence on
creativity of basic cognitive processes, like perception and attention, has been done. The purpose of
this article was to investigate how these mechanisms affect novelty recognition and generation to
apply this knowledge in understanding and fostering creativity. A sample of empirical research in
the last ten years, relating perceptual and attentional processes to novelty, was chosen for its
relevance. Three main points can be drawn from the present review: First, a possible underlying
mechanism affecting association learning and creativity, habit-learning, is suggested. Second,
effortless attention, a kind of attention dissimilar to focus or unfocused attention, should be
considered in future research in creativity. Finally, production of novel ideas could be achieved by
two different ways: logical association (activation and combination of ideas) or automatic

emergence (combination of parts resulting in new properties that cannot be deduced from the parts)

Keywords: perception, attention, creativity, association, emergence, habit-learning, effortless

attention
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The Influence of Perception and Attention on Creativity
"The very essence of the creative is its novelty, and hence we have no standard by which to
judge it." (Rogers, 1961)

Creativity has been defined as the capacity to generate novel and useful ideas (Horan, 2009).
The benefits of creativity have been shown in the progress of society, health, innovation and
business, learning and development and is now discussed in almost every field and human domain
(Yoruk & Runco, 2014). However, except from the early experimental work undertaken by Gestalt
psychologists like Wertheimer in 1945, creativity research was seriously neglected by psychology
(Guilford, 1950). Joy Paul Guilford in his farewell speech as president of the American
Psychological Association in 1950, is said to have begun creativity research in psychology. He
proposed to study creativity via divergent thinking. A divergent thinking (DT) task is defined as a
task where the goal is to generate multiple solutions to an open problem. The dependent variables in
these tasks are ideational fluency, flexibility and novelty (Dietrich & Kanso, 2010). DT tests are
reliable and have a good predictive validity (Yoruk & Runco, 2014). DT is not synonymous with
creative thinking but it is useful because it tells us about the cognitive processes that can result in
novel ideas and solutions (Runco, 2008). /nsight is another concept used to measure creativity. It
can be explained as a process of mental restructuring where new schemes of thought emerge
(Ohlsson, 1984). Insight problem solving can be conceived like the unconscious association process
that allows the "aha!" moment of a new discovery (Gupta, Jang, Mednick & Huber, 2012; Runco,
2014). Computational theory explain insight as a network where nodes and links change as result of
remote connections and unexpected links of representations and concepts (Schilling, 2005). Insight
is different to divergent thinking, insight leads to just one novel solution. It could be related to an
experiential, perceptual or unconscious way of associating information (Epstein, 1998).

In the last two decades, research in the performance and enhancement of creativity in
organizational settings have grown as consequence of being recognized a core competence for
personal and organizational performance (Treben, Mulej & Zumi, 2005). Also, research in
educational strategies (Peter-Szarka, 2012), experimental learning (Apiola, Lattu & Pasanen, 2012),
design-based learning (Rodriguez- Bencosme,2014) and technology (Candy & Edmonds, 2000) has
shown the interest and importance of creativity in these fields. The different domains where studies
are performed influence the factors that hinder or foster creativity. However, novelty recognition
and production, even if not sufficient, will be necessary in all types or creative domains. Novelty
recognition is crucial for adaptation and innovation in non-human animals (Kaufman, Butt,
Kaufman & Colbert-White, 2011) . Also, is implicit in creativity models like the Four C model
(Kaufman & Beghetto, 2009) that includes the idea of Mini-c: creativity inherent in the learning
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process. Therefore, the present article will focus on creativity as production and recognition of
original ideas.

The relationship that this article seeks to establish between basic cognitive mechanisms, such as
perception and attention with creativity, will be explored through the review of research that focus
on perceptual, attentional and cognitive styles. The aim is to find common underlying mechanisms
explaining the diverse constructs that have been associated in the literature with creativity.

This article has three goals: First, to provide understanding of basic cognitive processes that relate
to creativity in any domain or developmental stage. Second, to review empirical studies on
perception and attention related to construction of novel ideas. Third, to interpret critically these
studies to find meaningful relationships to offer to the artistic and scientific community a more clear
knowledge about creativity sources and how to facilitate the creative process.

Background
Componential Theories of Creativity

Research in creativity has led to many theories attempting to explain the nature and
components of the creative process. Componential theories of creativity see creativity as a process
where extrinsic and intrinsic factors interact to influence the final product. The componential theory
of individual (or small team) creativity (Amabile, 1997; Conti, Coon & Amabile, 1996) propose
three components of creative performance: (1) domain relevant knowledge and skills, (2) creativity
relevant processes, and (3) task motivation. The theory suggests creativity will be higher the higher
the level of each component (Bjorkman, 2004). Other componential models (Sternberg & Lubart,
1997; Woodman, Sawyer & Griffin, 1993; Mumford et al., 1993) also posit personal, cognitive and
environmental interactions intervening in the creative process.

