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Editorial on the Research Topic

Creativity: Education and Rehabilitation

Creativity is a multifaceted phenomenon which entails generation of new ideas to solve problems
and produce innovation. It is also conceived as a means to improve the quality of life, and promote
general health in both normal and clinical populations. This has progressively lead the scientific
community to investigate creativity, and its inherent components (e.g., divergent thinking), in
terms of cognitive processes (Palmiero et al., 2016a,b; Zedelius and Schooler, 2016) and age-related
changes (Palmiero, 2015; Palmiero et al., 2017) to support educational success (Plucker et al., 2004),
active aging (Palmiero et al., 2016c), and rehabilitation (Palmiero et al., 2012).

Although creativity represents a window for expressing the self and enhancing well-being,
several issues remain to be investigated to clarify the extent to which idea generation and/or art
expression can be used for educational and rehabilitation purposes. This Frontiers in Cognition
Research Topic was explicitly devoted to shed light to some extent on these issues. Ten novel
publications were collected: 7 Original Research Articles, 1 Brief Research Report Article, and
2 Reviews.

Regarding the role of creativity in educational settings, an enriching program for gifted
children (6 to 10-years old) in the areas of language and science showed positive effects only on
intelligence operating in well-defined problem space (Welter et al.). In this vein, in children and
adolescents, drama pedagogy training was related to divergent thinking and problem-solving if
based on storytelling, pretend-play and playfulness, and to risk or perspective taking if based on
improvisation and role-play (Celume et al.). Interestingly, multiple sessions of improvisational
theater improved both teenagers’ flexibility and originality of verbal divergent thinking (Hainselin
et al.). These studies showed the potential of creativity in educational settings in a wide range
of domains, suggesting the need to operate in different types of problem space. Other studies
highlighted the key role of mediating factors. Children (6 to 10-years old) practicing dances
showed higher ability in representing the topological map of the body, which mediated their
divergent thinking ability in motor domain (Palmiero et al.). Adolescents’ (16 to 19-years old)
cognitive self-regulation mediated the relationships between mind wondering and verbal divergent
thinking (Preiss et al.). In people aged 12–88 years, gender, age, and composite intelligence quotient
predicted creative achievement, whereas interpersonal emotional competence predicted creative
style (Nori et al.).

Regarding the role of creativity in rehabilitation settings, spatial distortions in patients’ drawings
after right brain damage (unilateral spatial neglect, hyperschematia, constructional apraxia) was

5
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related to the space representation in art (Rode et al.). This
means that the understanding of the pathological mechanisms
underlying these disorders provides not only an opportunity
to clarify visual art, but also gives the possibility to use visual
artistic creativity to improve the spatial distortions after brain
damages. Moreover, verbal divergent thinking, which positively
correlated to the integration of the default mode network and
cerebellum, was suggested for treating depression (Feng et al.),
which is characterized by a reduced functional connectivity
between the cerebellum and the default mode network (Liu
et al., 2012). Yet, creativity was associated with the rehabilitation
of schizophrenia: high schizotypal individuals exhibited higher
over-inclusive thinking and cognitive inhibition, which partially
mediated the relationship between schizotypy and creativity
(Wang et al.). Finally, the relationships between different proxies
of cognitive reserve and verbal divergent thinking were also
showed, in light of the creative jobs rather than of the job
complexity (Colombo et al.), confirming that creativity, and its
components, might be aimed at fostering active aging.

In summary, from the knowledge we acquired by the studies
collected in this Research Topic, it is possible to underline that
creativity represents a flexible tool for enhancing cognition and

promoting well-being during the lifespan. Much work is still
necessary, of course, but there is no doubt that the application
of creativity in education and rehabilitation settings represents
a new research frontier. Moving forward, the challenge will be
to understand the interrelations between creativity, cognitive,
extra-cognitive, and personality factors in order to foster efficient
educational and rehabilitation programs. Importantly, given that
creativity involves different sub-components, such as divergent
and convergent thinking, it would be interesting to investigate
these components more systematically in future studies. Then,
it might be useful to also consider the efficacy of creativity in
educational and rehabilitation settings in relation to different
domains of knowledge (e.g., visual, auditory, motor, etc.).

In conclusion, the variety of approaches and insights gained
certainly offer a new and encouraging window to continue to
work in this fascinating field.
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Dance represents an opportunity to promote not only motor skills but also other cognitive 
functions and general well-being. In this study, 58 children aged 6–10 years were enrolled 
in order to test the issue if dance improves divergent thinking in motor and visual domains 
(domain-general and domain-specificity hypotheses), and whether the topological map 
of the body mediates their performance at the motor task (mediation hypothesis). Therefore, 
33 children practicing dance were compared with a control group (25 children). Children 
were administered the visual divergent thinking task of the Torrance Test of Creative 
Thinking, consisting in making drawings starting from given shapes, and the motor-form 
divergent thinking task, opportunely developed consisting in producing acted motor forms 
in the extrapersonal space. Both tasks were presented for 10 min and were scored in 
terms of fluency, flexibility, and originality. The ability to form the topological map of the 
body was measured by the frontal body-evocation test. Results revealed that children 
practicing dance outperformed the control group only in terms of the ability to perform 
motor forms. In addition, dancers showed a better topological map of the body, and, 
most importantly, besides the direct effect of group on the ability to produce acted motor 
forms, a significant indirect effect of the group, mediated by performances on frontal 
body-evocation task, was found. These results have important implications for cognition, 
showing that dance can improve the topological map of the body that in turn enhances 
creativity in motor domain since the early developmental age.

Keywords: dance, divergent thinking, creativity, visual, motor, verbal, education, expertise

INTRODUCTION

Positive effects of physical activities on different cognitive aspects have been widely documented 
over the years. For example, agonistic athletes are faster at mentally rotating objects (Ozel 
et  al., 2002), whereas individuals who performed orienteering and geocaching improved their 
visuospatial skills (Barnikel et  al., 2014; Ellbrunner et  al., 2014; Schmidt et  al., 2016). Physical 
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activity produces benefits also on child development (e.g., 
Iivonen et al., 2013; Zeng et al., 2017), increasing the possibilities 
of learning at school (Singh et  al., 2012; Hillman and Biggan, 
2017). In particular, dance promotes motor development and 
communicative skills in children (Pavlidou et  al., 2018).

A growing number of studies has also demonstrated that 
dance improves kinetic consciousness and by consequence 
motor creativity and self-expression (Kalliopuska, 1989; 
Castañer et al., 2012; see for a review, Pavlik and Nordin-
Bates, 2016), regardless of age. Indeed, the use of motor 
imagery to create new movements enhances creativity in 
dancers of all ages (Purcell, 1990; Sacha and Russ, 2006; 
Couillandre et al., 2008). However, the extent to which dance 
can improve creativity and divergent thinking in other domains 
has to be still clarified. Specifically, divergent thinking measures 
the creative potential, reflecting the ability to find many 
different solutions to the same open-ended problem (Guilford, 
1950, 1967; Guilford et  al., 1978). For instance, the Alternate 
Uses Test (Guilford et  al., 1978) requires one to think of 
different uses for a common object (e.g., a brick can be  used 
as a weapon) and is scored in terms of fluency (responses 
provided in a given time), flexibility (categorical shifts in 
responses), originality (the extent to which responses are 
infrequent), and elaboration (details provided along with the 
responses). Basing on Guilford’ seminal work, different 
divergent thinking tests were developed, in visual and verbal 
forms (e.g., Torrance, 1987), as well as in motor forms (e.g., 
Wyrick, 1968; Castañer et  al., 2009; Scibinetti et  al., 2011; 
Moraru et  al., 2016), which are based on the production of 
as many actions as possible (e.g., stepping, skipping).

Well, on the one hand, modern/contemporary dancers, who 
basically freely improvise on stage, were found to exhibit high 
levels of divergent thinking in verbal and figural domains, 
followed by jazz/musical and then by ballet dancers (Fink and 
Woschnjak, 2011). In addition, professional ballet/modern 
dancers were found to produce higher ideational fluency than 
novices in verbal divergent thinking as measured by the 
alternative uses task (Fink et  al., 2009). These results suggest 
that differences in divergent thinking depend on the type of 
dance practiced. Dance improvisation seems to enhance the 
creative potential more than classical dance. Even in 
non-professional dancers, short periods of dance improvisation 
(5 min) increased emotional well-being, which in turn produced 
higher fluency of verbal divergent thinking (Campion and 
Letiva, 2014). On the other hand, investigating the relation 
between creative ability in choreographic dancers and selected 
attributes of verbal and visual divergent thinking, Brennan 
(1982) found that measures of verbal and visual divergent 
thinking were not related to the measures of creative dance, 
suggesting that originality and flexibility of movements represent 
distinct divergent production abilities. Stinson (1993) also 
showed that students in Chinese dance education produced 
significantly lower scores in fluency, flexibility, and originality 
of visual and verbal divergent thinking than a non-dancing 
control group.

Although these results are contradictory, dance—as a form 
of art—undoubtedly involves creativity and divergent thinking, 

specifically in the motor domain (Alter, 1999). In this vein, 
several studies suggested that creativity (e.g., Plucker and Beghetto, 
2004; Kaufman and Baer, 2005; Silva et  al., 2009; Palmiero 
et  al., 2015; Palmiero et  al., 2016b) and divergent thinking 
(Palmiero et  al., 2010; Boccia et  al., 2015) are domain-specific. 
Palmiero et  al. (2010) found that divergent thinking in verbal 
domain is mostly domain-specific, but can also be  affected by 
general processes that underpin visual skills, such as vividness 
of visual mental imagery, whereas divergent thinking in visual 
domain is exclusively domain- and task-specific. However, 
elsewhere, the view that divergent thinking presumably fosters 
creativity across domains is supported (Silvia, 2008a,b).

On the other hand, several studies demonstrate that practicing 
a sport produces changes not only in cognitive and motor 
skills, but also on body awareness. For example, Fonseca et al. 
(2014) demonstrated that when 15 ballroom dancing beginners 
received a 1-week training per 3  months, they subsequently 
produced an increase of body awareness with respect to 15 
controls matched for age who received no training in dance 
but only theoretical lessons about body perception. These 
results are in line with Damasio (2010), who suggests that 
movements allow to build up new cortical maps, increasing 
the repertoire of new possible motor responses. More specifically, 
the topological map of the body is a dynamic mental 
representation relevant for action and integration with the 
environment (Paillard, 1980) coming from tactile, proprioceptive, 
and kinesthetic information, as well as from environmental 
stimuli (Schwoebel and Coslett, 2005; Cardinali et  al., 2009; 
Vignemont, 2010). Thus, dancing improves body awareness 
(e.g., Fonseca et al., 2012, 2014) on the basis of the movements 
of the body parts, activating the proprioceptive receptors and 
postural sensitivity, and informing the brain about the position 
of the trunk and segments (Thurm et  al., 2011). Creative 
dance movement seems to increase also satisfaction with body 
appearance, fitness, and body parts, especially in experienced 
groups of dancers (Lewis and Scannell, 1995).

With this in mind, in the present study, we aimed at clarifying 
the extent to which dance can improve motor and visual divergent 
thinking in child development, and if the topological map of 
the body mediates motor divergent thinking in dancer children. 
We enrolled children 6–10  years old because as stated in 
developmental literature, childhood involves significant physical 
and cognitive changes including: body changes (i.e., weight; 
height; muscular tone and mass), motor activity (motor 
coordination and goal finalized actions) and logical processing 
of reasoning (Piaget, 1952). According to Piagetian developmental 
theory, children start to reason in terms of theories and abstractions, 
as well as concrete realities. They are capable of creating logical 
structures that explain their physical experiences. Not least at 
this developmental stage corresponds the beginning of the formal 
education, and different studies demonstrated that at this age, 
motor activity, including dance, has positive effects on learning 
(Singh et  al., 2012; Hillman and Biggan, 2017).

According to Whitehead (2010), “physical literacy” is an 
opportunity to generate significant benefits for both specific- 
and cross-domain learning. Here, we  compared children with 
and without dance experience in visual and motor divergent 
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thinking. Visual divergent thinking was measured by the 
completion of drawing task included in the battery of Torrance 
Test of Creative Thinking (Torrance, 1987). With respect to 
motor divergence, a motor task aimed at measuring the ability 
to produce different motor forms (e.g., the body posture that 
a football player takes while kicking the ball), rather than 
different actions per se (e.g., the action to kick the ball), was 
opportunely developed. We also assessed whether motor divergent 
thinking skills were mediated by body representation, which 
was tested by asking children to form the topological map of 
the body task (TMB; Daurat-Hmeljiak et  al., 1978; Cannoni 
and Tega, 2009; Di Vita et  al., 2019). The novelty of this study 
is two-fold: first, it explores the extent to which dance promotes 
motor and visual divergent thinking in children; second, it 
assesses if the topological map of the body mediates motor 
divergent thinking in dancer children.

Basing on previous findings, hypotheses were formulated 
as follows:
 1. the dance background improves both visual (e.g., Fink et al., 

2009; Fink and Woschnjak, 2011) and motor divergent 
thinking (domain-general hypothesis);

 2. the dance background has a specific effect only on motor 
divergent thinking (e.g., Brennan, 1982; Stinson, 1993) 
(domain-specific hypothesis);

 3. the ability to form the topological map of the body is 
better in dancers than non-dancers (e.g., Fonseca et  al., 
2012, 2014) on the basis of a better postural sensitivity 
and body awareness;

 4. the improvement in motor divergent thinking is mediated 
by the improvement in topological map of the body in 
dancers (mediation hypothesis).

MATERIALS AND METHODS

Participants
A total of 58 children participated in this study (age range: 
6–10  years). They were subdivided into two groups as follows: 
the experimental group was composed by 33 ballet dancers 
(22 girls and 11 boys; mean age  =  8.4  S.D. ± 1.27; dance 
expertise in years  =  2.94  S.D. ± 1.50) of the different gyms 
belonging to the amateur sportive association “The Starlight 
Company” located in Rome; the control group was  
composed by 25 non-dancers (11 girls and 14 boys; 
mean age  =  7.92  S.D. ± 1.50) of the same gyms. The two 
groups did not differ in age (F(1,56)  =  1.69, p  =  0.19). The 
non-dancers practiced other types of physical activities (e.g., 
volleyball and football). All children were Italian native speakers 
and attended the primary school. Children with learning 
difficulties and other neurodevelopmental diseases were not 
included in the sample. As reported by parents during an 
informal interview, children had no primary visual or hearing 
impairments, no neurological conditions, and no emotional 
or behavioral problems. The study was approved by the Ethics 
Committee of University of L’Aquila in accordance with the 
Declaration of Helsinki. A signed informed consent was obtained 
from parents and an assent from each child.

MATERIALS AND PROCEDURE

The Topological Map of the Body Task 
(Daurat-Hmeljiak et al., 1978; Lis and 
Tallandini, 1981, for the First Italian 
Standardization and Cannoni and Tega, 
2009, for an Updating of the Italian 
Normative Data)
The topological map of the body (TMB) was assessed using the 
Frontal body-evocation subtest (FBE) of the Body Representation 
Test (Daurat-Hmeljiak et  al., 1978; Cannoni and Tega, 2009). 
This task is still largely used in its original and adapted versions 
both in clinical and experimental settings over the life span to 
study alterations in the mental representation of the relations 
between body parts (e.g., Guariglia et  al., 2002; 
Marangolo et  al., 2003; Di Russo et  al., 2006; Canzano et  al., 
2011; Cimmino et  al., 2013; Fuentes et  al., 2013; Palermo et  al., 
2014; Bassolino et  al., 2015; Di Vita et  al., 2015, 2017; Spitoni 
et al., 2015; Zantedeschi and Pazzaglia, 2016; ; Perez-Marcos et al., 
2018). Task materials included a small plastic board on which 
the position of the head was depicted as a reference part, and 
nine tiles, each representing a body part. Children were presented 
with one tile at a time and their task was to name the body 
part depicted on the tile; then, they were instructed to place 
each tile on a board, on which was depicted only a child’s face. 
Before showing a new tile, the position of the previous tile was 
recorded by overlapping a transparent grid and the tile was 
removed. The number of correct answers was recorded (Max = 9) 
as well as the response time expressed in seconds (see Figure 1).