Cognitive Theories and Creativity

The study of cognitive processes leading to creativity has the aim of increasing understanding
of creativity using concepts and methods from cognitive science (Finke, 1996). It assumes that
creativity occurs with the same components as other cognitive processes such as learning or
thinking processes.

Finke (1992) unfold the roots of the creative cognition approach: (1) Associationism (Thorndike,
1911; Watson 1958), conceives creativity as a generalization of learned behaviors, (2) Gestalt
psychology (Dunker, 1945; Maier, 1940; Wertheimer, 1954), in contrast to associationism,
acknowledges the creative process as something special and specific, (3) Computational
approaches, emphasizes defined operations that may lead to the same creative ideas (Colton, Badia,
& Stock, 2009).

Research on creative cognition study associative processes and focus on how ideas are generated
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and strung together. Mednick (1962), defined creative thinking as the combination of different
associations and found that original ideas tend to be remote. Common and typical ideas are
produced earlier in the creative process with original ideas being produced later. Associations of not
related or remote concepts like tree-whale, can lead to uncommon or original ideas. Eysenck (1995)
suggested that creativity increases when normal mechanisms that limit the formation of associations
are disrupted.

Studies in creative cognition have investigated diverse areas like dreams as a natural mechanism to
generate novelty (Mandler, 1995), memory and problem solving theory to explain creative thinking
(Smith, 1995) and concept formation and representation as constraints to creative idea’s generation
(Ward, 2009).

Stage models of creative cognition suggest the creative process involves several stages. Wallas
‘model (1926) proposes the following stages: (1) "Preparation", (2) "Incubation", (3) "Illumination"
and (4) "Verification". The illumination stage in Wallas” model is also known as insight. Extensive
research on creativity has focus in the last three stages. The incubation stage involves unconscious
processing of information allowing associations to form (Wallas, 1926). However, unconscious
cognitive processes, like perception and attention, can be found in all stages of the thinking process,
hence, the creative process (Finke, 1992; Bailey et al., 2007).

In summary, cognitive theories of creativity explain the creative process as a thinking process,
with senso-perception, attention, memory and imagination processes involved. However, the basic
cognitive processes have been marginally studied in relationship with creativity, possibly because
they are seen as automatic and uncontrollable.

Basic Cognitive Processes: Perception and Attention

The associative view of creativity assumes that active unconscious processes are involved in
creativity (Ritter & Dijksterhuis, 2014). However, unconscious processes related to creativity like
perception and attention have been confined to research in sleep, incubation as distraction and
mind-wandering. Basic cognitive processes are present in all stages of the thinking and creative
process, not just in the incubation period (Finke, 1992; Bailey et al., 2007). Moreover, the
incubation period might need a state of mind "allowing" unconscious perceptual and attentional
processes to work and not just a resting or forgetting state. For example, contrary to other findings
were incubation is related to enhanced creativity, Ritter, van Baaren and Dijksterhuis (2012) found
the control group (no incubation time) performed equally good that the experimental group (with a
period of incubation) in a divergent thinking task. This suggest the incubation period might be
necessary but not sufficient and may require perceiving and attending information in a certain way,

challenging the customized cognitive schemas. Schemas are a theoretical construct developed by
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Frederic Bartlett (1932). They are knowledge structures that organize information stored in long-
term memory, are quickly accessible, and are more or less flexible in their use and application.
Schemas guide us in what to perceive and attend in the world. They serve as a basis for searching
memory and reconstructing it (Neuschatz, Lampinen, Preston, Hawkins & Toglia, 2002; Barclay &
Subramaniam, 1987). Several theorists have developed the schema construct in greater detail.
Schank and Abelson (1977) developed the script construct, Rumelhart (1980) the story grammars,
and Minsky (1975) the concept of frames. However, these scripts, mind frames or schemas, if too
rigid, could be detrimental for creativity. Therefore, breaking the usual way of thinking or mind
frames, might be critical to produce novel or original ideas (Gallate, Wong, Ellwood, Chy &
Snyder, 2011)

The question is, can we learn to perceive and attend flexibly? Can we influence intentionally
these basic cognitive processes? Langer (1989) believes it is possible to control perceptual
processes. She suggests that creativity will flourish avoiding automatic behaviors and fix schemas.
However, knowledge of the underlying mechanisms affecting perception and attention and hence,
creativity, will be necessary.

Perception. Perception is the process allowing the organization, identification and
interpretation of sensory information. The perceptual process involves sensory input, where
extraction of physical characteristics of the object interact with features of the system, like
knowledge and expectancies, to influence attentional and memory processes leading to recognition
(Goldstein, 2009). According to Debner and Jacoby (1994) conscious and unconscious perception
seem to be influenced differentially by factors like dividing attention. The authors suggest
individuals are particularly susceptible to unconscious influences when in "flow", state of mind
subsequently explained. Unconscious perception is a perceptual process largely automatic (Debner
& Jacoby, 1994). Individual differences in basic perceptual processes result in distinctive
perceptual-cognitive styles, the way an individual perceives the environment and processes the
information (Messick, 1984; Konrath, Bushman & Grove, 2009).

A better ability in organizing, identifying and interpreting sensorial information is a characteristic of
individuals with higher creativity. For instance, in an experiment with 130 adults, by Winston,
Tarkas and Maher (2014) an association between creativity and different perceptual tasks
measuring selection, organization, and interpretation (three levels of perceptual processing) was
found. Higher scores in fluency, originality, flexibility, and elaboration in a divergent thinking task,
correlated with better perceptual accuracy and set-forming capacity as well as better perceptual
plasticity and set-shifting. More creative individuals switched cognitive styles depending on the aim

and instructions of the task (cognitive flexibility). Creativity improves when basic perceptual skills
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such as the selection, organization and interpretation of information are accurate. Moreover,
perceptual ability correlates positively with cognitive flexibility.

Cognitive flexibility. In personality research, one of the most important characteristics of
creative people is cognitive flexibility (Proctor & Burnett, 2004). Cognitive flexibility can be
defined as the ability to switch mental sets or schemas in response to changing relevant cues in the
environment, and to maintain a mental set when changes are irrelevant (Chevalier & Blaye, 2008).
According to the dual pathway to creativity model (Nijstad, De Dreu, Rietzschel & Baas, 2010),
cognitive flexibility and persistence are the two critical mechanisms of creative cognition. lonescu
(2011), considers cognitive flexibility a property of the cognitive system rather than a cognitive
skill.

Cognitive flexibility has been suggested as the underlying mechanism of distrust (Mayer &
Mussweiler, 2011). Distrust can be conceptualized as a cognitive tendency to perceive
inconsistencies that foster thinking about nonobvious alternatives. The process of considering
alternatives is also called counterfactual thinking, which has been shown to foster creativity
(Markman, Lindberg, Kray, & Galinsky, 2007). Mayer and Mussweiler empirical study in 2011
found a beneficial effect of distrust on creativity. The ability to perceive irregularities or
inconsistencies in the information seems to improve with cognitive flexibility.

A human lesion study to investigate the neural basis for cognitive flexibility, revealed the superior
temporal gyrus as a key area (Barbey, Colom & Grafman, 2013). This region supports insight and
recognition of novel semantic relations (Tian, Tu, Qiu, Lv, Wei, Su & Zhang, 2011). Thus, cognitive
flexibility is related to neural mechanisms involved in the integration and synthesis of conceptual
knowledge. This integration enables people to see connections previously unseen.

Cognitive flexibility seems to reflect a later stage on the thinking process when perceived
information is integrated and other variables are involved. For instance a study performed by Diaz-
Santos et al. (2015) concluded cognitive flexibility was not associated with perceptual flexibility
(ability to consider both perceptual interpretations while observing a bistable stimulus). Instead,
perceptual flexibility was associated with high novelty seeking, the tendency to explore novel and
unfamiliar stimuli and environments. Novelty seeking has been related to higher dopamine levels in
the brain (Costa, Tran, Turchi & Averbeck ,2014) and creativity (Schweizer, 2006; Kaufman et al.,
2011). The authors suggest that at least some of the same structures associated with novelty seeking
(e.g., caudate, medial and lateral orbitofrontal cortex, amygdala, and substantia nigra/ventral
tegmental area) are also important for perceptual flexibility (Diaz-Santos et al., 2015). Novelty
seeking is a component of the novelty generation process, therefore essential for creativity

(Schweizer, 2006), and can be related to another personal characteristic, need for closure (NFC).
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Need for closure. NFC is defined as a need to reduce the feeling of discomfort when
confronted with cognitive uncertainty. Individuals high in NFC have a rigid processing style, use
more simplified, effortless and heuristic processing. They display a low level of novelty seeking
(Davidson & Laroche, 2014). In contrast, individuals low in NFC use a systematic processing style,
based in an elaboration of information (Webster & Kruglanski, 1994). NFC can be considered an
individual difference in cognitive style and has been shown to correlate with age. Older people, in
comparison with younger individuals, show higher scores in NFC and recall more congruent than
incongruent or irrelevant information (Kossowska, Jasko, Bar-Tal & Marta Szastok, 2012). High
NFC correlate negatively with creativity. For instance, in an experiment designed by Chirumbolo,
Livi, Mannetti, Pierro and Kruglanski (2004), the percentage of creative acts, in small group
interactions, was reduced under time pressure and in high versus low NFC groups.

The previous studies suggest creativity processes can be facilitated by perceptual flexibility,
which in turn, facilitates novelty seeking. However, which is the underlying mechanism of
perceptual flexibility?