The Visual Divergent Thinking Task (From 
Torrance Test of Creative Thinking—Form 
A (Torrance, 1987); Italian version,  
Sprini and Tomasello, 1989)
This task asked children to make drawings starting from given 
shapes within 10 min. Basically, a paper sheet with 10 incomplete 
shapes was presented; children were told to complete the shapes 
adding details and providing titles along with each drawing. 
Children could also use colored pencils to make their drawings. 
This task is also largely used in literature (e.g., Ayob et  al., 
2012; Palmiero et  al., 2016a, 2017; Humble et  al., 2018). It 
allows to assess three basic attributes of visual divergent thinking. 
First of all, fluency, that is the number of appropriate ideas/
drawings provided within a time limit. Secondly, flexibility, 
that is the number of categories encompassing the ideas underlying 
the drawings. As reported in the technical manual, the list of 
categories for each starting shape covered about 99% of the 
responses provided by the reference sample, formed by 500 
people; when the category was not present, the scoring procedure 
allowed to opportunely generate a new category. The sum of 
the categories across responses was used as the individual 
flexibility score. Finally, originality, that is the number of 
statistically infrequent ideas provided by a reference sample 
reported in the technical manual: responses provided by 5% 
or more of 500 people were scored 0 for originality; responses 
provided by 2–4.99% of 500 people 1 point; responses provided 
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A B

FIGURE 2 | Examples of motor-forms: (A) Football player; (B) Basketball player. Written informed consent was obtained from the parents of the child represented 
in the figure specifically for the publication of this image. A copy of the written consent is available for review by the Editor-in-Chief of this journal.

by <2% of 500 people 2 points; responses not listed in the 
technical manual were always given 2 points. The sum of the 
points across responses was used as the individual originality score.

The Motor-Form Divergent Thinking Task
This task was opportunely developed for the present study 
following the logic underlying the visual divergent thinking 

A B

FIGURE 1 | The topological map of the body: (A) Good; (B) Wrong.
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task. Participants were asked, without any cues, to perform 
a free motor action moving from a starting point (from the 
center of the room) and performing 10 steps in a specific 
direction (i.e., forward, backward, left, right, diagonally forward 
left, diagonally forward right, diagonally backward left, 
diagonally forward right, turn clockwise, and turn counter-
clockwise) before executing the invented movement (see 
Figure  2). Participants had to execute more motor actions 
as possible within 10  min. At the end of the performed 
action, children were asked to verbally describe the activity 
performed with a verb or a substantive. The task performance 
was not videotaped. One experimenter (observer) took notes 
of the motor forms performed and the description of the 
action provided by the child. Motor forms that were not 
recognizable were discarded at first glance. Afterward, the 
observer and another experimenter evaluated three basic 
attributes of motor-form divergent thinking, namely fluency, 
flexibility, and originality, in order to reach an agreement 
about them. Since this task was conceived on the basis of 
the visual divergent thinking task, the scoring procedure was 
the same. For fluency, the experimenters evaluated the number 
of the movements produced within the 10-min time limit 
(thus, the fluency score could be higher than 10). For flexibility, 
the experimenters generated the categories in which the 
movement forms fell. Categories were opportunely generated 
according to the movement forms provided. For example, if 
the child produced a movement form of a floor cleaner, the 
category “house work” was generated. In this vein, if a 
movement form of a football player was produced, the category 
“athletes” was generated. Thus, if the child produced movement 
forms still related to sport players, the category “athletes” 
was used to encompass the forms. For originality, the number 
of statistically infrequent ideas provided by participants of 
the present study (58 children) was computed as for the 
visual divergent thinking task: responses provided by 5% or 
more of 58 children were scored 0; responses provided by 
2–4.99% of 58 children 1 point; responses provided by <2% 
of 58 children 2 points. The sum of the points across responses 
was used as the individual originality score.

Administration of the Tasks
The topological map of the body task, the visual divergent 
thinking task, and the motor-form divergent thinking task were 
administered in random order across children. The entire 
experiment lasted approximately 30  min.

RESULTS

Means and standard deviations of all variables of interest divided 
per group are reported in Table 1.

Following the procedure used by Runco et  al. (2010), 
we computed the z-scores of fluency, flexibility, and originality; 
then, they were summed for obtaining a composite creative 
index both for visual and motor-form of creative thinking.

In order to exclude effects on visual and motor creativity 
due to gender, we  firstly performed two separate one-way 

TABLE 1 | Descriptive statistics.

No-dance Dance

Visual fluency 10 (0) 10 (0)
z-Visual fluency 0 (0) 0 (0)
Visual flexibility 7.56 (1.47) 7.91 (1.40)
z-Visual flexibility −0.14 (1.03) 0.11 (0.98)
Visual originality 10.36 (2.53) 11.09 (2.24)
z-Visual originality −0.17 (1.06) 0.13 (0.94)
Visual creative index −0.31 (1.10) 0.24 (1.45)
Motor fluency 15.56 (3.84) 17.42 (2.15)
z-Motor fluency −0.34 (1.23) 0.26 (0.69)
Motor flexibility 5.48 (2.14) 7.58 (2.25)
z-Motor flexibility −0.49 (0.88) 0.37 (0.93)
Motor originality 8.16 (5.27) 14.09 (5.38)
z-Motor originality −0.56 (0.87) 0.42 (0.89)
Motor creative index −1.39 (2.39) 1.05 (1.84)

Means and standard deviations (s.d.) of raw and z-scores in visual and motor 
creativity taking into consideration fluency, flexibility, originality, and the complete 
creative index for both types of creativity. The indices are expressed only in 
z-scores.

FIGURE 3 | Means and standard deviations of dancers and no dancers in 
the three motor components of the motor-form divergent thinking task.

FIGURE 4 | Template of the mediation analysis. Notes: TMB = topological 
map of the body.
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analyses of variance (ANOVA) with gender (girls vs. boys) as 
independent variable and composite creative indices (visual 
and motor) as dependent variables. No differences between 
groups were detected in visual composite creative index 
(F1,56  =  1.74; p  =  0.19; partial eta-square  =  0.03; observed 
power  =  0.25) and in motor-form composite creative index 
(F1,56  =  1.79; p  =  0.19; partial eta-square  =  0.03; observed 
power  =  0.26).

Thus, since gender produced no effect on the variables of 
interest, subsequent analyses were carried out focusing only 
on differences between dancers and non-dancers.

We performed two separate one-way analyses of variance 
(ANOVA) with group (dancers vs. non-dancers) as independent 
variable and composite creative indices (visual and motor) as 
dependent variables. No differences between groups were detected 
in visual composite creative index (F1,56 = 2.51; p = 0.12; partial 
eta-square  =  0.043; observed power  =  0.34); on the contrary, 
the two groups differed in motor-form composite creative index 
(F1,56  =  19.29; p  =  0.000; partial eta-square  =  0.26; observed 
power = 0.99): the dance group outperformed the control group 
(see Figure 3).

Thus, we  performed a separate ANOVA for each score of 
the motor-form composite creative index (fluency, flexibility, 
and originality), with group (dancers vs. non-dancers) as the 
between factor. Results showed that dancers had a significantly 
better performance in fluency (F1,56  =  5.51; p  =  0.022; partial 
eta-square  =  0.09; observed power  =  0.64); flexibility 
(F1,56  =  12.85; p  =  0.001; partial eta-square  =  0.19; observed 
power  =  0.94); and originality (F1,56  =  17.58; p  =  0.000; partial 
eta-square  =  0.24; observed power  =  0.99).

We also analyzed time and accuracy in the topological map 
of the body task as dependent variables comparing the 
performance of the two groups (dancers vs. non-dancers) as 
independent variable. Two separate one-way ANOVAs showed 
that dancers were more accurate (F1,56 = 8.51; p = 0.005; partial 
eta-square  =  0.13; observed power  =  0.82) and faster 
(F1,56  =  13.86; p  =  0.000; partial eta-square  =  0.20; observed 
power  =  0.96) than non-dancers in  localizing the body parts.

Thus, we directly tested whether the group effect we detected 
on motor-form of creative thinking was mediated by a more 
accurate topological map of the body in dancers. Thus, we 
performed a mediation analysis by using PROCESS (Hayes, 
2017) with group (dancers vs. non-dancers) as independent 
variable (X), motor-form composite creative index as independent 
variable (Y), and the number of correct answers on TMB 

task as mediator (M). Figure 4 summarizes this model. We 
found that Y was significantly predicted both by X (path c′; 
Figure 4) and M (path b; Figure 4). Also, both direct (path 
c′) and indirect effects of X on Y were significant. Statistics 
are fully reported in Table 2.

DISCUSSION

Dance has always been considered a means for creativity 
and self-expression, allowing the expression of kinetic 
consciousness (Kalliopuska, 1989; Pavlik and Nordin-Bates, 
2016) and enhancing positive self-esteem (Alter, 1984). 
According to Castañer et  al. (2016), kinematic parameters 
expressed by modern dancers also positively influence the 
observers’ aesthetic appraisal. In the present study, we  were 
interested in investigating two different aspects. The first one 
was related to the extent to which dance can promote not 
only motor but also visual divergent thinking (or creative 
index). That is, the issue of domain-specificity of divergent 
thinking was faced using a dance group of children. 
Contradictory results provided so far by previous studies led 
us to formulate two hypotheses: first, dance promotes both 
visual and motor divergent thinking; second, dance promotes 
only motor divergent thinking. The second aspect investigated 
was related to the mediation role of the topological map of 
the body on motor-form divergent thinking. In line with 
the evidence that the topological map of the body is 
progressively elaborated on the basis of sensory afferents that, 
from the beginning of life, maintain a link with motricity 
(Case-Smith et al., 2001), we hypothesized that the topological 
map of the body is generally better in non-dancer children. 
Since the topological map of the body supplies visuospatial 
information about the online representations of the body 
parts (Di Vita et al., 2016; Palermo et al., 2018), we hypothesized 
that the topological map of the body is crucial in enhancing 
the motor-form divergent thinking.

Results showed that children engaged in a ballet dance 
program did not differ from the control group in visual 
composite creative index, but they did in motor-form composite 
creative index. This finding is consistent with the domain-
specific hypothesis of creativity and the evidence that expertise 
influences cognition selectively. For example, highly skilled 
poker players have a larger working memory span  
(Meinz et al., 2012); military pilots are faster at mentally rotating 

TABLE 2 | Mediation analysis.

Variable M (TMB) Y (Motor creativity)

Path beta t p Path beta t p

X (Group) a 1.3394 2.9175 0.0051 c′ 1.8767 3.3249 0.0016
M (TMB) — — — b 0.4224 2.7595 0.0078

  R2 = 0.1319, F1,56 = 8.5121, p = 0.0051   R2 = 0.3467, F2,55 = 14.5935, p < 0.0001

Mediation analysis: effects for mediator (M) and independent variable (X) on motor creativity (Y). The indirect effect of X on Y is significant (0.5658; LLCI = 0.0820, ULCI = 1.1989). 
The direct effect of X on Y (c) is also significant (R2 = 0.2562, F1,56 = 19.2929, p = 0.0001; beta = 2.4424 t = 4.3924, p = 0.0001). Notes: TMB = topological map of the body.
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objects (Verde et  al., 2013) as well as better in navigational 
skills (Verde et al., 2016), or may be different in moral dilemmas 
and decision-making (Boccia et  al., 2017); video game players 
outperform novices on tests of visuospatial attention (Green 
and Bavelier, 2003). More specifically, for motor domain, 
exergames—namely, videogames based on body interaction 
because they foster physical exercise while playing (e.g., the 
Wii)—were found to elicit motor activities, such as motor 
endurance (e.g., climbing the stairs), stretch (e.g., in jumps), 
coordination (e.g., controlling the body throughout the activity), 
and balance (e.g., keeping the body in stability and in control 
while moving) (Castañer et  al., 2016); yet, high-level athletes 
were found to report higher levels of vividness of motor imagery 
(Zhang et al., 2018). With respect to creativity, although expertise 
and creativity are different constructs, in general, creativity 
often requires some level of expertise, especially in some domains 
(Baer, 2015). Consistent with this notion, it is possible that 
being expert in a specific domain predicts creativity only in 
that domain but not in others, unrelated domains; in addition, 
it is also possible that people are experts and creative in many 
different domains, as well as that one cannot simply transfer 
expertise and creativity across domains (for a review see Baer, 
2015). However, regardless of the level of expertise, given that 
in adults dance was found to increase fluency (Gondola, 1987) 
and flexibility (Steinberg et  al., 1997) of divergent thinking, 
it is also possible that in the present study, dance improved 
only motor divergent thinking because children (6–10  years 
old) were less flexible in transferring their little expertise to 
visual domain. Further investigations are needed to explore 
this issue.

In addition, consistent with our hypotheses, we  found that 
dancers were more accurate and faster in  localizing the body 
parts as compared with non-dancers. This result confirms that 
the development of the topological map of the body takes 
advantage from dance practiced already in early childhood. 
More interestingly, in line with the fourth hypothesis, we found 
that the topological map of the body mediated the effect of 
the group on motor-forms divergent thinking: besides the direct 
effect of group on motor-forms divergent thinking, we detected 
a significant indirect group effect, which was mediated by 
performances on TMB task. Therefore, dancers were able to 
easily generate new movements, to provide unique and rare 
movements as well as to change categories of movements with 
respect to non-dancers, at least in part due to their improved 
topological map of the body.

In conclusion, in line with the worldwide health organizations, 
that suggested to increase levels of physical activity in school-
aged children to enhance emotional, social, and cognitive 
functioning across their life span, the present findings support 
the idea to perform dance during early development because 
it affects many aspects of children’s health (King et  al., 2003) 
and may also have important implications for cognition, such 
as motor divergent thinking and creativity. The evidence that 
performing dance may enhance motor creativity, specifically 
the ability to produce motor forms, is interesting because it 
highlights the key role of this kind of physical activity in 

children’s life and the need to perform it throughout adulthood 
(Tucker, 2008). In addition, when improvisation is pursued, 
such as in modern dance (Fink and Woschnjak, 2011) or 
free movements with music (Campion and Letiva, 2014), it 
can be  expected that dance produces facilitation effects also 
in other domains. Further studies are necessary to clarify 
this issue.

Regarding limitations, the absence of validation of the 
motor-form divergent thinking task limits the conclusions 
drawn by the present study. The scarce number of participants 
and the gender imbalance in the dance group should also 
be considered as possible confounding factors, even though 
it is noteworthy to underline that it is not easy to find children 
that practice classical ballet, especially boys. In future, studies 
with more participants based on different dance styles, equally 
practiced by both genders, should be  pursued. In the future, 
given the nature of the motor-form divergent thinking task, 
videorecording is suggested in order to ensure that observers 
have observed movements properly. This would also help to 
evaluate movements by multiple independent judges and get 
the intra- and inter-agreement within and between raters, 
respectively. Despite these limitations, this study involves two 
novelties: the exploration of the relation between dance and 
divergent thinking in different forms (motor and visual) in 
children; the exploration of the extent to which the topological 
map of the body mediates motor divergent thinking in dancer 
children. Moreover, the present results also have important 
implications for creative dance in educational settings, because 
dance has to be  conceived as a healing and aesthetic art 
(Thomson, 2011) since childhood. Following Castañer et  al. 
(2009), it could be  interesting to compare the impact of 
different kinds of instructions on motor creativity. Authors 
refer to descriptive instructions: questions using specific 
terminology of dance; metaphoric instructions: questions using 
metaphorical images; and kinesic instructions: motor examples 
or visual demonstrations. Descriptive and, to a lesser extent, 
metaphoric instructions were found to generate more motor 
divergence than kinesic instructions. Metaphoric instructions 
were found to help to understand the task and motivate 
participants. Therefore, Castañera and colleagues suggested 
to use kinesic and metaphoric instructions with beginners, 
and descriptive instructions with more expert dancers. 
According to Davenport (2006), among other teaching points, 
it might be  also useful to translate ideas into movements of 
the body and develop different body movements of the same 
idea, draw on improvisation, learn to feel the body (e.g., 
energy, body parts initiation), manipulate chunks of movements, 
vary rhythm and length of movements, translate the notion 
of outside eye to inner eye to better understand what movements 
are expressing and develop different kinds of relationships 
with the co-dancers. In other words, the pedagogical value 
of creative dance has to be  pursued using different dance 
styles because it has the potential to offer the opportunity 
to develop well-being, general cognition, and wider creativity, 
besides contributing to the improvement of bodily self-
consciousness and motor creativity.
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The purpose of this study was to explore the relationship between mind wandering,
metacognition, and creativity in a sample of Chilean high school students. Two hundred
and twenty-eight secondary students took three self-report scales on mind wandering,
metacognitive strategies and reading difficulties, two verbal creativity assessments,
a test of fluid intelligence and a measure of attentional capacity. Correlational
analysis, a single multiple hierarchical regression, and a three-way moderation model
were performed on data. Controlling for fluid intelligence and reading difficulties,
metacognition and attention predicted creativity while mind wandering did not.
Additionally, a three-way interaction showed that mind wandering had a positive impact
on creativity only among students with both high attention and high metacognition.
These results reflect the relevance of cognitive self-regulation for creativity during the
high school years. Educational implications are discussed.

Keywords: creativity, mind wandering, metacognition, attention, intelligence

INTRODUCTION

The purpose of this study was to explore the relationship between mind wandering, metacognition,
and creativity. Metacognition is commonly seen as a corrective to mind wandering’s negative
consequences (Smallwood et al., 2007; Szpunar et al., 2013). Still, both impact creativity positively.
Fox and Christoff (2014) noted that both metacognitive and default mode brain networks
show connectivity during the creative processes. And it has been recently proposed that both
spontaneous self-generated thought and goal-directed thought play a role in creative cognition
(Beaty and Jung, 2018).