Field independent perception. Individual differences in perception are also examined in an
experimental study by Tsakanikos (2005) where field independent perception is related to ability for
associative learning. Field independent perception (FI) is a theoretical construct defined as the
extent to which the person perceives part of a field as discrete from the surrounding field as a
whole, rather than embedded in the field. The opposite is called field dependent. It has also been
described as a moderator variable involved in separating noise from perceptual signals (Evans,
Richardson & Waring, 2013). FI has been show to relate to better performance in, among others,
problem-posing and problem-solving, searching and information seeking and organization,
manipulation, and restructuring of visual images (Evans et al., 2013). The results of the experiment
by Tsakanikos (2005), showed individuals with FI perceptual style perform better on an associative
learning task than subjects with field dependent perception. The finding suggests associative
learning (the capacity to meaningful integrate different stimulus) improves with a field independent
perception. Associative learning seems to be crucial for creativity, therefore, if associative learning
is enhanced with FI perception, creativity might also improve.

The above studies point to a common underlying perceptual mechanism affecting the ability to
perceive irregularities. The perception of irregularities could be impaired if regularities cannot be
perceived and learned in an efficient and automatic way (habit-learning).

Habit-Learning. Habit-learning is the learning of associations between stimuli and response
(Hull, 1946 cited by Gasbarri, Pompili, Packard & Tomaz, 2014). Recognition of patterns is

essential to establish the familiarity and manifest habituation (Cooke, Komorowski, Kaplan,
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Gavornik & Bear, 2015). Habituation is performed almost automatically and non-consciously,
allowing organisms to focus on novel information (Gasbarri et al., 2014).

Animal lesion studies and human research has reported that lesions in areas related to habit-learning
prevents association learning (Thomas, 1996; Bailey et al., 2007). For instance, Mitchell and Hall
(2014) investigated the underlying mechanisms by which exposure to similar stimuli can increase
their discrimination (perceptual learning). They found that initial detection of unique features
appears to depend on the process of habituation.

Extensive literature and research explain habit-learning as automatic or overlearned behavior
entirely organized in subcortical structures (Fuster, 2001). Contrarily, Ashby, Ennis and Spiering
(2007) argue that novel behaviors are mediated by subcortical structures like the basal ganglia, and
passed to the cortex once automaticity is attained. In this model, the subcortical path learns slowly
and has greater neural plasticity via a dopamine-mediated learning signal from the substantia nigra
whereas the cortical-cortical path respond automatically (Ashby et al., 2007). The findings suggest
that habit-learning is a flexible and adaptive subcortical system influencing novel behaviors and
higher cognitive processes, like creativity.

A deficient ability to automatize the perception of regularities (habit-learning) could impact
recognition of novelty. For example, de Manzano et al. (2013) investigated the relationship between
flow and dopamine receptor levels in the mesolimbic system. Flow is a theoretical construct
introduced by Csikszentmihalyi (1975) defined as a mental state of total involvement in which
accurate actions develop unconsciously. Mac Donald, Byrne and Carlton (2006), in an empirical
investigation with university students, reported that higher levels of flow are related to higher levels
of creativity, in a musical composition task. The study by de Manzano et al. (2013) found that flow
proneness is more dependent on the nigrostriatal than mesolimbic dopamine system. Thus, flow,
was not specifically related to the reward and intrinsic motivation system, as they expected.
However, the nigrostriata path is important in the acquisition of habit, as suggested in the study by
Faure, Haberland, Conde and El Massioui (2005). The study report that a depletion of dopamine in
the nigrostriatal system was associated with motor and cognitive deficits, more precisely, procedural
learning deficits. This signifies automatic or procedural mechanisms like habit-learning, could be
necessary for the experience of flow. Flow is not synonymous with creativity, but individuals that
experiment flow, have been shown to produce more original pieces (Mac Donald et al., 2006).

Individual differences. Reedijk, Bolders and Homme's empirical study in 2013, showed that
binaural beats, an auditory illusion considered to organize or synchronize brain activity, affect
divergent thinking in people differently. Individuals with low dopamine levels in the striatum

benefitted from alpha binaural beat stimulation while individuals with high dopamine levels were
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unaffected or even impaired. This suggests that binaural beats, and possibly other stimuli
influencing perceptual processes, might affect individuals in a different way. Individual differences
should be considered when applying cognitive enhancement methods.

Numerous studies have shown perception can be improved by training (Blanch-Hartigan,
Andrzejewski & Hill ,2012). For example, aged drivers have been trained to perceive hazards
(Horswill et al., 2015) and impaired listeners have improved with training in speech perception
(Woods et al., 2015). Therefore, if perceptual processing skills are improved, creativity could be
enhanced. However, care should be taken in training perception as individual differences in
cognitive perceptual processes and styles have been shown to influence creativity.

Attention. Attention is defined as the crucial cognitive ability to attend relevant and ignore
irrelevant information from the physical environment and mental representations (Stormer, Passow,
Biesenack & Li, 2012). Three attentional networks have been described, alerting, orienting and
executive, which handle incoming stimuli, make decisions, and produce outputs (Petersen &
Posner, 2012). The integrative framework of attention and memory postulates that contents of
working memory are representations from long-term memory (or perceptions) that are temporarily
in the focus of attention (Cowan, 2011). Attention is generally related to conscious awareness.
However, recent evidence suggest that "in addition to regulating what we perceive, attention seems
to influence our behavior through sensorimotor processes that are not involved in conscious
awareness" (Sumner, Tsai, Yu & Nachev, 20006, p. 2).

The literature about the role of attention on creativity is varied and sometimes contradictory. This
might be because the definition of creativity as novel and appropriate at the same time entails the
engagement of classically opposite attentional processes. The production of original ideas would be
facilitated by defocused attention, disinhibition and looser associations, whereas the production of
appropriate ideas would require focused attention and effective inhibition (Zabelina & Robinson,
2010). On the other hand, maybe the classical definition of attention as the allocation of focus and
control applying mental effort, is too limited. The concept of effortless attention will be introduced
as a fundamental element to unravel the contradictory results.

Effortless attention. Effortless attention describes a state of mind where the individual keeps a
high level of attention on a task simultaneously perceiving it as effortless, allowing a high
performance on the task (Bruya, 2014). Effortless attention can also be characterized by "being in
the flow" (Csikszentmihalyi, 1990). It reflects the capacity to have a distributed or unfocused
attention, recognize novel stimuli and integrate the new information if relevant. To do this
effectively, will be necessary to perceive and attend irregularities without them interfering with the

task.
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Most research relates creativity to better attentional capacities. The study by Edl, Benedek,
Papousek, Weiss and Fink (2014), in line with previous studies, conclude that more creative
individuals show better inhibition of irrelevant stimulus in the Stroop task (interference effect) than
less creative subjects. The capacity to inhibit irrelevant stimulus has been shown crucial for
attention. It is possible that creative thinking needs a balance between focused and defocused
attention and creative individuals are more able to adjust the attentional focus according to demands
of the task (Martindale, 1999). Alternatively, more creative individuals might better inhibit
irrelevant stimulus because they perceive and attend information with effortless attention, allowing
them to recognize and adapt faster to incongruent information.

For instance, better attention scores in more creative children (7 to 13 years old) compared to less
creative was found in the study by Memmert (2010). Here, an inattentional blindness task, where a
stimulus out of the focus of attention is introduced, was used. The stimulus was perceived by
subjects scoring higher on a DT task, however, the perception of the stimulus did not interfere with
the task. The results suggest that irrelevant information can be perceived without interfering with
the task on hand, on more creative individuals. The study revealed that the interference effect was
stronger in younger children (7 years old), suggesting developmental differences in attentional skills
can affect creativity. Thus, training in creativity should be adapted to the developmental stage of the
individual. These findings are in line with the idea that focused and unfocused attention are not
enough to explain attentional states fostering creativity. Other constructs, like effortless attention,
might be necessary.

Conflicting use of concepts. A problem in creativity research is that same concepts are used
with different meanings depending on the field of study. For instance, a study by de Dreu et al.
(2012), report creativity is enhanced by working memory and link working memory with the
"persistence pathway" where individuals engage in focused attention, control and persistence. In
contrast, they link "the flexibility pathway" with distributed or unfocused attention. The study
concludes "the flexibility pathway" hinders creativity. Obviously, the concept of effortless attention
1s not contemplated here. Also, focused or unfocused attentional strategies are independent of the
motivation to persist, and as previously mentioned, cognitive flexibility might be related to
effortless attention and not to the capacity to switch between focused or unfocused attention . The
study define "flexibility pathway" as a strategy with lower cognitive control, automatic activation,
mind wandering and distractibility and assume this pathway is not dependent on working memory.
Cognitive flexibility cannot be confused with "flexibility pathway" and the automatic processes
they mention, are mandatory and not optional in cognitive processes. Automated processes are

precisely those that facilitate faster and more flexible processes allowing higher cognitive
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performance (Bruya, 2014). Finally, they conclude individuals with higher working memory
capacity score higher in an insight task. However, they interpret working memory as associated
with control, focus and persistence ("the persistence pathway"), therefore, they deduce more focus
and control lead to more creativity.

In another study by de Manzano (2010), the concepts of focused and unfocused attention are also
explored. In this study, the author found that a continuous focus in the task is required to enter and
maintain a state of flow. De Manzano describe flow as a psychological state of high but effortless
attention. Thus, attention can be high but effortless. However, in the study by de Dreu et al. (2012),
attention is defined like effortful control. It could be concluded that the results of both studies are
contradictory, however, the conflicting use of definitions and concepts makes it impossible to
compare.

The preceding studies highlight the importance of consensual understanding of perceptual and
attentional processes for the study of higher cognition like creativity.

Attentional flexibility and Habit-Learning. Overall, attentional flexibility seems to be the
differential characteristic between more or less creative individuals. For example, defocused
attention in contrast to focused attention, has been long linked with more creative individuals.
However, Vartanian (2009) in a series of experiments, found that subjects scoring higher in a
divergent thinking task showed neither focused nor unfocused attention but attentional flexibility.
Hence, more creative people used defocused attention when the task was ill defined and high in
ambiguity but they showed focused attention in well defined and low-ambiguity tasks. The author’s
interpretation of the results is that creativity benefit switching between attentional strategies
depending on the task. However, the results could be explained by effortless attention or attentional
flexibility.