Specifically, metacognition may be a factor during the creative process evaluation phase
(Fox and Christoff, 2014). It may favor creativity, specially among those individuals more likely to
benefit from its regulatory aspects (Kaufman and Beghetto, 2009; Kaufman et al., 2016). Kaufman
and Beghetto coined the notion of metacognitive creativity to refer to “a combination of creative
self-knowledge (knowing one’s own creative strengths and limitations, both within a domain and
as a general trait) and contextual knowledge (knowing when, where, how, and why to be creative)”
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(Kaufman and Beghetto, 2013, p. 160). That said, the impact of
metacognition on creativity might depend also on developmental
factors. Metacognition is closely intertwined with executive
function. It plays an important role in the development of a very
diverse set of skills (Roebers, 2017). Additionally, metacognitive
skills do not develop at the same pace in young adolescents
(van der Stel and Veenman, 2014).

Several researchers have noticed the constructive role mind
wandering plays in creativity (McMillan et al., 2013). Specifically,
mind wandering may provide the opportunity for insightful
problem solving (Sawyer, 2011) and plays a positive role in the
process of incubation (Baird et al., 2012). Experimentally induced
boredom, which is thought to be related to mind wandering, is
associated to creativity (Mann and Cadman, 2014). Nevertheless,
mind wandering does not always favor divergent thinking (Hao
et al., 2015; Smeekens and Kane, 2016).

Here, we report a study investigating how trait mind
wandering and self-reported metacognitive strategies predict
verbal creativity taking into account participants’ performance
in fluid intelligence and attentional capacity measures as well
as their self-reported difficulties in reading. This study follows
up other we previously developed on university and vocational
students (Preiss et al., 2016). There, we found that while mind
wandering positively predicted divergent thinking and creative
problem solving, above the contribution of fluid intelligence and
reading difficulties, metacognition did not. Yet, metacognition
had a negative effect on creative problem solving only among
university students. Given that the students of the current
sample were younger than those of the former study we did not
expect to replicate these results. Since participants in this study
were high school level students, we expected that both mind
wandering and metacognition will positively impact creativity,
taking into consideration differences in attentional capacity, fluid
intelligence and reading difficulties. Additionally, we decided
to explore whether attention and metacognition moderated the
impact of mind wandering on creativity. Our goal was to
investigate whether students with different metacognitive and
attentional profiles showed a different relation between their
disposition to mind wander and their performance in our verbal
creativity tasks.

METHODS

Participants
Two hundred and twenty-eight secondary students, from eight
different schools (three private, n = 77; three private state-funded,
n = 81; three public, n = 70) participated in the study (age ranged
from 16 to 19, M = 16.4, SD = 0.63; 100 women). The subjects
took the assessments in one 90-min group session and during
the school schedule. Approval for the project was granted by the
researchers’ institution ethics committee, which also examined
that procedures were strictly followed. These procedures involved
three steps. First, directors of participating schools provided
written consent. Then, before the study was implemented, a letter
to children’s parents or guardians was sent explaining the nature
of the study providing a method to retract permission. Finally,
written consent was obtained from all participants.

MATERIALS AND PROCEDURES

Cognitive Measures
To measure fluid intelligence and attentional capacity we used
the Fix and the Oi tests, respectively. Both measures are applied
in a group format. Application times for the Fix and Oi tests
are 10 and 5 min, respectively. Both tests are commercially
available measures implemented and reported by the Center
for the Development of Inclusive Technologies at the Pontificia
Universidad Catolica de Chile (CEDETI UC). The reported
Cronbach’s alpha by CEDETI for the Fix test is 0.85, p < 0.001,
for the A form, and 0.84, p < 0.001 for the B form. The
reported split-half reliability for the Oi test is 0.86, p < 0.001
(Riveros et al., 2015).

Self-Report Measures
We used three self-report measures, which had been previously
translated and used in Chile (Preiss et al., 2016). Students
filled out Spanish versions of the Daydreaming Frequency Scale
(12 items) and a scale (11 items) of metacognitive strategies
taken from the Goal Orientation and Learning Strategies
Survey (Dowson and McInerney, 2004). Respectively, higher
scores involved higher frequency of daydreaming and higher
metacognitive knowledge. To assess reading difficulties we
adapted the items of the Spanish version of the Adult Reading
History Questionnaire (Mourgues et al., 2014) so they suited the
experience of high school age participants. Items were adapted to
reflect current school experiences and introduced in present tense
instead of past tense. The Likert scales were presented with verbal
labels in all the values to facilitate comprehension. One item
that asked about dyslexia was dropped. Higher scores reflected
a higher self-report of difficulties with reading. Cronbach Alphas
for the measures were as follows. For the High School Reading
History Questionnaire-Spanish, α = 0.79; for the Daydreaming
Frequency Scale, α = 0.90; for the Metacognition self-report,
α = 0.82. The average of all items was calculated to create a global
score for each subject in each scale.

Creativity Measures
To evaluate divergent thinking we used a measure based on
Guilford’s Alternative Uses Test (Guilford, 1967). Participants
were asked to write alternative uses for a newspaper and
a paperclip (3 min per object). Only appropriate uses were
used to calculate the final score, discarding those that were
physically impossible, needed more than one of the objects
(e.g., “a chain of clips”) or had an unspecific use (e.g., “to
order”). Two raters assessed 38% of the newspaper answers and
30% of clips answers. The percentage of agreement between
raters was acceptable for both (newspaper, p > 0.81; clip,
p > 0.80). The scores of both tasks were added to create the
final Alternative Uses score for each participant. Additionally,
we employed a Spanish Compound Word Association test
(Mourgues et al., 2014), inspired by an English language test
(Bowden and Jung-Beeman, 2003). It assesses the ability to
draw relationships between semantically distant words. The
test’s Cronbach’s alpha, was 0.85. Total scores were the sum of
correct responses.
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First, the two cognitive tests were presented (Oi, FIX). Then,
students answered the self-report scales (mind wandering,
reading, metacognition). Finally, the two creative tests
were presented (Alternative Uses and Compound Words
Association Test).

DATA ANALYSIS

Data analysis was performed using SPSS V.21. Eight participants
who did not complete properly the Oi test were excluded from
the regression analysis. 0.21% of participants had missing data on
some items of the self-report scales. According to Little’s test, the
missing data could be considered missed completely at random
(MCAR) in all three self-report scales. We replaced missing data
using the algorithm Expectation-Maximization (Enders, 2003;
Peugh and Enders, 2004). Then, we created a composite index,
the Verbal Creativity Index (VCI), scaling (to a 0–10 scale) the
two creativity tests results and averaging them. Table 1 shows
means, standard deviations and bivariate correlations for all
variables used in the analysis.

First, we performed a correlational analysis between all
variables (see Table 1). Later, a single multiple hierarchical
regression, with mean centered variables (Aiken and West, 1991)
was carried out to predict the VCI, including as predictors
Fluid Intelligence (Fix), Attentional Capacities (Oi), Reading
Difficulties (RD), Mind Wandering (MW), and Metacognition
(Met) (see Table 2). Finally, following the procedure suggested
by Hayes (2013), using the PROCESS package v.2.16.3, a three
way moderation model was conducted. This particular model
explored the moderating effect of Oi and Met, combined, on the
effect of MW on VCI.

RESULTS

The hierarchical multiple regression analysis, predicting the
VCI (Table 2), explained 23% (R2 = 0.229) of the variance
F(9,210) = 6.951, p < 0.001. In the first step of the model, Fix
significantly predicted variance of the VCI (12%) but reading
difficulties did not. In the second step, when including MW,
Oi and Met, only Oi and Met accounted significantly for some
variability (6%) of the VCI. In the third step of this analysis, none

of the 2-way interaction terms (MW×Oi, MW×Met, Oi×Met)
improved the model. However, in the fourth step, the 3-way
interaction term (MW × Oi × Met), significantly improved
the model (3%). To interpret this result, slope differences were
calculated for −1 SD and +1 SD concerning the moderators
(Dawson and Richter, 2006). MW had no significant effect on
VCI when Oi was high and Met was low (b =−0.133, t =−0.467,
p = 0.640, CI 95% [−0.696, 0.429]), neither when Oi was low
and Met was high (b = −0.146, t = −0.483, p = 0.628, CI 95%
[−0.745, 0.451]) or when Oi and Met were low (b = 0.112,
t = 0.485, p = 0.627, CI 95% [−0.344, 0.569]). MW had a
significant positive effect on VCI (b = 1.143, t = 4.044, p < 0.001,
CI 95% [0.586, 1.701]), only when both Oi and Met where high
(see Figure 1). When splitting the VCI into its two components
(Alternative Uses and Compound Words Association Test) the
interaction term only remained significant for the latter. The
interaction term when predicting Alternative Uses explained
only an additional 1% of the variance while this term explained
an additional 3% of the variance for the Compound Words
Association Test.

DISCUSSION AND CONCLUSION

Our model showed that, controlling for fluid intelligence
and reading difficulties, metacognition and attention predicted
creativity while mind wandering did not. Additionally, a three-
way interaction showed that trait mind wandering had a positive
impact on creativity only among students with both high
attention and high metacognition. Thus, our initial hypothesis
was partially confirmed since metacognition but not mind
wandering predicted creativity in the full sample, yet the latter
did so only for students scoring high in the attention and
metacognition measures. These results may be explained for
the nature of our measures and our sample. Our creativity
measures involve verbal skills. Since the sample was composed
of high school students, their verbal skills are still developing.
Thus, our creativity measures may demand a larger amount of
cognitive self-regulation from high school students than from
university students, making more relevant the role of attention
and metacognition.

Additionally, our study makes a contribution to research on
attention and creativity. A recent review suggest that whereas

TABLE 1 | Means, standard deviations, and correlations coefficients.

Variable M SD 1 2 3 4 5 6 7

(1) Fix percentile (Fix) 44.36 19.14

(2) Oi percentile (Oi) 40.63 23.86 0.24∗∗

(3) Mind wandering (MW) 3.34 0.81 0.12 0.02

(4) Reading difficulties 1.44 0.35 −0.17∗ −0.08 0.20∗∗

(5) Metacognition (Met) 2.78 0.64 0.02 0.01 −0.12 −0.26∗∗

(6) Alternative Uses test 13.43 5.63 0.15∗ 0.17∗ 0.09 −0.10 0.13∗

(7) Compound Words Association test 5.66 3.15 0.41∗∗ 0.22∗∗ 0.15∗ −0.16∗ 0.13∗ 0.44∗∗

(8) Verbal Creativity Index (VCI) 4.34 1.80 0.35∗∗ 0.23∗∗ 0.15∗ −0.15∗ 0.16∗ 0.80∗∗ 0.89∗∗

N = 228 for all correlations but for those including the Oi test, which consider 220 participants because of missing data for that variable. M and SD are used to represent
mean and standard deviation, respectively. ∗p < 0.05, ∗∗p < 0.01.
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TABLE 2 | Mind wandering effect on creativity moderated by attentional capacity and metacognition.

Predictors Verbal Creativity Index

Step 1 Step 2 Step 3 Step 4

Constant 3.501∗∗∗ (0.586) 3.650∗∗∗ (0.601) 3.704∗∗∗ (0.602) 3.840∗∗∗ (0.594)

[2.345, 4.657] [2.465, 4.834] [2.517, 4.891] [2.668, 5.012]

Fix percentile (Fix) 0.031∗∗∗ (0.006) 0.026∗∗∗ (0.006) 0.026∗∗∗ (0.006) 0.028∗∗∗ (0.006)

[0.019, 0.043] [0.014, 0.038] [0.014, 0.038] [0.016, 0.040]

Reading difficulties −0.366 (0.326) −0.317 (0.335) −0.333 (0.337) −0.486 (0.336)

[−1.008, 0.276] [−0.978, 0.343] [−0.997, 0.330] [−1.147, 0.176]

Oi percentile (Oi) 0.012∗ (0.005) 0.011∗ (0.005) 0.011∗ (0.005)

[0.002, 0.021] [0.002, 0.021] [0.002, 0.020]

Mind wandering (MW) 0.280 (0.142) 0.297∗ (0.144) 0.249 (0.142)

[−0.001, 0.560] [0.014, 0.580] [−0.031, 0.530]

Metacognition (Met) 0.435∗ (0.179) 0.409∗ (0.180) 0.364∗ (0.178)

[0.082, 0.788] [0.053, 0.764] [0.013, 0.715]

Two-way interactions

(MW × Oi) 0.008 (0.006) 0.011 (0.006)

[−0.003, 0.020] [−0.001, 0.023]

(MW × Met) 0.284 (0.209) 0.403 (0.210)

[−0.129, 0.696] [−0.011, 0.818]

(Oi × Met) −0.001 (0.007) −0.002 (0.007)

[−0.015, 0.014] [−0.016, 0.013]

Three-way interactions

(MW × Oi × Met) 0.026∗∗ (0.009)

[0.008, 0.043]

R2 0.124 0.183 0.200 0.230

1R2 0.124∗∗∗ 0.059∗∗ 0.017 0.030∗∗

N = 220. Unstandardized regression weights are reported. Standard Errors in parenthesis. Values in square brackets indicate the 95% confidence interval for each
regression weight. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

FIGURE 1 | Mind wandering effect on creativity moderated by attentional capacity and metacognition.

real-life creativity is linked to leaky attention, divergent thinking
is linked to flexible attention (Zabelina, 2018). Other study
suggests that divergent thinking is specifically related to the
capacity to update or inhibit prepotent usual responses (Benedek
et al., 2014). Our results show that attention and metacognition
moderate the impact of mind wandering on creativity, suggesting

that creativity may depend upon a particular combination of
controlled and spontaneous thought processes.

Finally, our results are consistent with those of a study
showing that metacognitive accuracy in the self-assessment
of creativity is associated with higher intelligence (Karwowski
et al., 2018) and with the notion that metacognition help the
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creative process during the evaluation phase (Fox and Christoff,
2014). Therefore, fostering creativity in high school may entail
educating metacognitive strategies and teach students how to
focus their attention on the task at hand in order to improve
the evaluation of their own creative products. If teachers are
going to promote creativity during high school, they may need
to strike a balance between upholding their students inclination
to mind wander, training their students’ metacognitive strategies,
and promoting a good use of their attentional resources so they
can fulfill their highest creative potential.
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Psychometric and emotional intelligence are considered as two separate theoretical
constructs, although each one has been found to correlate to a certain degree
with measures of creativity. The aim of the present study was to analyze whether
individual differences such as age and gender, together with psychometric intelligence
and emotional competence (EC) predicted creativity. We selected a sample of 376
participants aged 12–88 (mean age = 30.28 years, SD = 19.09 years; 224 females)
to evaluate relationships between these constructs across lifespan. Participants were
administered the Kaufman Brief Intelligence Test-2, the Short Profile of EC, the Creativity
Style Questionnaire Revised (CSQ-R) and the Creative Achievement Questionnaire
(CAQ). T-test on gender differences evidenced that males had higher creativity
achievements compared to females. A path analysis was applied to examine the
relationships between the CAQ and CSQ-R scores as dependent variables and the
potential predictors assessed. Results showed that CSQ-R was significantly predicted
by interpersonal emotional competence and marginally by educational level (p = 0.058)
and intrapersonal emotional competence (p = 0.051). On the other hand, the CAQ score
was significantly predicted by gender, age, and composite IQ. Discussion is focused on
possible theoretical implications.

Keywords: creativity, age factors, intelligence, individual difference, emotional competence

INTRODUCTION

A long tradition of research suggests that creativity is related to general cognitive abilities
(e.g., Guilford, 1967; Kaufman and Plucker, 2011) and increasing evidence underlines
a link between creativity and emotional intelligence (EI) (e.g., Guastello et al., 2004;
Sánchez-Ruiz et al., 2011). Psychometric and EI are considered as two separate theoretical
constructs (Mayer et al., 1999) although each one has been found to correlate to a certain
degree with measures of creativity. Whereas some studies investigated dyadic relationships
amongst these three competencies (i.e., creativity, psychometric intelligence, and EI), lack
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of evidence is available as regards how these constructs are related
to one another. The present study aims to investigate the relation
between psychometric intelligence, EI and creativity, taking into
account demographic variables, such as gender and age. In
the following sections, we will briefly define these constructs
considering their evolution over the life-course and analyze
previous studies which investigated relations amongst them.

Creativity, Psychometric Intelligence,
Emotional Intelligence, and
Demographical Variables
It is beyond the scope of the present study to summarize the
huge amount of studies that tried to define these three constructs,
but all such attempts evidenced that creativity, psychometric
intelligence and emotional competence (EC) cannot be reduced
to single factors and need to be considered as multidimensional
competencies.

Creativity is thought to derive from the interaction between
the individual’s attitudes, cognitive processes and environment
and this interaction produces something both novel and useful
within a given social context (Plucker et al., 2004). The creativity
literature has seen convergence on some core issues. For example,
a basic definition of creativity has pointed out the capacity to
produce ideas and products that are both original and useful or
task appropriate (Plucker et al., 2004; Kaufman, 2016). However,
because of the complexity of the construct, creativity has been
studied at different conceptual levels (Guilford, 1967; Rhodes,
1987; Simonton, 2000; Kaufman and Beghetto, 2009), thus
considering creative achievement, creativity style, and creative
potential. Creative achievement is the actual realization of this
potential and refers to the visible results reached by individual
in the course of life (Carson et al., 2005). For the assessment
of creative achievement self-report measures are generally used
(e.g., Creative Achievement Questionnaire – CAQ; Carson et al.,
2005) investigating the level of creativity in relation to different
domains.

Both classic (i.e., Feist, 1998) and more recent works
(Kaufman et al., 2016) have shown that not only cognitive
characteristics, but also personality traits predict creative
potential and achievement. One such an example is the openness
trait, which is one of the most consistent personality predictors
of creativity (e.g., Silvia et al., 2014; Conner and Silvia, 2015;
Karwowski and Lebuda, 2015; Forthmann et al., 2018). Moreover,
researchers have recently begun to study “how” or “in what way”
people exhibit their creativity (Houtz et al., 2010), that is their
creativity style. Creative style refers to beliefs (e.g., unconscious
beliefs, inspiration, and insight) and to the use of particular
strategies (e.g., brainstorming, taking a walk, and taking notes)
that accompanies creative work. Creativity style can be measured
through the Creativity Style Questionnaire (Kumar and Holman,
1989) or its revised form (QSC-R, Kumar et al., 1997).

Finally, a number of studies focused on divergent thinking
(DT), as candidate predictor of creative potential. DT is generally
measured with tests such as the Torrance Tests of Creative
Thinking, (Torrance et al., 1966) that require to produce different
responses for each specific item, with the aim to assess fluency,

flexibility, originality and elaboration of ideas. However, there
are many arguments (e.g., Weisberg, 2006) suggesting that DT
tests should not be considered measures of creative potential but
rather “estimates of the potential for creative problem solving. DT
is not synonymous with creativity” (Runco and Acar, 2012, p. 72).
Creative potential, usually defined as the human’s ability to do
something new and useful (Sternberg and Lubart, 1999), is more
than DT alone (Runco, 1991; Baer, 1993). Indeed, it also involves
deductive and inductive thinking (Dunbar, 1997; Vartanian et al.,
2003; Weisberg, 2006) and, as outlined in the work of Getzels
and Csikszentmihalyi (1976) and reinforced in the later literature
referring to the nature of creative thought, the ability to use
specific problem solving strategies (Finke et al., 1992; Runco,
1994) and to generate novel and appropriate solutions and
outcomes. The present study did not included measures of DT
but specifically focused on creative style and creative achievement
measures.

The relationship between creativity and intelligence and the
role played by intelligence in creativity is one such continuing
research question: theoretical mechanisms of the links between
intelligence and creativity are still up for debate, specifically
the nature of this relationship. Nowadays, the most accredited
taxonomy of intelligence is that proposed by CHC theory
(Cattell–Horn–Carroll, Alfonso et al., 2005), a three stratum
hierarchical model which includes a general (g) factor and a set of
broad abilities which, in turn, include a subset of narrow abilities.
Psychometric intelligence can be considered a relatively stable
trait across the human lifespan (Deary et al., 2010), although
a decline in intelligence scores in elderly populations has been
reported (Miller et al., 2009; Wisdom et al., 2012), associated
with reduced cognitive control (Craik and Byrd, 1982; Manard
et al., 2014), and impoverished working memory functioning
(Sander et al., 2012). Considering this point of view, creative
ability is conceptualized as a part of intelligence. Although some
studies have focused on fluid intelligence (e.g., Batey et al., 2010),
recent investigations have followed the CHC model’s placement
of creativity, which is in fluid intelligence, or long-term storage
and retrieval (Kaufman, 2015). Fluency (i.e., the ability to quickly
recall a large number of things) has been found (Unsworth
et al., 2010) to be primarily accounted for by working memory
capacity (which is part of fluid intelligence) and by vocabulary
knowledge (crystallized intelligence); its connection with DT, that
is creativity, is certainly straightforward (Kaufman et al., 2011;
Silvia et al., 2013).

The vast majority of past studies focus on creativity and
changing across lifespan in relation to intelligence. Specifically,
it has been found that creativity increases from childhood
to adulthood (Smith and Carlsson, 1983, 1985), and more
specifically when considering creativity tasks involving real-
world problems (Wu et al., 2005). Indeed, the age differentiation
hypothesis (Anastasi, 1958; for a review see Blum and Holling,
2017) proposes that the structure of cognitive ability varies
across respondent age. A prominent theory about the structural
development of cognitive abilities claims dedifferentiation in
old age (Baltes et al., 1999). According to this dedifferentiation
hypothesis, the g-factor explains more variance with increasing
age. Moreover, the dynamic differentiation theory states that
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the development of cognitive abilities in old age is mainly
influenced by common sources, resulting in higher correlations
between different cognitive abilities. In contrast, the non-
dynamic dedifferentiation theory states that changes in different
cognitive abilities are due to a common developmental cause
which influences all cognitive abilities with an invariant strength
with increasing age (for a review see Hartung et al., 2018). We
focused on the relation between intelligence and creativity across
lifespan. Considering the elderly, Zhang and Niu (2013) found a
decline in creativity, while Ueno et al. (2015) found that, in elderly
subjects, higher individual creativity, but not IQ scores, were
significantly related with EEG complexity of resting state, which
is thought to reflect neural network characteristics. In a similar
vein, Jung et al. (2010) found an inverse relationship between
cortical thickness and the creativity measures, as measured by the
CAQ (Carson et al., 2005), thus suggesting that the network was
not limited to a specific brain region, nor to the “more is better”
notion (Jung et al., 2005) that is often invoked in explaining
life-course trajectories. Considering the accepted progressive
thinning of cortical areas in the elderly (Fjell et al., 2009), the
results presented by Jung et al. (2005) and Ueno et al. (2015)
would allow to hypothesize that creativity does not necessarily
decrease according to cognitive decline.

Another issue considered by researchers is the creative
potential in relation to demographic variables such as gender
differences. There are many studies on gender differences, some
using very different methodologies, techniques, and populations
(for a review see Baer and Kaufman, 2008). Research on the
existence and/or direction of gender differences in creativity
has produced mixed and inconsistent findings. Some researchers
find men as more creative (e.g., Schmidt and Sinor, 1986),
whereas others find higher scores in women (e.g., Amabile, 1983;
Richardson, 1986). Others still find no gender differences at all
(e.g., Dudek and Verreault, 1989; Paguio and Hollett, 1991).
These results could be explained by taking into account the
type of creative tasks or questionnaire people have to solve
or fill in (Hardy and Gibson, 2015). Considering this aspect,
men appear more creative when using measures of creative
accomplishment (Simonton, 1994; Piirto, 2004), whereas women
appear more creative when using measures of creative potential.
Collectively, these findings suggest that gender differences
may exist at the measurement level for creativity. Different
theories have been developed to explain gender differences
in creativity. For example, Abra and Valentine-French (1991)
suggested that “creative achievement depends on both biological
and environmental factors... [and] because men and women
differ in both factors, either or both could have produced the
achievement difference” (p. 235). Biological theories of gender
differences in creativity are theories that examine the theory that
androgynous males and females may be more creative than their
less androgynous counterparts. As an example, one currently
popular explanation is proposed by Pinker and Spelke (2005).
These authors suggest that when mean levels are identical on a
given trait, men and women often have different normal curves,
with men’s curves often being flatter. “[E]ven in cases where
the mean for women and the mean for men are the same, the
fact that men are more variable implies that the proportion of

men would be higher at one tail, and also higher at the other.
As it’s sometimes summarized: more prodigies, more idiots”
(Pinker and Spelke, 2005, para. 24). Other theories interpreted
gender differences considering differences in development in
relation to task demand. Hutt and Bhavnani (1976) explained
these differences by the fact that preschool girls, who are more
linguistically and socially competent than preschool boys, may
engage in more symbolic and therefore covert role-play than
boys, and that this kind of imaginative activity would not
be very obvious to an observer. It should be noted that the
behavioral differences observed by Hutt and Bhavnani (1976)
are consistent with gender stereotypes. More recently, Baer and
Kaufman (2008) proposed a new theoretical framework: the APT
model of creativity, which is a hierarchical model that considers
different levels of explanation to interpret gender differences.
The first level (initial requirements) includes things that are
necessary (but not sufficient) for any type of creative production;
the second (general thematic areas) is referred to those skills,
traits, and knowledge that promote creativity; the third level is
characterized by domains where there are limited factors that
promote creativity; and finally microdomains, each with its own
very specialized knowledge that one must master to make creative
contributions, such as biology.

The authors suggested that there seems to be some general
factor at work that is limiting female accomplishment: the
primary general factor being the Initial Requirement of
environment. The environments in which male creators work are
generally more conducive to creative accomplishment than those
of female creators, allowing men to express their creative abilities
more regularly than women. These differences can also be found
in the opportunities available to male and female children and
adults, and differences in the kinds of experiences women and
men are likely to have.

Finally, with reference to EI, this can be defined as the
ability to perceive, recognize and label emotions accurately, to
use emotions to ameliorate reasoning, and to regulate one’s
own emotions (Mayer and Salovey, 1997). Many efforts have
been devoted to possibly consider EI as a standard intelligence
(McCann et al., 2014) and also in these domains hierarchical
models have been proposed. The most influential is the four
factors model (Mayer et al., 2002) which includes accurate
perception and expression, facilitation (use of emotion to
aid problem solving), understanding (of the relation between
emotions and contexts), and management (regulation of
one’s own and others’ emotions). Although EI is related to
psychometric intelligence, it is not included in the CHC model
and many evidences suggest that it is a separate construct (e.g.,
McCann et al., 2014). Some studies have recently tested models in
which established factors of emotional processing were regressed
into factors representing interindividual variance in cognitive
functioning (Mathersul et al., 2008; Adolphs, 2009; Wilhelm et al.,
2010) with mixed results. A study by Hildebrandt et al. (2015)
addressed this issue by means of a latent variable modeling on
selected measures of cognition, emotion recognition and emotion
perception. These authors found limited uniqueness in emotion
expression perception and evidenced that most variance in this
ability can be accounted for by face identity processing and
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general cognitive skills (figural reasoning, working memory, and
immediate and delayed memory).

The effects of aging on EC have been studied by means
of self-reported questionnaires. For example, in a recent study
(Cabello et al., 2014), a lower level of EI was reported in older
people compared to younger people in all dimensions of the
Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT,
Mayer et al., 2002) (perceiving, facilitating, and understanding
emotions) except for the managing emotions subscale. They also
found that EI was significantly correlated with educational level,
and that this variable predicts several dimensions of EI over and
above the effects of gender and age. These results seem to be in
line with neurophysiological evaluations of emotion recognition.
For example, a recent meta-analysis suggests a decline in emotion
recognition in the elderly (Ruffman et al., 2008) and other studies
reported young-old differences in recognizing complex emotions
and mental states in the eyes (Phillips et al., 2002), or in reduced
physiological responses to emotion stimuli (Tsai et al., 2000;
Kunzmann et al., 2005). However, these trends do not necessarily
legitimate to conclude that older people are less emotionally
competent than younger people. Their worse performance
in emotion recognition tasks might be due to confounding
variables such as the nature of the experimental tasks, which
are often characterized for presenting non-spontaneous facial
expression of emotions and may be highly demanding in the
cognitive load required. Moreover, as suggested by Ruffman et al.
(2008), older adults might process emotional information not
necessarily worse, but just differently than younger adults. In
this line a study by Tessitore et al. (2005) suggested that elderly
subjects might engage a more distributed neocortical network
during the perceptual processing of emotional facial expressions,
thus implementing compensatory responses and/or alternative
strategies in processing emotions, as the elderly appear to engage
cognitive/linguistic systems (e.g., Cabeza et al., 1997; Gunning-
Dixon et al., 2003) in the context of a decrease in amygdala
activity (e.g., Iidaka et al., 2002; Gunning-Dixon et al., 2003).

Relationships Between Creativity,
Psychometric Intelligence, and
Emotional Intelligence
As previously mentioned, creativity has been studied both in
relation to general cognitive ability and EI. Creativity seems to
represent the intersection where general cognitive ability and EI
meet each other.

Many studies have investigated the relationship between
psychometric intelligence and creativity. It is known that many
processes involved in the development of creativity actually
represent skills included in the traditional assessment of cognitive
functioning. For example, problem solving, analogic thought,
working memory, sustained attention, cognitive flexibility,
temporal organization, planning, and evaluation of information
adequacy, would appear to be the main cognitive activities
activated when searching for an original idea (Dietrich, 2004),
and most of them refer to the role of the prefrontal cortex
(Carlsson et al., 2000; Abraham et al., 2012). It has been
suggested that intelligence predicts creativity especially when

it is tested through DT tasks, which explicitly require the
subject to be creative at that specific time, in order to evaluate
fluency and originality. In contrast, using self-report measures,
correlations are weaker with cognitive variables and stronger
with other variables, such as personality (Batey et al., 2010).
These findings have made it possible to better highlight the
contradictory relationship between intelligence and creativity:
cognitive performance tasks and DT ability evidently cannot
alone explain the wide variety of creative performances (Batey
and Furnham, 2006). The relationship between intelligence and
creativity is seen in terms of the threshold hypothesis (Jauk
et al., 2013). The basic idea behind the threshold hypothesis is
that to reach high levels of creativity, high or at least above-
average intelligence is required. Guilford (1981) first suggested
the existence of a non-linear relationship between the two
constructs, with the presence of a high correlation between
IQ and creativity scores for an IQ below 120, and a low
correlation for an IQ above the average. Guilford explained this
discrepancy by referring to the way in which individuals differ
in the use of divergent or convergent thinking for problem
solving tasks. Subjects with an IQ below 120 would use most
of their divergent abilities to arrive at a plausible solution,
while those with a higher IQ would rely more on their stable
convergent thinking skills. Recent evidence (Jauk et al., 2013)
suggested that the threshold hypothesis might vary according
to the specific domain of creativity investigated. The threshold
of 120 seems to be valid when the ideational originality is
more demanding, whereas an IQ of 100 was found to be
sufficient for less demanding tasks and an IQ of 85 was
found to fit the threshold for a simply quantitative measure
of creative potential (i.e., ideational fluency). On the contrary,
no threshold was found for creative achievement, i.e., creative
achievement benefits from higher intelligence even at fairly high
levels of intellectual ability. Finally, intelligence seems to be
necessary but not sufficient for creativity and for this reason the
need arises to consider also non-cognitive variables, especially
emotional and personality aspects (Batey and Furnham, 2006).
Recently, Karwowski et al. (2016), in eight studies using different
measures of intelligence (i.e., Raven Matrices – Raven, 2000; the
Baddeley’s Grammatical Reasoning Test – Baddeley, 1968; Hunt,
2010) and creativity (i.e., Test of Creative Thinking–Drawing
Production/Fluency Production/Originality Production – Urban
and Jellen, 1996; Test of Creative Imagery Abilities – Jankowska
and Karwowski, 2015) observed a consistent pattern that
supports the necessary-but-not-sufficient relationship between
these two constructs. The authors concluded that although
evidence concerning the threshold hypothesis on the creativity–
intelligence relationship is mixed, the “necessary condition
hypothesis” is clearly corroborated by the results of appropriate
tests (see also Karwowski et al., 2017).

In this regard, some studies addressed the issue of the relation
between EI, also referred to as EC, and creativity. One line of
research investigated the relation between psychopathology and
creativity, with contrasting results. Some authors (Andreasen,
1997) found that creative writers and their relatives reported
higher percentages of mood disorders compared to controls.
Others found not consistent relations between mood disorders
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and creativity (Waddell, 1998). In this line, Smith and van
der Meer (1994) found that patients with psychosomatic
disorders who scored higher on standardized measures of
creativity produced a greater range of emotional responses,
while those with a more restricted pattern of emotional
expression scored lower on creativity measures. A study
on healthy undergraduate students reported that self-report
measures of creativity (specifically, emotional creativity) were
not directly related to creative behavior (Ivcevic et al., 2007) but
Sánchez-Ruiz et al. (2011) found that EI related to creativity.
Possibly EI might be a trait that enhances creativity under
specific circumstances, for example when creative activities
require the management of emotion (such as in performing)
or, alternatively, EI might counterbalance mood disorders in
improving creative production (Guastello et al., 2004) because
people who possess this skill are more likely to understand
their psychological difficulties and direct them into something
positive.

In summary, a number of evidences seem to suggest that
creativity correlates with both psychometric intelligence and EC
but, to the best of our knowledge, no study has directly combined
the differential contribution of age, gender, general intelligence,
and EC on creativity. Moreover, educational level is considered
one of the most influent mediators of lifespan trajectories in the
variables considered, thus we included it as a possible predictor
of creativity scores.