But, what is the underlying mechanism allowing or restricting attentional flexibility?
Habit-learning, the capacity of the organism to learn regularities and recognize novelty, has
potential to be the answer.

Sensory gating. Sensory gating, in the context of attentional processes, is a largely automatic
neurological process related physiologically to the thalamus. Sensory gating play a major role in
attention, filtering out redundant or irrelevant stimuli from the environment (Freedman et al., 1987).
P50 is an attentional component related to sensory gating that shows individual differences. It is
measured with an event related potential occurring 50 ms after presentation of a stimulus (P50
ERP). Thus, after repetition of same stimulus, healthy individuals show a reduced amplitude of P50,
called selective sensory gating (Yadon, Kisley & Davalos, 2015), suggesting they have learned it

(habit-learning) and recognize the stimulus. P50 suppression deficits, "leaky" sensory gating, has
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been related to pathologies like Alzheimers, schizophrenia, panic attacks, post traumatic stress
disorder, and migraine among others (Yadon et al.,2015).

A study by Zabelina, O Leary, Pornpattananangkul and Nusslock (2015) investigated
correlations between two types of creativity, self - reported real world creative achievement and
divergent thinking, with the P50 ERP. They found creativity, measured with a DT task, was
associated with selective sensory gating. On the contrary, real world creative achievement,
measured with a self - report questionnaire, was associated with "leaky" sensory gating. They
conclude DT and real-world creativity might require selective against "leaky" attentional processes
respectively. However, self - reported creativity, measured in participants with mean age 20, and
low scores in a mean score of 10 scales (ranging from dance and visual arts to cooking and
architecture) does not show to discriminate between more or less creative individuals. Individuals
with higher scores in creativity had better academic records, which suggest that higher scores in
real world creative achievement could be due to a compensation and reinforcement of extra-
academic activities. The interesting finding is that higher scores in originality in the DT task was
associated with selective gating (P50 amplitude reduction over time), suggesting creativity
improves with better habit-learning capacity. Zabelina et al. (2015) study, further suggest leaky
attention may enhance creativity by broadening the range of unfiltered stimuli available in
consciousness. However, it is unlikely that the creative process is best developed under these
circumstances, because working memory capacity is limited. If incoming information is not learned
and stored in the procedural memory (habit-learning), recognition of new stimuli will be prevented
due to cognitive overload, leading to worse attentional control and flexibility (Lin & Yeh, 2014).

Orienting sensitivity. Better recognition and integration of novel stimulus in more creative
subjects is also reported in a study by Wei-Lun, Kung-Yu, Hsueh-Chih and Wan-yun Chang (2012).
A significant positive correlation was found between insight problem solution and orienting
sensitivity but not with effortful control, measured with a divergent thinking task.

Orienting sensitivity is an attentional construct related to cognitive flexibility (Wei-Lung et al.,
2013). Cognitive flexibility has been shown important in solving insight problems (Mednick, 1962;
Feist,1988). According to Evans and Rothbart (2007) orienting sensitivity comprises three
constructs: (1) General-perceptual sensitivity, the capacity to attend to low intensity external and
internal stimuli; (2) Affective-perceptual sensitivity, the awareness of personal emotions associated
with low-intensity stimuli on the environment; and (3) Associative sensitivity, automatic cognitive
activity resulting in frequent and remote associations between perceptions, emotions and the
environment.

The finding suggests insight improve with the ability to attend to, and associate, close and remote
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sensorial and emotional information. Nevertheless, the integration of a large amount of complex
information is difficult because the working memory is very limited (Cowan, 2011). The integration
of complex information might be facilitated by the ability to learn the regularities and store the
information in the procedural memory (habit-learning), thus helping the recognition of novelty.
Discussion

The theories on creative thinking are multiple and varied. The basic cognitive processes
perception and attention are intimately connected with creativity. They are universal and operate
independently of the domain or aim to which it applies. Extensive research on individual
differences in cognitive processes has been performed, but the study of universal basic processes
has been neglected since assumed that these processes are automated, unconscious and therefore out
of intentional control. The present article reviewed recent empirical research on perception and
attention to better understand the underlying mechanisms implied in the production of novel
thought and behavior.
Limitations of research in creativity

Research in creativity is varied and contradictory, this might be due to the fact that the different
domains where studies are performed, influence the factors that hinder or foster creativity. The
conclusions in one domain cannot be directly transferred to another. Also, most used measures of
creativity, divergent thinking and insight, seem to gauge different processes or ways of creation. In
addition, multiple intrinsic and extrinsic components interact in the creative process making it
difficult to trace the causes. The generation of novel ideas cannot be fully explained by cognitive
linear association’s theory (Henle, 1975). Non-linear theories, like complex system’s theory, are not
contemplated in current research on creativity. The conclusions drawn from experiments with linear
cause-effect relationships should be taken with caution. Unconscious cognitive processes are seen
as uncontrollable and therefore are often neglected in creativity research, however, the creative
process cannot be explained without them.
Main Findings

Three main points can be drawn from the present review:
First, a possible underlying mechanism affecting associative learning and creativity, habit-learning,
is suggested. Second, effortless attention, dissimilar to focused or unfocused attention, should be
considered in future research on creativity. Finally, another important point drawn from the review
1s that production of novel ideas might be achieved by two different ways: logical association
(activation and combination of ideas) or emergence (unpredictable properties arising from a
system).