The aim of the present study was therefore to investigate
predictors of creativity, both in terms of style and achievement.
In particular, we examined the differential impact of socio-
demographic aspects, such as age, gender, and education, and that
of psychometric intelligence and EI.

Based on previous literature we expected a significant impact
of age and psychometric intelligence on both creativity measures,
with a negative relationship concerning age and a positive one for
IQ. We also expected EI to further contribute to creativity, over
and above intelligence and age. Moreover, we expected gender to
have a different role in the creativity dimensions examined, with
men showing higher achievements and women better creativity
styles.

MATERIALS AND METHODS

Participants
The present study was designed in accordance with the ethical
principles for human experimentation in the Declaration
of Helsinki and with the local ethics committee. All adult
participants signed a written and informed consent form
before the study began. All parents of children involved in the
study gave their written and informed consent. None of the
participants had a history of neurological or psychiatric disease,
which was confirmed during an informal interview carried
out before the test phase. We recruited 376 participants aged
12–88 (aged M = 30.28 years, SD = 19.09 years) constituted
by 152 males and 224 females (age males, M = 29.6 years,
SD = 19.32 years; age females, M = 30.7 years, SD = 18.83 years).
All participants had normal or corrected-to-normal vision. The

sample was selected based on demographic characteristics
(educational level) of the Italian population given by
ISTAT1.

Materials
Creativity Style Questionnaire Revised (CSQ-R;
Kumar et al., 1997)
The questionnaire was developed to measure beliefs and
strategies regarding creativity. Participants responded to each
question on a 5-point Likert scale (ranging from 1 = strongly
agree to 5 = strongly disagree). The questionnaire included 78
items falling into seven subscales: belief in unconscious process
(e.g., creative ideas occur to me without even thinking about
them); use of techniques (e.g., I often let my mind wander to
come up with new ideas), use of other people (e.g., I am at my
creative best when I work alone); final product orientation (e.g.,
I usually have a lot of workable ideas); environmental control
(e.g., I typically have background music when I am engaged
in creative work); superstition (e.g., I have a favorite amulet or
piece of clothing that I wear when I am engaged in creative
work); and use of sense (e.g., I tend to use my sense of touch
in my creative work). Cronbach’s alpha estimated for the seven
scales ranged from 0.45 to 0.81, with a median of 0.74. We
decided to focus on the total score of the CSQ-R, which is
given by the sum of each subscale score, in order to have a
quantitative total score to be used in regression and correlational
analyses.

Creative Achievement Questionnaire (CAQ; Carson
et al., 2005)
The CAQ is a self-report checklist consisting of 96 items, divided
into three parts. Part One lists 13 different areas of talent,
including the 10 domains of artistic and scientific creativity, and
three additional domains: individual sports, team sports, and
entrepreneurial ventures. Part Two lists concrete achievements
in the 10 standard domains of artistic and scientific endeavor
(visual arts, music, dance, creative writing, architectural design,
humor, theater and film, culinary arts, inventions, and scientific
inquiry). The participant is asked to place a checkmark next to
the items describing his or her accomplishments. Each domain
includes eight ranked questions weighted with a score from 0
to 7. Each domain consists of a “no achievement” item with a
weight of zero points (“I have no training or recognized talent in
this area”), a “training” item with a weight of one point (“I have
taken lessons in this area”), and six additional items of ascending
achievement (“I have won a national prize in the fields of science
or medicine”). Part Two yields a separate domain score for each of
the 10 domains of assessed creative achievement as well as a Total
Creative score. Part Three consists of three questions asking the
participant to indicate how others perceive him or her, relative
to creative characteristics. The questionnaire shows a good test–
retest reliability (r = 0.81) and internal consistency reliability
(Cronbach’s alpha = 0.96). We decided to focus only on the total
score of the CAQ.

1http://dati.istat.it/?lang=it
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The Short Profile of Emotional Competence (S-PEC;
Mikolajczak et al., 2014)
The S-PEC is a 20-item tool that measures 10 dimensions,
namely, identification of one’s own emotions (Identification-self;
e.g., When I am touched by something, I immediately know
what I feel); identification of others’ emotions (Identification –
others; e.g., I am good at sensing what others are feeling);
understanding of own emotions, (Understanding – self; e.g., I
do not always understand why I respond in the way I do);
understanding of others’ emotions (Understanding – others; e.g.,
I do not understand why the people around me respond the
way they do); expression of own emotions (Expression – self;
e.g., I find it difficult to explain my feelings to others even if
I want to); listening to others’ emotions (Listening – others;
e.g., Other people tend to confide in me about personal issues);
regulation of own emotions (Regulation – self; e.g., When I
am angry, I find it easy to calm myself down); regulation of
others’ emotions (Regulation – others; e.g., When I see someone
who is stressed or anxious, I can easily calm them down); use
of own emotions (Use – self; e.g., I never base my personal
life choices on my emotions); and use of others’ emotions
(Use – others; e.g., I can easily get what I want from others).
These dimensions have been found to load on two higher-order
factors: intra-personal EI and interpersonal EI, forming together
a single EI score. Participants responded to each question on
a 5-point Likert scale (ranging from 1 = strongly agree to
5 = strongly disagree). The questionnaire showed moderate to
strong correlations between each subscale and the global score
(from 0.38 to 0.69), moderate to strong correlations between
intrapersonal subscales and the intrapersonal factor (from 0.43 to
0.73) and strong correlations between the interpersonal subscales
and the interpersonal factor (0.62–0.74). Intrapersonal EC and
Interpersonal EC were moderately correlated (r = 0.57).

Kaufman Brief Intelligence Test, Second Edition
(KBIT-2; Kaufman and Kaufman, 2005; Bonifacci and
Nori, 2016)
The Kaufman Brief Intelligence Test, Second Edition (KBIT-2) is
a brief, individualized test for measuring verbal and nonverbal
intelligence in children and adults from the ages of 4 years
through 90 years. It has three subtests, two (vocabulary and
riddles) are included in the Verbal IQ score and a Matrices
subtest constitutes the Nonverbal scale. Raw scores are converted
into standardized scores (mean = 100, SD = 15). The internal

consistency, specifically the split-half reliability, for the Verbal
Scale and Composite IQ was high (M = 0.91 and 0.93;
respectively). The split-half reliability for the Nonverbal Scale
decreased to 0.80 s and 0.90 s. The adjusted test-retest reliability
for the Verbal Scale was a mean of 0.91, the mean for the
Nonverbal Scale was 0.83, and the mean for the Composite IQ
was 0.90.

Background Information
Participants were asked to fill out a short questionnaire
concerning socio-demographic information, including questions
on educational level, age and gender. Other questions served to
identify exclusionary criteria, such as questions about physical
impairments. For educational level we considered the years of
education.

Procedure
Participants were recruited through advertisements in adult
education centers and social centers or through local schools
across Italy and they agreed to participate in the study voluntarily.
Exclusionary criteria were physical or psychological disabilities
that would compromise their ability to fill out the battery
described above. Participants took part in the experimental
session individually, filling in the questionnaire and KBIT-2. The
order of tasks presentation was randomized. The experiment
lasted approximately 1 h and 30 min.

RESULTS

The first set of analyses was carried out using the SPSS package
(version 21.0; IBM, United States). First, we performed a bivariate
correlation of the main variables included in the study. In
Table 1 the Pearson indexes are reported. Regarding gender,
we classified male as −1 and female as 1 as suggested by
Howitt and Cramer (2011). Descriptives and t-test results about
gender differences are reported in Table 2. All scores, except
CAQ, were distributed normally (asymmetry between −2 and
+2; Trochim and Donnelly, 2006). CAQ scores were log-
transformed and this allowed to have not-skewed data (Bland
et al., 2013).

Results from the correlation analyses evidenced, in particular,
that Interpersonal, but not Intrapersonal, EC was significantly
related to both creativity style and achievement. The relationship

TABLE 1 | Correlations between demographic variables (age and educational level), emotional competence (intrapersonal and interpersonal), and creativity (style and
achievement).

Age Educational level IQ composite Intrapersonal EC Interpersonal EC CSQ-R score CAQ score

Age — −0.38∗∗ 0.01 0.02 −0.13∗ −0.11∗ −0.20∗∗

Educational level — — 0.15∗∗ 0.03 0.19∗∗ 0.14∗∗ 0.07

IQ composite — — — 0.02 0.07 −0.00 0.14∗∗

Intrapersonal EC — — — — 0.40∗∗ −0.03 0.06

Interpersonal EC — — — — — 0.15∗∗ 0.12∗

CSQ-R score — — — — — — .08

∗p < 0.05 and ∗∗p < 0.01.
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TABLE 2 | Mean and SD values for males and females together with p-values and
effect size (Cohen’s d) referred to gender differences.

Males Females

Mean SD Mean SD t(df 374) p Cohen’s d

Age 29.68 19.33 30.85 18.87 −0.586 0.55 0.06

Educational level 3.07 1.02 3.07 1.03 0.009 0.99 0.00

IQ composite 103.22 14.6 100.9 14.86 1.574 0.11 0.17

Intrapersonal EC 31.65 5.07 32.58 5.35 −1.682 0.09 0.18

Interpersonal EC 32.22 5.67 33.35 5.69 −1.896 0.06 0.20

CSQ-R score 241.69 23.1 242.5 24.7 −0.321 0.75 0.03

CAQ score 6.79 10.45 4.62 4.17 2.797 < 0.05 0.3

between the two components of EC was significant, but with
medium effect size, suggesting that the two dimensions are
not overlapped. Furthermore, IQ was related only to creative
achievements but not to EC and creative style.

Gender Differences
We ran a set of t-tests with gender (males and females) as
independent variable and educational level, EC (intrapersonal
and interpersonal) and creativity (style and achievement) as
dependent variables. Table 2 reports the mean and SD values
together with p-values and effect size (Cohen’s d). The two groups
differed only in CAQ scores, with males reaching higher creativity
achievements compared to females.

Concurrent Predictors of CAQ and
CSQ-R Scores
A path analysis was applied using MPlus software (Muthén and
Muthén, 1998–2010). Path analysis was used to examine the
relationships between the CAQ and CSQ-R scores as dependent
variables and the potential predictors assessed, which included
gender, age, educational level, composite IQ, intrapersonal and
interpersonal EC. Multiple indices were used to evaluate model
fit: Chi-square, the root mean square error of approximation
(RMSEA), the comparative fit index (CFI), the Tucker–Lewis
index (TLI), and the standardized root mean squared residual
(SRMR). A non-significant Chi-square, and TLI and CFI values
equal to or higher than 0.90 indicate an acceptable model fit;
RMSEA and SRMR values close to, respectively, 0.06 and 0.08 or
lower indicate an acceptable fit (Hu and Bentler, 1999).

The model’s fit indexes were the following: χ2(1) = 1.07,
p = 0.3, RMSEA = 0.014 (90 % CI = 0.00, −0.138); CFI = 0.998;
TLI = 0.976; SRMR = 0.008. Considering Hu and Bentler’s
(1999) criteria, the model has good fit indices. The proportion
of explained variance for CAQ and CSQ-R scores was relatively
low (8.5 and 5.1%, respectively).

Figure 1 describes the model fitted to the data obtained,
and it is possible to observe that CSQ-R was significantly
predicted by interpersonal EC and marginally by educational
level (p = 0.058) and intrapersonal EC (p = 0.051). On the other
hand, the CAQ score was significantly predicted by gender, age
and composite IQ.

DISCUSSION

The present study focused on an investigation about predictors of
creative achievements and creative style, and took into account
demographical variables such as age, gender, and educational
level together with measures of psychometric intelligence and EC.

First, we explored correlational patterns amongst the
considered variables. It emerged that IQ, as expected,
was significantly related to educational level, but was not
significantly related to EC, considering both intrapersonal and
interpersonal domains. This reinforces the evidence that these
two constructs are distinct from one another (Mayer et al., 1999).
Furthermore, interpersonal and intrapersonal ECs were found to
be significantly related, although the correlation index (r = 0.40)
reflects a medium effect size, suggesting that the two dimensions
are not overlapped.

In order to evaluate predictors of creative achievements and
creativity style a path analysis was applied.

Considering creative achievements, as measured by the
CAQ questionnaire, path analysis showed that age, gender,
and Composite IQ were significant predictors of creative
achievement. Specifically, younger males, and people with high
IQs were found to have higher achievements in creativity, that is,
they reported to have reached higher outputs in different areas
such as arts, sport, and so on. As far as creative style is concerned,
as measured by CSQ-R, it emerged that interpersonal EC is a
positive predictor of the measure, whereas IQ and gender did not
prove to be significant predictors.

Based on previous literature, these results seem to confirm
that gender is related to creative achievements but not to
creativity styles (Simonton, 1994; Hardy and Gibson, 2015).
In the present study this was also evidenced by the analysis
on gender differences, where males were found to have higher
achievement scores compared to females, but the two groups did
not differ in any other variable considered, including creativity
style. In other words, it seems that women have similar creative
potential to males but differences emerge in the opportunity to
transform this potential into concrete creativity output. Although
only speculative, a possible interpretation of this finding might
be in relation to the acknowledged gender gap within the labor
market (Negrey and Rausch, 2009). This is in line with previous
literature (e.g., Baer and Kaufman, 2008) that suggested a limited
female accomplishment in creative achievements is possibly due
to environmental and/or biological (Abra and Valentine-French,
1991) factors. Future research should extend these findings across
different domains.

In the analysis of the role of demographic differences, age
proved to be a significant predictor of creative achievements
but not of creative style. These data are in line with previous
evidence of a decrease in creative achievements in the elderly
(Zhang and Niu, 2013), possibly associated with diminished
interpersonal competence and cognitive resources, which might
limit the opportunities for older people to translate their creative
style into concrete creative outputs. Another account of this
result regards dedifferentiation in old age (Baltes et al., 1999),
which states that in the elderly creativity is mainly influenced by
common sources. On the other hand, age did not significantly
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FIGURE 1 | Model predicting CAQ and CSQ scores. Arrows represent significant relationships at p < 0.01; missing arrows represent non-signi?cant relationships
(p > 0.05). The arrows above the CAQ and CSQ squares represent the residual variance for the dependent variables. Fit indices are as follows: RMSEA = 0.014
(90% CI = 0.00, –0.14); CFI = 0.998; TLI = 0.976; and SRMR = 0.008.

predict creativity style and this suggests that action should be
taken in order to facilitate the expression of creativity in the
elderly.

Considering the role of EC, results from the present study
suggest that particularly the interpersonal component, and
marginally intrapersonal skills, represents a strong predictor of
cognitive style but not of creative achievements. This is partially
in line with studies that suggest that the openness trait is
one of the most consistent personality predictors of creativity
(e.g., Silvia et al., 2014; Conner and Silvia, 2015; Karwowski
and Lebuda, 2015; Forthmann et al., 2018). In other words,
over and above demographic differences in age, gender and
education and taking into account cognitive skills connected
to intellectual functioning, creative style can be predicted on
the basis of people’s skills in recognizing and managing one’s
own emotions and those of others. Thus, having good skills in
understanding and managing others’ emotions might represent a
crucial skill for developing ideas and unconventional solutions.
Considering a frequently used model to explain creativity called
Knowledge, Skills, Abilities and Other Attributes (the so-called
KSAO model), the present study might help in defining some
aspects. With regards the “Other” category of the KSAO model,
which typically includes personality traits, willingness to take
risks (Schmitt and Chan, 1998; Motowidlo, 2003; Stevens, 2012),
and motivation (Weitz et al., 1986), our results contribute to
better specify the “Other” category by introducing age, gender,
interpersonal EC, and Composite IQ. In other words, intelligence
could be a necessary but-not-sufficient condition of creativity
(e.g., Karwowski et al., 2017).

The design of the present study did not allow to directly
test the threshold hypothesis (Guilford, 1981; Jauk et al., 2013)
concerning the variation in creativity levels across different IQ
levels, but our results suggest that IQ is principally related to
creativity achievements and not to creativity style. In accordance
with previous literature, the results from the present study
suggest that IQ has differential effects on distinct domains of
creativity (Jauk et al., 2013). In particular, better achievements
seem to require higher IQ, possibly because the fulfillment
of creative ideas into concrete outputs requires higher order
cognitive skills that encompass the creativity domain.