1. Habit-learning. Better perceptual capacity has been related to more creative individuals
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(Winston et al., 2014). Different personality and cognitive styles like NFC (Davidson & Laroche,
2014), cognitive flexibility (Barbey et al., 2013), counter-factual thinking (Markman et al., 2007),
flow (Manzano et al., 2012) and FI perception (Tsakanikos, 2005) have been shown to influence the
creative process.

Cognitive flexibility has been linked to creativity and activity in the STG (superior temporal gyrus)
area of the brain (Barbey et al., 2013). The STG is known to support insight processes, the
recognition of relevant and/or novel ideas when integrating information (Tian et al., 2011). The
recognition of novelty will require a prior perception of relevant material separated from its context,
called FI perception (Evans et al., 2013). "FI perception is especially important in the management
and interpretation of complex cognitive tasks" (Evans et al., 2013, p. 210). The ability to perceive
irregularities in a pattern (FI) can be seen as the result of the three stages of the perceptual process:
selection, organization and interpretation (Levine & Shefner, 2006).

The implicit and automatic associative learning mechanism of habit-learning, facilitate recognition
of irregularities or novelty. Creativity processes rely in the ability to recognize novelty (Kaufman et
al., 2011), so it appears, habit-learning might be important for the creative process.

The production of novel behavior and thoughts are part of the cognitive processes based on the
system's ability to learn and adapt to changing external and internal circumstances (Bailey,
McDaniel & Thomas, 2007). Therefore, learning ability will be crucial for the production of novel
acts and objects. Thomas (1996) proposed a hierarchy of learning and cognitive abilities evident in
animals, including humans: Level 1. Habituation, Level 2-3. Classical and instrumental
conditioning, Level 4-5. Chaining and discrimination, and Level 5-8. Classifications. Generally,
lower levels will be prerequisite for higher levels. The level 1, habituation, defined as a progressive
reduction in the strength of the response due to the repeated presentation of a stimulus, is primary to
the development of higher levels, thus creativity. Perceptual and attentional processes are directly
linked to habituation (Bailey et al., 2007).

Animal models are useful to investigate cognitive underlying mechanisms. Creativity research
in animals show processes of recognition and motivation to novelty, observational learning and
innovation as basic mechanisms for creative behavior. In a recent study Kolodny, Edelman and
Lotem (2015) found animal creativity can be understood as the production of context-appropriate
novel behavioral sequences, facilitated by the ability to learn the regularities in the environment
(Kolodny et al., 2015). Habit-learning has been shown essential for association learning also in
humans (Thomas, 1996; Bailey et al., 2007). Habit-learning implies the capacity to learn
regularities, leading to habituation. Habituation has been suggested as the underlying mechanism

facilitating perceptual learning (Mitchell & Hall, 2014). Perceptual learning " refers to the changes
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that take place within sensory and perceptual systems as a result of practice performing a perceptual
task" (Goldstein, 2009, p. 781). The information learned by habit-learning is encoded in the
procedural memory system. This information does not interfere with new stimuli and elaboration of
information in the working memory, allowing integration of complex information.

Habit-learning has been shown to be supported by the nigrostriata dopaminergic path in the
brain (Faure et al., 2005). The nigrostriata area has been related to the experience of flow (de
Manzano et al., 2013). Individual differences exist in this dopaminergic system. Stimulation of
synchronization of brain activity trough binaural beats, has been reported to affect differentially
individuals with higher or lower levels of dopamine in the nigrostriata system (Reedijk et al., 2013).
Research shows dopamine signal in the nigrostriatum affect habit-learning (E1 Massioui, 2005). The
findings suggest more care should be taking in the propagation of general enhancing creativity
methods or "creativity kits" as bio-psychological individual differences can affect the results.

Automatic or procedural mechanisms are also involved in attentional processes like orienting
sensitivity and sensory gating, that affect creative processes (Wei-Lung et al., 2013; Yadon et
al.,2015). Individuals with better orienting sensitivity show an ability to integrate complex
information that could be facilitated by habit-learning. Selective gating, the capacity to learn
regularities and not to attend consciously to repetitive stimuli, has been reported to be associated
with higher scores in originality (Zabelina et al., 2015). The findings are in line with the hypothesis
that habit-learning mechanisms facilitate the learning of regularities, transferring information to the
automatic procedural system (Gasbarri at al., 2014). The release of the limited conscious working
memory allows for integration of information stored in the procedural memory system and
recognition of novelty. Individual differences in the capacity to learn regularities or patterns (habit-
learning) have been reported in experimental studies (Zabelina et al., 2015; Yadon et al.,2015). The
forming of original ideas by connection of remote associations, will be more influenced by the
capacity of the working memory than for habit-learning mechanisms.

2. Effortless attention. Research on attention and creativity, suggest higher level of creativity
1s associated with better attention and inhibition processes (EdI et al., 2014). But, the definition of
attention in dichotomous terms, focused against defocused attention, can miss essential components
and lead to misleading conclusions. Effortless attention embody a nor focused or unfocused
attention, where the individual keeps a high level of focus simultaneously perceiving the task as
effortless (Bruya, 2014).

Research shows creativity is related to the capacity to adapt to demands of the task and explain it as
an ability to switch between focused or unfocused attention. However, it is possible to perceive

irrelevant stimuli (unfocused attention) without interfering with the task (focused attention)
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(Memmert, 2010; Vartanian, 2009; Manzano et al., 2012). Effortless attention explain the results as
the possibility to perceive irrelevant or peripheral stimuli in the background without interfering with
the task. This attentional state might be facilitated by habit-learning mechanisms transferring the
information to the procedural system.

In summary, as important and adaptive for an organism is to detect sudden changes in the
environment as to filter out task irrelevant stimuli for better performance. The cost of keeping a
"balance" could be distraction (Parmentier, 2014). Behavioral deviance distraction is often seen as a
burden for a good performance in a task, but distraction is an ability of the cognitive system to work
with complex and extensive information. Evidence shows distraction decrease with memory load
and complex instructions, suggesting that the cognitive system prioritizes maintaining the load over
directing attention to unexpected stimuli (Parmentier, 2014). If the working memory is "clear" the
system allows distraction. Here, distraction is a state of mind where information stored in
procedural memory and new information entering the system have the potential to integrate, maybe
through effortless attention.

3. Association - emergence. Associative cognitive theories on creativity state the creative
process implies association of ideas that are remote and need to be activated (Mednick,1962;
Eynseck, 1995), but activation of remote ideas is not sufficient for creativity (Henle, 1975). The
production of novel ideas could be achieved through different paths. For instance, the theory of dual
information processing systems posit individuals process information in two ways, experiential and
rational (Epstein, 1998). The rational-cognitive system process information in a conscious, logical
and conceptual way whereas the experiential system process information in a faster, automatic and
perceptual way (Pashko, 2014). The complex system theory concept of emergence (new patterns
and ideas arise out of simple interactions, Lozi, 2011), explain the production of novel ideas
according to the automatic processing of information, whereas the logical assosiation concept of
associationism, explain novelty with the rational, conscious way.

Emergence is described by Mihata (1997) as "the process by which patterns or global-level
structures arise from interactive local-level processes. This structure or pattern cannot be
understood or predicted from the behaviour or properties of the component units alone" (p. 31) .
Emergence is an unconscious, procedural mechanism of self-organizing systems that integrate
information "allowing", whereas logical association is a conscious integrative process, "making". It
1s possible that novelty can be achieved in both ways, associating ideas (making) or by emergence
(allowing). A "pure creation" would happen by emergence, without a clear image of the final
product. Allowing the content stored in the unconscious procedural memory to interact and integrate

with the conscious content. Flow, could be a state of mind enabling this non-conscious interaction.
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The "incubation" period in Wallas ‘'model and the insight measure of creativity, might be related to
the emergence mechanism.
General Conclusion and Future recommendations

Individual differences in working memory capacity result in more or less complex associations
and thus creativity. However, working memory is limited in all individuals (Lin & Yeh, 2014).
Under high memory load and complexity, automatic procedural proprieties of the system like
emergence, might facilitate the thinking and creative process. Perceptual flexibility and effortless
attention are constructs related to a "state of allowing" automatic processes to work in the
background, in contrast to a "state of making it happen" related to logical association. These
automatic processes would enable the cognitive system to work with larger and more complex
information that the conscious working memory can support, therefore, improving the thinking and
creative process. Whether the mechanism responsible for ensuring perceptual flexibility and
effortless attention is habit-learning, constitute an interesting question that will require a further
investigation.

While we know about several cognitive factors that influence the occurrence of creative
behaviors, more research is needed addressing the importance of automatic procedural processes.
The possibility of a wider spectrum of perceptual and attentional states and the study of creativity as
a non-linear process should be also assessed in the future. For instance, research on how habit-
learning facilitates the recognition of novelty and how it can foster creative processes. Also, the
investigation of positive correlations between perceptual flexibility, selective gating and effortless
attention with creativity, should be further studied. Future work should investigate if habit-learning
is related to dopamine in the nigrostriata brain area and recognition of novelty.

Additionally, future studies could investigate if individuals with different perceptual and cognitive
styles need different stimulus to enhance creative processes. Finally, as unconscious perceptual and
attentional processes can be influenced by training and/or priming of the conscious processes (Ritter
at al., 2014), future experiments could investigate how training can affect results in creativity.

Taken together, there remain many exciting possibilities in the area of creativity for future work.
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