The generalizability of the present study might be
restricted by some limitations. First of all, the data on
creativity styles and achievements were collected solely
through behavioral questionnaires, so future investigations
also including the evaluation of creative potential would
be useful. Moreover, although the sample of the study
was relatively large, it did not allow for detailed subgroup
analysis based on individual differences variables. For
example, further research involving a comparison of
predictors across different age ranges would be valuable.
A final consideration concerns cultural background: the
present study was conducted on an Italian population and
it would be intriguing to perform cross-cultural studies
that considered trajectories for cultural mediated traits
such as creativity. Despite these limitations, to the best of
our knowledge this is the first study that puts together the
analysis of demographic differences, intellectual functioning
and EC as predictors of creativity style and achievements.
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In summary, the results of the present study seem to be in line
with some recent functional evidence, which fosters the idea that
creativity arises from a complex interaction between cognitive
skills, individual differences variables and EC. Furthermore, the
study clearly highlighted a differential influence of cognitive,
demographic, and emotional factors on the two distinct domains
of creativity considered: achievements and cognitive style. This
reinforces the idea that creativity is not an all-in-one construct.
Possible implications from the present study could include the
implementation of intervention programs that enhance not only
the cognitive components associated with creative behavior but
also EC and awareness.
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Although a theoretical link between positive schizotypy and heightened creativity has
been established in the literature, little empirical research has been conducted to
examine the underlying cognitive processes that contribute to this association. In
addition, previous studies found a negative relationship between positive schizotypy
and cognitive inhibition; however, they often used the paradigm of latent inhibition.
This study used the paradigm of prepotent response inhibition indicated by Stroop
interference effect and examined the mediation effects of overinclusive thinking (OT)
and cognitive inhibition on the creativity of schizotypal individuals. Two groups of low
and high schizotypal individuals (N = 78) participated in the study. Each participant
completed one OT task, one color-word Stroop task, three other executive functioning
(EF) control tasks, and two creativity tasks. The results indicated that the high schizotypal
group outperformed the low schizotypal group in the creativity tasks. They also exhibited
higher OT as indicated by faster reaction time and higher cognitive inhibition as indicated
by lower Stroop interference effect. Further, participant’s levels of OT and cognitive
inhibition partially mediated the relationship between schizotypy and creativity. The
results were discussed under the context of schizotypy and creativity research and
implications for rehabitation were further provided.

Keywords: creativity, cognitive inhibition, intelligence, overinclusive thinking, schizotypy, shifting, working
memory

INTRODUCTION

The relationship between psychopathology and creativity has been a topic of interest for
researchers over the last five decades (Karlsson, 1970; Hasenfus and Magaro, 1976). Researchers
have consistently suggested that, overall, there is a statistically significant correlation between
the two variables; however, the direction and strength of the relationship depends on many
factors, such as the specific symptoms of psychopathology, measures of creativity, and types
of creativity (Jones et al., 2011; Fink et al., 2014a; Paek et al., 2016; Taylor, 2017). For
instance, some researchers have indicated a negative relationship between the two variables, that
is, less severe symptoms of psychopathology are significantly correlated with higher level of
creativity (Claridge and Blakey, 2009; Barrantes-Vidal, 2014; Fink et al., 2014a). Although other

Frontiers in Psychology | www.frontiersin.org September 2018 | Volume 9 | Article 176634

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2018.01766
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2018.01766
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2018.01766&domain=pdf&date_stamp=2018-09-21
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.01766/full
http://loop.frontiersin.org/people/282170/overview
http://loop.frontiersin.org/people/516118/overview
http://loop.frontiersin.org/people/487234/overview
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-01766 September 19, 2018 Time: 18:45 # 2

Wang et al. Overinclusive Thinking and Inhibition in Schizotypy-Creativity Link

researchers agree with this notion, they further noted that
the two variables has an inverted-U relationship, that is, the
mild expressions of psychopathology may facilitate creativity
but its full symptoms may hinder it (Acar et al., 2018).
Some researchers have demonstrated that people who are
prone to psychosis characterized by delusion, hallucination,
and negative symptoms show more creativity (Heckers et al.,
2013; Fink et al., 2014a). In a recent meta-analysis of 32
studies, researchers have found that the overall mean effect
size of the association between creativity and psychoticism is
small but the large effect size only shows when psychoticism
is measured by the Eysenck Personality Questionnaire and
uniqueness is an indicator of creativity (Acar and Runco,
2012). In addition, researchers showed that the negative
relationship between schizophrenia and creativity becomes
stronger among patients of chronic schizophrenia (Jaracz et al.,
2012; Acar et al., 2018) and when creativity is measured by
semantic or verbal-letter fluency tasks (Acar et al., 2018).
Further, previous studies have revealed that those having
schizophrenia, bipolar disorder, or unipolar depression and
their relatives were overrepresented in creative occupations and
that those with schizophrenia show more artistic and writing
creativity (Kyaga et al., 2011, 2013; Rybakowski and Klonowska,
2011).

Similar to the notion that the relationship between
psychopathology and creativity depends on the symptoms
and severity of psychopathology, researchers have indicated that,
rather than schizophrenia, it is schizotypy1, a personality trait
similar to schizophrenia symptoms but at a diminished level
(Debbane and Mohr, 2015), that explains general creativity2 and
creative performance (Kaufman and Paul, 2014; Fisher, 2015;
Wang et al., 2017). While schizophrenia is a psychiatric disorder,
schizotypy is a psychological construct that is characterized by
the personality traits, such as magical ideation (the propensity to
have non-conventional beliefs and accept causality not culturally
valid), perceptual aberration (the distorted perception of body
and objects), anhedonia, social withdrawal, eccentric behavior,
and odd speech (Schuldberg et al., 1988; Cox and Leon, 1999;
Nelson et al., 2013).Among these characteristics of schizotypy,
magical ideation and perceptual aberration are viewed as positive
schizotypy, whereas anhedonia and social withdrawal are viewed
as negative schizotypy (Chen et al., 1997; Cox and Leon, 1999;
Grimshaw et al., 2010; Rominger et al., 2013). This categorization
is consistent with the previous findings that proneness to
approach-based psychopathologies (e.g., positive schizotypy and
risk of bipolar disorder) are positively related with creativity,
whereas proneness to avoidance-based psychopathologies (e.g.,
anxiety, negative schizotypy,and depressive mood) are negatively
related with creativity (Baas et al., 2016).

A substantial amount of studies has shown that individuals
with higher levels of schizotypal personality traits attain higher
creative achievement and creative performance in assessment

1Schizotypy refers more specifically to positive schizotypy in the paper unless it is
indicated otherwise.
2Creativity in this paper mainly refers to everyday creativity (please see Kaufman
and Beghetto, 2009 for the more details).

tasks. For instance, in one study, visual artists were reported to
score significantly higher than the non-artists in all the measures
of schizotypy and divergent thinking tasks (Burch et al., 2006). In
another study, positive correlations were found in the following
relationships: self-rated creativity and unusual experience aspect
of schizotypy measured by the Oxford-Liverpool Inventory of
Feelings and Experiences (O-LIFE: Mason et al., 1995); creative
personality measured by Creative Personality Scale (Gough,
1979), creative achievement measured by Biographical Inventory
of Creative Behaviors (BICB, Batey, 2007) and impulsive non-
conformity of schizotypy; the total creativity aggregated by
the three measures (self-rated, CPS, and BICB) and unusual
experiences and impulsive non-conformity (Beaty and Furnham,
2008). A more recent study also found that high schizotypal
individuals showed significant advantages over low schizotypal
individuals in both verbal (Alternative Uses Test) and figural
(Figure Completion and Extraterrestrial Drawing) DT tasks
(Wang et al., 2017).

Although the relationship between schizotypal traits and
creative performance seems to be well-established, little research
has directly explored the cognitive underpinnings of the
relationship (Crabtree and Green, 2016). One study examined the
common factors that predispose an individual to both creativity
and psychosis and indicated that overinclusive thinking (OT) and
cognitive inhibition may function as the cognitive link between
schizotypy and creativity (Acar and Sen, 2013). This is in line with
the underlying cognitive process of the dual process model that
has been discussed in the field of creativity. That is, engaging in
creative tasks may involve both automatic or associative process
and effortful or controlled process (Schmajuk et al., 2009; Beaty
et al., 2014, 2016; Edl et al., 2014; Forthmann et al., 2016).
However, to date, very few studies have examined the effects,
particularly mediation effects, of OT and cognitive inhibition, on
the relationship of schizotypy and creativity. The current study
attempts to fill this gap in the literature.

LITERATURE REVIEW

Overinclusive Thinking, Schizotypy, and
Creativity
Overinclusive thinking is usually conceptualized as the inability
to preserve conceptual boundaries and identified as a cognitive
characteristic of individuals with schizotypy who show an over-
responsiveness to associative or irrelevant aspects of words and
extraneous stimuli (Payne and Friedlander, 1962). People with
OT tend to have a broader conceptual boundary. For example,
when answering the questions in categorization tasks, such as
“Are feet vehicles?”, people with OT tend to think of feet
as vehicles based on the fact that feet transport people and
items from one place to another just like vehicles. However,
people without OT would not place feet in the vehicle category
because they believe that wheels are the necessary features of
vehicles (Chiu, 2015). Prior research has also recognized loose
associative processing, or allusive thinking, as a feature of the
cognitive processes of individuals with schizophrenia spectrum
(Meehl, 1990). An empirical study that evaluated predisposing
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factors related to cognitive control further revealed that common
components of positive schizotypy may underlie the disposition
to perceive meaningful coincidences and to engage in loose
associative processing (Rominger et al., 2011). Another study
focusing on the neuropsychological functioning of individuals
with schizotypal traits also indicated that, when compared to the
healthy control group, high schizotypal individuals demonstrated
decreased ability in conceptualization (Kim et al., 2011).

Past research on the nature of creativity has further suggested
that the schizotypal trait of OT may play a fundamental role
in creative cognition (Eysenck, 1993; Mohr et al., 2001). For
instance, the dual process theory of creative cognition indicates
that both associative and executive processes are involved to
produce novel ideas (Mednick, 1962; Benedek et al., 2012b;
Beaty et al., 2014; Forthmann et al., 2016). A study relating
creativity to personality proposed that OT may play a leading
role in creativity during mental searching processes by providing
individuals with more ideas and increasing the possibility of
producing creative ideas (Eysenck, 1993; Mohr et al., 2001).
Another study examining the relationship between divergent
thinking and OT showed that scores on OT measured by
Lovibond’s Object Sorting Test were positively correlated with
originality of divergent thinking tasks, which were a reliable
measure of creativity (Rawlings and Toogood, 1997). Similar to
previous research, the present study employed categorization task
to assess OT in terms of typicality rating and Reaction Time
(RT) for the untypical exemplars. We developed the following
two hypotheses on the relationships among OT, schizotypy, and
creativity:

(1a) The high schizotypy group has significantly higher OT than
the low schizotypy group, as indicated by higher rating
and/or greater RT for untypical exemplars;

(1b) There is a positive correlation between OT and creativity
measured by Alternative Uses Test and an extraterrestrials
drawing task.

Cognitive Inhibition, Schizotypy, and
Creativity
Cognitive inhibitory control ability is a family of functions
with three potentially separable processes—pre-potent response
inhibition (PRI), resistance to distractor interference and
resistance to proactive interference (Friedman and Miyake,
2004). Past studies have consistently reported a positive
relationship between schizotypy and creativity but a negative
relationship between schizotypy and cognitive inhibition (Beech
et al., 1989; Moritz and Mass, 1997; Green and Williams, 1999;
Kaplan and Lubow, 2011). Reduced cognitive inhibition was
further hypothesized to link creativity to schizotypy (Eysenck,
1993; Acar and Sen, 2013; Fink et al., 2014b). However,
the role of cognitive inhibition in the association between
schizotypy and creativity has not yet been confirmed (Green
and Williams, 1999; Crabtree and Green, 2016). This lack of the
effect of cognitive inhibition on the creativity of schizotypical
individuals may be because the positive association between
the two variables has often been explained by reduced latent
inhibition (LI), which refers to the phenomenon of neglecting

target in test stage by rendering it as a distractor in the
pre-exposure stage and represents the difficulty of processing
a target that was previously irrelevant. It is reflected in the
longer RT to pre-exposed target than to non-pre-exposed
target. For example, serves as a distractor in pre-exposure
stage and transforms to a target in the test stage, then
RT to is slower than to novel target (Lubow et al.,
2000).

However, some researchers have argued that the association
between schizotypy and creativity may be more related to PRI
indicated by Stroop interference effect because it is the active
inhibition of pre-potent response (Friedman and Miyake, 2004),
whereas LI, as the automatic resistance to proactive interference,
does not give rise to awareness (Höfer et al., 1999). Stroop
interference effect is indicated by slower RT to a task-incongruent
stimulus (word: red; font color: green; task: name font color)
than to a task-congruent stimulus (word: green; font color:
green; task: name font color) (Edl et al., 2014). For this reason,
PRI measured by Stroop interference effect was employed as
the paradigm in the current study to conceptualize cognitive
inhibition. Given schizotypy was related with reduced Stroop
interference effect (Green and Williams, 1999) and Stroop
interference effect was positively related with LI (Kaplan and
Lubow, 2011), high level of cognitive inhibition is shown in
reduced Stroop interference effect rather than lower level of LI
in the current study.

Although some studies reported that inhibitory control
hinders creative performance (Benedek et al., 2012a, 2014;
Radel et al., 2015), other studies suggested that engaging in
creative problem solving process requires the inhibition of
past inappropriate ideas inducing fixation phenomena (Cassotti
et al., 2016). Several studies have also revealed a positive
association between reduced Stroop interference effect and
creativity. For instance, reduced Stroop interference effect was
positively correlated with enhanced verbal originality and fluency
measured by the Torrance Test of Creative Thinking (Edl et al.,
2014). The Stroop interference effect, which was considered a
reversed indicator of inhibition, was also found to positively
predict creative performance measured by divergent thinking
tasks in a latent variable modeling study (Benedek et al.,
2014). These findings imply that cognitive inhibition might
suppress the interference of prominent ideas during the process
of creating original ideas or products (Benedek et al., 2014).
Based on the literature review, we made the following two
hypotheses:

(2a) The high schizotypy group has higher cognitive inhibition
than the lower schizotypy group, as indicated by reduced
Stroop interference effect;

(2b) There is a positive correlation between cognitive inhibition
measured by reduced Stroop interference effect and
creativity.

Furthermore, according to the two sets of hypotheses
mentioned earlier, we also hypothesized that OT and cognitive
inhibition mediate the relationship between schizotypy and
creativity.
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MATERIALS AND METHODS

Participants
Participants were selected from a subject pool consisting of
388 students from two colleges in Shanghai, China by using
the Chinese version of Schizotypal Personality Questionnaire
(SPQ) (Raine, 1991; Chen et al., 1997). Those who had personal
history of mental disorders, neurological disorders, head trauma,
and drug abuse and dependence were excluded from the study.
Following several previous researchers (Meehl, 1990; Abraham
and Windmann, 2008; Bedwell et al., 2011; Fink et al., 2014b;
Chan et al., 2016; Koychev et al., 2016), we used categorical
sampling approach and selected the high and low schizotypy
participants based on the 10% base rate of schizotypy in the
general population. More specifically, participants whose total
scores on the SPQ fell into top tenth percentile were recruited
as high schizotypy group and participants whose total scores on
the SPQ fell into lowest tenth percentile were recruited as low
schizotypy group (see Table 1 for descriptive statistics of total
SPQ and three SPQ factors in high schizotypy and low schizotypy
groups). It may be more likely to detect the effect of schizotypy
on creativity by using categorical sampling approach because “the
maximum schizotypy effect would be achieved using a design that
compares low and high schizotypes” (Koychev et al., 2016, p. 1).
A global score of schizotypy was employed, following previous
studies on schizophrenia that used the same practice (Abraham
et al., 2007; Jones et al., 2011; Oertel-Knochel et al., 2013; Lui et al.,
2016; Wang et al., 2017).

In the final sample, there were 37 participants in the high
schizotypy group, with 34 being female and 3 being male. The
mean age of this group was 21.54 (SD = 1.33) and the mean
education year was 14.14 (SD = 1.38). There were 41 participants
in the low schizotypy group, with 35 being female and 6 being
male. The mean age of this group was 21.73 (SD = 1.45) and
the mean education year was 14.12 (SD = 1.36). There were
no significant differences between two groups in terms of age
[t(76) = 0.61, p = 0.55], gender [X2

(1) = 0.26, p = 0.61], and years
of education [t(76) = 0.05, p = 0.96]. In addition, participants
all reported normal color vision and normal or corrected-to-
normal acuity before testing without taking drug or coffee. These
participants formed a homogeneous sample because they had
similar age, education background, and major, which minimizes
the individual differences that are independent of schizotypy.

Measures
Schizotypal Personality Questionnaire
The 74-item SPQ is one of the schizotypy self-report
questionnaires that have been most extensively used in the
field (Abraham and Windmann, 2008). This questionnaire
was originally developed based on the criteria for schizotypal
personality disorders that were specified in the Diagnosis
and Statistical Manual of Mental Disorder (Revised 3rd
Edition, DSM-III-R, Raine, 1991). It uses binary true/false
format and assesses all the nine schizotypal traits that are
contained in cognitive-perceptual (called as positive schizotypy),
interpersonal (called as negative schizotypy), and disorganization

factors. Some example items are “Do you ever suddenly feel
distracted by distant sounds that you are not normally aware
of?”, “Are your thoughts sometimes so strong that you can
almost hear them?”. It was adapted by Chinese researchers (Chen
et al., 1997) and has been used in Chinese context over the past
two decades with good reliability and validity evidence. The
reliability of the questionnaire in the current study was high
(Cronbach’s α = 0.92).

Cognitive Inhibition
As mentioned earlier, PRI indicated by reduced Stroop Inference
effect was used in the study as the paradigm of cognitive
inhibition. The Stroop task was adapted from Bailey et al.’s
(2010) study. Congruent [e.g., Chinese character for “red” ( )
in red] and incongruent [e.g., Chinese character for “red”( )
in green] color-words or strings of four Xs in colors red, blue,
green or yellow were presented as stimuli at the center of the
computer screen on a black background. The implementation
of the Stroop task included three phases: key-mapping, practice,
and test phase. The key-mapping phase included 40 trials with
strings of four Xs as stimuli (10 trials for each color). During
this phase, participants were instructed to verify the color of the
stimulus as quickly and correctly as possible by pressing the key
mapped to the color of the stimuli. The practice phase consisted
of 12 congruent and 12 incongruent trials with color-words as
stimuli. The test phase consisted of four blocks of 72 trials with
color-words as stimuli. Each block included 36 congruent and
36 incongruent stimuli. The congruent and incongruent stimuli
were pseudo-randomized in both practice and test phrases. When
the participants gave press response, a trial was terminated.
Incorrect response was given a feedback for 1000 millisecond
(ms) and correct response was followed by a blank screen of
500 ms to ensure a high degree of Accuracy (ACC). The response,
response time (RT), and ACC were recorded3. The test–retest
reliability coefficients of the color-word Stroop were adequate: RT
(0.86), interference effect (0.68).

Executive Functioning
Participants’ executive functioning (EF) was considered control
variable in the study and included working memory capacity,
shifting ability, and reasoning ability.

Working memory capacity
Working memory capacity was assessed by an operation span
task that was adapted from Lin and Lien (2013). In this task, a
set of equation-word pairs was presented on computer screen
one by one. Participants were required to verify a simple math
equation [e.g., (9/3) + 3 = 6] by pressing button (“1” for correct,
“0” for wrong) while memorizing a two-character Chinese word
[e.g., “ ” (Information)]. Each equation-word pair remained
on screen either until a verification response was given or
for a maximum of 5 s. In order to ensure a high ACC, a
feedback for 1 s was given after each response. At the end

3The false responses were not removed in this study. However, we analyzed the
data removing the false responses based on the criterion of 3 standard deviations
above/below the mean and the results remains the same as those not removing the
false responses.
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TABLE 1 | Descriptive statistics of SPQ in the low and high schizotypy groups.

SPQ SPQ SPQ SPQ

total Cognitive-Perceptual Interpersonal Disorganization

Mean Minimum Mean Minimum Mean Minimum Mean Minimum

(SD) (Maximum) (SD) (Maximum) (SD) (Maximum) (SD) (Maximum)

Low schizotypy 6.22 (2.42) 0 (9) 3.22 (1.88) 0 (8) 2.10 (1.73) 0 (7) 1.27 (1.16) 0 (6)

High schizotypy 44.95 (6.25) 38 (69) 20.35 (3.77) 10 (29) 18.46 (4.64) 8 (31) 10.38 (3.42) 5 (18)

of each trial, participants were instructed to write down all
the words presented in the whole trial on the computer. For
instance, if there were four equation-word pairs in a trial, the
participants would verify the equation and memorize the word
from each pair concurrently and then write down the four
words at the end of the trial. After practicing on three trials
at a set size of 3 (i.e., three equation-word pairs), participants
acted upon experimental trials at a set size from 2 to 7. There
were three trials at each set size. If the participants could not
accurately recall all the words for more than two trials at any
given set size when correct equation verification was required,
the test would stop. The highest set size accomplished by
participants indicated the level of working memory capacity. The
test–retest reliability for the operation span task was adequate
(r = 0.77).

Shifting ability
Shifting ability in EF was assessed by number-letter task that
was adapted from Miyake et al. (2000). A number-letter pair
(e.g., 3E) was displayed in one of four quadrants on computer
screen. The participants were required to judge whether the
number in the pair was odd or even (3, 5, 6, and 9 for odd;
2, 4, 6, and 8 for even) when the pair was displayed in left or
right upper quadrant. They were also required to judge whether
the letter in the pair was a consonant or vowel (A, E, I, and
U for vowel; G, K, M, and R for consonant) when the pair
was displayed in left or right lower quadrant. The number-
letter pair was displayed only in the two upper quadrants for
the first block of 32 trials, only in the two lower quadrants
for the second block of 32 trials, and in a clockwise rotation
around all four quadrants for the third block of 128 trials. Ten
practice trials were employed in the first and second blocks
and 12 practice trials were used in the third block. Thus, the
trials within the first and second blocks required no mental
shifting, while half of the trials in the third block required the
participants to shift between two types of operation (“number” or
“letter”). The participants responded by pressing button “D” for
“odd,” “F” for “even,” “J” for “vowel,” and “K” for “consonant.”
To enhance ACC, there was a fixation for 500 ms before each
response and a feedback for 800 ms after each response. The
shifting ability was scored by the difference between the average
RT of the trials in the third block that required a mental shift
(trials from the upper left and lower right quadrants) and the
average RT of the trials from the first two blocks that required no
shift. The smaller the difference is, the better the shifting ability.
The internal reliability estimate for the number-letter task was
excellent (r = 0.91).

Reasoning ability
Reasoning ability was measured by Raven Advanced Progressive
Matrics (RAPM), a non-verbal intelligence test. Only 18 out of
36 items were employed in the study, which were all the odd
items in the test (Nusbaum and Silvia, 2011). All the items were
presented in black ink on white background and ordered by the
level of difficulty, with the easiest item being placed at first and
the most difficult item being placed at last. The participants were
required to identify the missing element to complete a pattern.
They worked on 18 reasoning items for 12 min. The number of
correctly answered items was the final score of each participant.
The internal reliability estimate for RAPM was good (r = 0.87).

Overinclusive Thinking
Overinclusive thinking was assessed by a categorization task
that was adapted from Chiu (2015). Typical and untypical
exemplars of clothing category and vehicle category were used as
stimuli in the task. Three typical and three untypical exemplars
were included in each category. The clothing category included
typical exemplars (i.e., suit, shirt, and pants) and untypical
exemplars (i.e., ring, purse, and cane). The vehicle category
also included typical exemplars (i.e., train, automobile, and bus)
and untypical exemplars (i.e., camel, feet, and elevator). Each
exemplar was presented on the computer screen consecutively
until the participants gave a response. The participants were
required to rate the typicality of exemplars on a 10-point Likert
scale by pressing the corresponding number key, in which 0
indicated “definitely does not belong to the clothing (or vehicle)
category” and 9 indicated “definitely belongs to the clothing (or
vehicle) category.” The typicality rating and RT for each exemplar
were recorded. The level of OT was indicated by the average score
of typicality rating and RT for untypical exemplars of clothing
and vehicle category (Chiu, 2015). Individuals with high OT were
expected to have higher typicality rating or faster RT for untypical
exemplars.

Creativity
Creativity was measured by multiple approaches because
previous research showed that multiple ways of measuring
creativity yield better results (Long, 2014a). First, participants’
verbal divergent thinking was assessed by Alternate Uses Test
(AUT), a widely employed divergent thinking task (Beaty et al.,
2014; Hao et al., 2014b). Although divergent thinking ability
is not synonymous to creativity, divergent thinking tasks have
been long employed to measure the originality and fluency of
ideation (Runco, 1991; Long, 2014a; originality is preferred as an
indicator of creativity because it has a conceptual relationship
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with standard definition of creativity, Forthmann et al., 2017).
Participants were required to write down as many original uses
as possible for four everyday objects (i.e., tire, barrel, pencil, and
brick) within 3 min for each task. The creativity of the ideas
generated from the AUT tasks were measured by originality and
fluency (Guilford, 1967). Originality scores were assessed with
subjective scoring method based on the Consensual Assessment
Technique (CAT) (Amabile, 1982) because individuals usually
have various interpretations for originality and how to score it is
somewhat subjective (Long, 2014b). Each response was rated on
a 5-point scale (1 = “Not original at all” 5 = “Highly original”)
(Hao et al., 2014a) by six trained raters. The final originality
score of each response was the mean of the six ratings. The
originality of each task was the mean of the total originality scores
of all the responses. The interrater reliability of the originality
scores in the AUT tasks was satisfactory (Cronbach’s α = 0.70).
Fluency scores were indicated by the total number of responses
given by the participants for each AUT task. The originality
and fluency scores of the four AUT tasks were averaged for
every participant. The inter-rater reliability for AUT tasks were
excellent (r = 0.88).

Participants’ creativity was also measured by extraterrestrials
task that was developed by Ward (1994) aiming to tap the
ability of breaking the boundaries of established concepts to
create original products. Participants were given 20 min to
draw imagined extraterrestrial creatures from front and side,
respectively, and to briefly describe the drawings. They were
told in the instruction that the extraterrestrial animals living on
another planet were supposed to be different from the creatures
on the Earth, so they can draw the creature as original as possible.
Participants were also asked to report whether they had previous
training on drawing and no significant difference was found
between the two groups [t(76) = 0.14, p = 0.89].

Participants’ drawings were assessed by two aspects: difference
and originality. The difference score reflected the number of
major differences between the extraterrestrial creatures drawn by
participants and typical Earth creatures. The coding procedures
of difference were in accordance with the approach of previous
studies (Ward et al., 2004; Abraham and Windmann, 2008).
Two coders assessed the difference by coding the presence or
absence of five attributes in the drawings: bilateral symmetry,
typical appendages (leg, arm, wing, and tail), typical sense
organs (eye, mouth, nose, and ear), unusual appendages, and
unusual sense organs. The presence or absence of any of
the former three attributes was given a score of 0 or 1,
and the presence or absence of either of the latter two
attributes was given a score of 1 or 0. More specifically, the
use of bilateral symmetry, one or more of the four typical
appendages, and one or more of the four typical sense organs,
was scored 0. For instance, an appendage was considered
unusual and scored 1 if it contained atypical number (e.g.,
three legs), had extraordinary function (e.g., respiration with
leg), or non-existent for Earth creatures (e.g., wheels). A sense
organ was considered unusual and scored 1 if it contained
atypical number (e.g., one eye), had fantastical function (e.g.,
sensing temperature up to 5 kilometers away), non-existent
for Earth animals (e.g., built-in memory bank), or had odd

arrangement of the sense organs (e.g., nose on the belly).
The final difference score of the drawings ranged from 0 to
5. The final rating score was used when both coders were
in agreement. When the two raters were not in agreement
(less than 2% of all observations in the study), a third
coder was consulted and the majority of the rating was
used.

Originality score of the drawing was rated on a 7-point
scale (Ward et al., 2004; Hao, 2010) (1 = ”Not at all original”
7 = “Highly original”) by five trained raters based on the
Consensual Assessment Technique (CAT) (Amabile, 1982). The
originality scores provided by five raters were averaged for every
participant. The interrater reliability of the originality scores was
satisfactory (Cronbach’s α = 0.84).

Procedure
This study was approved by the IRB of the university where the
study was conducted. Written informed consents were obtained
from participants prior to the study. A few weeks before the study,
potential participants completed SPQ and the final sample of the
participants were selected based on the results of SPQ. All the
selected participants took part in the study in a group of 5–10
individuals in a quiet classroom. They were instructed to work
on the Stroop task, Operation Span task, Number-letter task,
Categorization task, Alternative uses test (AUT), Extraterrestrial
animal task, and RAPM consecutively. This order was employed
to minimize the effects of fatigue on RT and ACC in the first three
tasks. The Stroop task, Operation Span task, Number-Letter task,
and Categorization task were programmed in E-Prime software
on computer. The response, RT and ACC were directly recorded
in the computer. All of the other tasks were completed by using
paper-and-pencil tests. The whole process lasted for 90 min.
After the completion of the study, the participants were debriefed
and rewarded 40 RMB (or about 6 dollars) as compensation.
In order to be consistent, the protocol for the two groups was
identical, and the administrations of the creativity assessment
were performed by the same researchers.

Data Analysis
All the statistical analyses were performed in IBM SPSS Version
24. Independent sample t-test and analyses of variance (ANOVA)
were used to compare group differences in creativity indices,
OT, and executive function tasks. Pearson correlation coefficients
were used to examine the correlation between creativity indices
and performance on OT and executive function tasks in the entire
sample. Two mediation analyses were run for the effect of OT
and cognitive inhibition on the relationship between schizotypy
and creativity. The approaches to establish mediation suggested
by Hayes (2009), including regression and bootstrapping, were
used.

RESULTS

Means and standard deviations (SDs) of creativity tasks, OT
task, cognitive inhibition, and other executive function tasks are
presented in Table 2.
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TABLE 2 | Descriptive statistics of creativity, overinclusive thinking, cognitive inhibition, and executive functioning tasks in the low and high schizotypy groups.

Task Low schizotypy High schizotypy t(76) p

n = 41 n = 37

M (SD) M (SD)

AUT originality 2.43 (0.26) 2.55 (0.26) −2.01 0.048

AUT fluency 5.84 (2.67) 7.07 (3.04) −1.90 0.062

Extraterrestrials difference 1.32 (0.97) 2.00 (1.08) −2.92 0.005

Extraterrestrials originality 4.02 (1.15) 4.64 (1.05) −2.46 0.016

Categorization RT: typical 2.31 s (1.01) 2.36 s (1.17) −0.18 0.858

Categorization RT: untypical 3.58 s (1.81) 2.79 s (1.19) 2.26 0.027

Categorization Rating: typical 8.85 (0.35) 8.76 (0.40) 0.99 0.327

Categorization Rating: untypical 3.51 (1.83) 3.80 (1.90) −0.67 0.503

Stroop RT: congruent 876.07 ms (220.25) 830.50 ms (237.91) 0.88 0.382

Stroop RT: incongruent 1034.6 ms (289.71) 934.01 ms (236.62) 1.67 0.099

Stroop interference effect 158.53 ms (92.17) 103.52 ms (61.64) 3.06 0.003

Stroop ACC 0.95 (0.04) 0.96 (0.02) −2.31 0.024

Number-letter RT 491.15 ms (298.77) 419.51 ms (267.12) 1.14 0.257

Number-letter ACC 0.96 (0.04) 0.96 (0.04) −0.34 0.732

Operation span 4.00 (0.78) 3.81 (0.94) 0.98 0.333

RAPM 10.78 (2.62) 11.30 (2.57) −0.88 0.383

AUT, Alternative Uses Test; RT, Reaction Time; ACC, accuracy; RAPM, Raven Advanced Progressive Matrix (intelligence); Categorization, Overinclusive Thinking; Number-
letter, shifting ability; Operation span, working memory capacity.

Group Differences in Creativity Tasks
The results indicated that high schizotypy group scored
significantly higher in originality of AUT [t(76) = 2.01, p = 0.048,
Cohen’s d = 0.46] and marginally significantly higher in fluency
of AUT [t(76) = 1.90, p = 0.062, Cohen’s d = 0.43] than
the low schizotypy group. In addition, the high schizotypy
group exhibited significantly higher scores on difference of
extraterrestrials task [t(76) = 2.92, p = 0.005, Cohen’s d = 0.66] and
originality of extraterrestrials task [t(76) = 2.46, p = 0.016, Cohen’s
d = 0.56] than the low schizotypy group.

Group Differences in OT Task
Repeated measures ANOVA was employed to assess group
differences in RT and rating of categorization task, with between
subjects factor being group (low vs. high schizotypy group)
and within subjects factor being typicality (typical vs. untypical
exemplars). The results showed that the main effect of group on
RT of the categorization task was non-significant [F(1,76) = 2.37,
p = 0.128, η2

p = 0.03]. However, there was a main effect of
typicality on the RT of the categorization task [F(1,77) = 21.60,
p < 0.001, η2

p = 0.22], and participants responded faster to typical
exemplars (M = 2.33 s, SD = 1.08 s) than to untypical exemplars
(M = 3.20 s, SD = 1.59 s). More notably, there was a significant
interaction of group and typicality on RT of categorization task
[F(1,76) = 5.28, p = 0.024, η2

p = 0.07]. The interaction indicated
that the high schizotypy group responded faster for untypical
exemplars (M = 2.79 s, SD = 1.19 s) than the low schizotypy group
(M = 3.58 s, SD = 1.81 s), while there were no significant group
differences for typical exemplars (see Figure 1).

In addition, there was a main effect of typicality on rating of
categorization task [F(1,153) = 571.38, p < 0.001, η2

p = 0.88], and
participants rated higher for typical exemplars than for untypical
exemplars. The main effect of group on rating of categorization

FIGURE 1 | RT in seconds for untypical vs. typical exemplars in categorization
task in low and high schizotypy groups.

task was not significant [F(1,153) = 0.22, p = 0.643, η2
p = 0.003], and

the interaction between group and typicality was not significant
[F(1,76) = 0.72, p = 0.398, η2

p = 0.01].

Group Differences in Cognitive Inhibition
and Other Executive Functioning Tasks
Concerning cognitive inhibition, repeated measures mixed effects
ANOVA was employed to assess group differences in RT and
ACC of Stroop interference task, with between subjects factor
being group (low vs. high schizotypy group) and within subjects
factor being congruence (congruent vs. incongruent trials). The
results showed that there was no significant main effect of group
on RT of Stroop task [F(1,76) = 1.73, p = 0.192, η2

p = 0.02].
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FIGURE 2 | RT in milliseconds for congruent vs. incongruent trials in Stroop
task in low and high schizotypy groups.

However, there was a main effect of congruence on RT of
Stroop task [F(1,77) = 196.72, p < 0.001, η2

p = 0.74]. This
indicates a significant Stroop interference effect in that RT was
slower for incongruent trials (M = 986.88 ms, SD = 268.95 ms)
than incongruent trials (M = 854.45 ms, SD = 228.45 ms).
More importantly, there was a significant group and congruence
interaction on RT of Stroop task [F(1,76) = 9.39, p = 0.003,
η2

p = 0.11]. Specifically, the high schizotypy group responded
faster for incongruent trials (M = 934.01 ms, SD = 236.62 ms)
than the low schizotypy group (M = 1034.6 ms, SD = 289.71 ms),
while there were no significant group differences in congruent
trials (see Figure 2).

For ACC of Stroop interference task, significant main effect of
congruence was observed [F(1,77) = 150.47, p < 0.001, η2

p= 0.66]
in that there was lower ACC for incongruent trials (M = 0.94,
SD = 0.04) than for congruent trials (M = 0.97, SD = 0.03).
Moreover, there was a significant main effect of group on ACC
of Stroop task [F(1,76) = 5.40, p = 0.023, η2

p = 0.07] and there was
higher ACC in high schizotypy group (M = 0.96, SD = 0.02) than
in low schizotypy group (M = 0.95, SD = 0.04). However, there
was no significant interaction between group and congruence
on ACC of Stroop task [F(1,76) = 0.65, p = 0.42, η2

p = 0.01].
In addition, there were no significant differences between low-
and high-schizotypy groups in RT of number-letter task that
measures shifting ability [t(76) = 1.14, p = 0.257, Cohen’s d = 0.26],
ACC of number-letter task [t(76) = 0.34, p = 0.732, Cohen’s
d = 0.08], working memory capacity [t(76) = 0.98, p = 0.333,
Cohen’s d = 0.21], and intelligence [t(76) = 0.83, p = .407, Cohen’s
d = 0.19].

Mediation Effects of OT and Cognitive
Inhibition Between Schizotypy and
Creativity
According to the results of Pearson correlation coefficients
among the variables (see Table 3), RT of categorization for

untypical exemplars was negatively correlated with originality
of AUT (r = −0.29, p = 0.010). The rating of categorization
for untypical exemplars was positively correlated with fluency of
AUT (r = 0.27, p = 0.016) and difference of extraterrestrials task
(r = 0.27, p = 0.019). These results indicated that OT scores tended
to be higher for more creative individuals. In contrast, the Stroop
interference effect was negatively correlated with the originality
of extraterrestrials task (r = −0.24, p = 0.037). This indicated
that Stroop interference tended to be low and cognitive inhibition
tended to be high for more creative individuals.

Three linear regressions and bootstrapping using Hayes macro
PROCESS were further performed to establish mediation. In
the PROCESS, a Bootstrap sample of 5,000 and Bias Corrected
method were used to derive confidence interval for indirect
effects. The regression results showed that the outcome variable,
originality of AUT, was regressed on the predictor, schizotypy,
and the path (Path C1) was significant (β = 0.21, p = 0.048)
(see Figure 3). The relationship (Path A) between the predictor
and mediator variable (i.e., OT) was significant (β = −0.25,
p = 0.027), so was the relationship (Path B) between the mediator
and outcome variables (β = −0.26, p = 0.028). Finally, when
the outcome variable, originality of AUT, was regressed on both
schizotypy and OT, the prediction effect of schizotypy (Path
C2) became non-significant (β = 0.15, p = 0.202). Because the
original regression coefficient reduced from 0.21 to 0.15, OT
only partially mediated the relationship between schizotypy and
originality of AUT. The standardized indirect effect of schizotypy
on creativity via OT was significant, with the effect size being.03
[95% CI = 0.003,0.085].

The same analysis was used to assess the mediation effect
of cognitive inhibition (i.e., Stroop interference effect) between
schizotypy and creativity. Similar results were found, showing
that cognitive inhibition partially mediated the relationship
between schizotypy and originality of extraterrestrials task.
However, the mediation role of the rating of categorization
for untypical exemplars was not found because there was no
significant difference between low and high schizotypy group
in this variable. The standardized indirect effect of schizotypy
on creativity via cognitive inhibition was significant, with the
effect size being larger (0.18) than the effect of OT [95%
CI = 0.029,0.471].

DISCUSSION

The current study examined the relationship among schizotypy,
creativity, OT, and cognitive inhibition ability and found that
high schizotypal individuals performed better on creativity tasks
and had higher OT and cognitive inhibition. In addition,
higher creativity was correlated with higher OT and cognitive
inhibition. More notably, OT and cognitive inhibition partially
mediated the relationship between schizotypy and creativity.
These findings support our hypotheses on the relationships
among these variables.

The study showed that high schizotypal individuals had
higher OT as indicated by faster RT of typicality rating for
untypical exemplars in categorization task. This suggests that
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TABLE 3 | Correlations between overinclusive thinking, cognitive inhibition, executive functioning, and creativity measures.

1 2 3 4 5 6 7 8 9 10 11 12

(1) AUT Originality

(2) AUT Fluency 0.03

(3) Extrat Difference −0.01 0.221

(4) Extrat Originality 0.06 0.21 0.38∗∗

(5) Categor. RT : untypical −0.29∗ −0.07 0.02 −0.11

(6) Categor. Rating : untypical 0.11 0.27∗ 0.27∗ 0.16 −0.07

(7) Stroop inter. effect −0.18 −0.13 −0.01 −0.24∗ −0.00 0.04

(8) Stroop ACC −0.03 −0.12 −0.04 0.06 0.16 0.08 −0.21

(9) Number-letter RT 0.13 −0.01 0.01 0.10 0.08 0.02 0.15 −0.14

(10) Number-letter ACC −0.05 −0.15 −0.06 0.10 0.23∗ 0.01 0.12 0.61∗∗ 0.11

(11) Operation span 0.05 0.11 0.11 −0.14 0.07 0.11 0.04 0.16 0.27∗ 0.00

(12) RAPM 0.21 0.01 0.17 0.14 0.05 0.08 −0.26∗ 0.08 −0.23∗ 0.00 0.27∗

∗p < 0.05. ∗∗p < 0.01. Extrat., Extraterrials; Categor., Categorization; AUT, Alternative Uses Test; Extraterrials, creativity task; Categorization, Overinclusive Thinking task;
Stroop, cognitive inhibition task; Number-letter, shifting ability task; Operation span, working memory capacity task; RAPM, intelligence task.

FIGURE 3 | Mediation effects of overinclusive thinking, cognitive inhibition between schizotypy and creativity.

high schizotypal individuals displayed advantages in automatic
creative thinking process. This result is in line with previous
findings. For example, Gianotti et al. (2001) found that
individuals with high paranormal belief scores spent less
association latency when generating words semantically related
to given word pairs. Mohr et al. (2001) also reported that high
schizotypy group measured by magical ideation were more likely
to rate closer semantic relationship for unrelated or indirectly
related word pairs than the low schizotypy group, which implies
that high schizotypal individuals have the capacity of broadening
conceptual boundary as reflected by higher OT.

The study also demonstrated that OT tended to be higher
for individuals with more creative performance as indicated
by originality and fluency of AUT as well as difference of
extraterrestrials task. This positive association may be because
OT, as a type of remote association ability, enabled individuals
to produce a connection between remote semantic networks,
thus, generating more original ideas (Mohr and Claridge, 2015).
Moreover, individuals with better AUT performance showed
faster judgment for the relatedness of the concepts and this speed
advantage may contribute to the concept selection, which results
in creative ideation (Vartanian et al., 2009).

The study further revealed that high schizotypal individuals
tended to have higher cognitive inhibition as indicated by
reduced Stroop interference effect. That is, higher cognitive
inhibition was positively correlated with better creativity

performance. This suggests that high schizotypal individuals
are more likely to engage in the effortful/controlled creative
thinking process. These results further replicate some of the
previous studies. For instance, higher cognitive inhibition
leads to higher creative performance in problem solving
(Cassotti et al., 2016) and higher cognitive inhibition indicated
by lower Stroop interference effect were positively correlated
with better originality and fluency of creativity scores obtained
from Torrance Tests of Creative Thinking (Edl et al., 2014). The
reduced Stroop interference effect found in the study may be
explained by the reduction in the effect of the regularities of the
past experiences on the current perception, a mechanism called
dissociation information process (Hemsley, 1993).

The results of this study further showed that other executive
functions, including shifting ability, working memory capacity,
and intelligence, were not significant predictors of creativity
of high schizotypal individuals. However, they may serve as
protective factors for these individuals so that they become
people with creative potential rather than those with psychosis.
This notion finds support from a previous review on shared
vulnerability model of creativity and psychopathology, which
suggested that highly creative individuals are protected by
factors such as intelligence, working memory, and cognitive
flexibility to make enlarged stimuli in conscious awareness that
is manipulated and combined to generate unique ideas (Carson,
2011).
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The most interesting findings of the current study were
the partial mediation effects of OT and cognitive inhibition
on the relationship between schizotypy and creativity. It is
noted that better performance on AUT required the retrieval
and combination of distantly related information (Fink et al.,
2014b). Therefore, individuals with high OT might benefit
from loose conceptual boundary and activate remote concepts
when working on AUT. This mediation effect of OT on
creativity also confirms the findings of a recent study, which
indicated the increase of participants’ originality and fluency in
the Torrance Creative Thinking Test after a training on OT
(Chiu, 2015). Ward’s (1994) study also found that participants
tend to generate imagined creatures with typical properties
of animals on the Earth after the prompt of structured
imagination. However, cognitive inhibition might supervise
the originality of generated ideas and exclude common ideas
(Beaty and Silvia, 2012; Edl et al., 2014). Thus, individuals
with high cognitive inhibition could suppress the ordinary
responses and retain the unique ones that are produced in
creativity tasks. Therefore, high schizotypal individuals who have
higher cognitive inhibition could override the existing category
knowledge of the Earth creatures to produce more original
extraterrestrials than did low schizotypal individuals (Ward,
1994).

The partial mediation effects of both OT and cognitive
inhibition on the relationship between schizotypy and
creativity further suggest that both cognitive processes,
automatic/associative and effortful/controlled processes
are involved in creativity performance of high schizotypal
individuals. The results lend support for the dual process
of creative thinking that highlights the important roles of
these two processes in creative cognition (Allen and Thomas,
2011; Beaty et al., 2014, 2016). However, these two underlying
processes may perform differently in specific stages and contexts
of creative thinking (Allen and Thomas, 2011; Cheng et al.,
2016). The automatic/associative process may drive response
generation and problem searching, while effortful/controlled
process may work on response evaluation and solution refining
(Allen and Thomas, 2011; Beaty et al., 2016). Because AUT
predominantly relies on idea generation (Radel et al., 2015), it
might not be surprising to find that OT partially mediated the
effect of schizotypy on creativity assessed by AUT. However,
on the other hand, extraterrestrials task might require more
response evaluation than response generation. Therefore,
participants have to suppress the existing mental representation
and category properties of Earth creatures when instructed to
produce unique extraterrestrials that were different from Earth
creatures (Ward, 1994). Moreover, individuals were more likely
to employ automatic/associative process when completing tasks
in a constrained length of time (Evans and Curtis-Holmes,
2005; Allen and Thomas, 2011). Because this study provided
relatively longer time for extraterrestrials task (20 min) than
for AUT (3 min), high schizotypal individuals might employ
a more effortful/controlled process in extraterrestrials task
than in AUT. This could avoid the “path of least resistance”
(i.e., generate highly accessible ideas with least possible effort)
and lead to a lower level of originality (Nijstad et al., 2010).

However, this may also be related to the effect of speededness
as recent studies have confirmed that less creative ideas
were generated under the speeded condition and that the
speededness is a significant predictor for mental speed shown in
divergent thinking tasks (Preckel et al., 2011; Forthmann et al.,
in press).

There are a couple of limitations in the current study.
First, the study only focused on two links that have been
widely discussed in the field, OT and cognitive inhibition.
Future research should investigate other potential links to these
variables, such as, experience regression, unusual experiences
(Acar and Sen, 2013), and neural hyper-connectivity (Carson,
2011). Second, the study employed a convenience sample and
the generalizability of the results may be limited. In addition,
the upper and lower 10% quantiles used to identify high- and
low-schizotypy individuals for the sample might not reflect
the base rate of a general population. Third, LI, as another
mechanism to explain the link between schizotypy and creativity,
was not examined simultaneously with Stroop interference
effect. This is due to the following two considerations. First,
this study aimed to explore the potential role of OT from
the perspective of automatic/associative creative cognition
and the role of cognitive inhibition from the perspective of
effortful/controlled creative cognition. Second, too many tests
may cause fatigue among participants and reduce accuracy in task
completion.

Implications for Rehabitation
Creative people tend to be described as people with mental illness
(Andreasen, 1987; Macnaughton and Saunders, 2005; Glazer,
2009; Silvia and Kaufman, 2010; Kaufman, 2014). Schizophrenia,
schizotypy personality disorder, and bipolar disorders are mental
illnesses that are often thought to be closely related to creativity
(Michalica and Hunt, 2013; Kaufman, 2014). Prior research
has found the connection between creativity and these mental
problems. It indicated that individuals who score high on
schizotypy questionnaires tend to have unusual perceptions, odd
ideas, inappropriate behaviors, and psychotic-like experiences.
They are more likely to be described as eccentric than
average people (Chapman et al., 1976; Eckblad and Chapman,
1983; Claridge, 1997; Fisher et al., 2004; Michalica and Hunt,
2013).

Individuals with schizophrenia or schizotypy show various
degrees of deficits in many aspects, including cognitive,
psychophysiological, neuro-psychological, personality, and
morphological (Trestman et al., 1995; Park and McTigue,
1997). Because of these deficits, they show different symptoms,
depending on the severity of the problems. For instance, they
may experience hallucinations, delusions, magical thinking,
social withdrawal, attentional difficulties, neuroticism, asocial
behaviors, and impulsiveness (Claridge et al., 1996; Brod, 1997;
Michalica and Hunt, 2013).

Over the past several decades, rehabitation programs have
been developed to treat the impairment and symptoms of
individuals with schizophrenia or schizotypy. For instance,
Spaulding et al. (1994) employed a three-factor model to assess
and treat cognitive and neuropsychological impairments in
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schizophrenia, including a vulnerability-linked first factor,
episode-linked second factor, and psychosocial-amenable
third factor. Sartory et al. (2003) implemented an adaptive,
computerized training program with 42 patients having chronic
schizophrenia for 45 sessions and found significant improvement
in the attention, executive function, and verbal learning of the
treatment group. Levaux et al. (2009) reported the success of
the use of cognitive and ecological exercises in improving the
schizophrenia patient’s sub-component of working memory.

However, the extensive impairment and symptoms of
schizophrenia and schizotypal individuals pose challenges to
the rehabitation, evidenced by several unsuccessful interventions
(Pilling et al., 2002; Silverstein and Wilkniss, 2004). Most
of the past interventions employed cognitive rehabitation
approaches and mainly focused on cognitive impairments, which
may negatively influence the effectiveness of the treatments.
Silverstein and Wilkniss (2004) noted that schizophrenia
rehabitation should systematically address other aspects, such
as “motivation, self-esteem, and affective factors” (p. 679). The
findings in the current and previous studies have consistently
suggested that creativity functions as a protective factor that
buffers individuals from negative influences. Although there are
overlaps between creativity and schizophrenia and schizotypy,
creative people are not always disorganized, asocial, or antisocial.
In other words, there are ways that creative people use
their unusual experiences constructively (Michalica and Hunt,
2013). It has also been indicated in the past research that
creativity and creative thinking are important and effective
coping strategies for individuals to become more resilient,
particularly when faced with setbacks and difficulties (Carson
et al., 1994; Davey et al., 2003; Edward and Warelow, 2005; Kitano
and Lewis, 2005). Therefore, integrating creativity or creative

activities in the future rehabitation programs for schizophrenia
and schizotypy may effectively reduce the symptoms and
disorders.
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We studied the development of cognitive abilities related to intelligence and creativity
(N = 48, 6–10 years old), using a longitudinal design (over one school year), in order
to evaluate an Enrichment Program for gifted primary school children initiated by
the government of the German federal state of Rhineland-Palatinate (Entdeckertag
Rheinland Pfalz, Germany; ET; Day of Discoverers). A group of German primary school
children (N = 24), identified earlier as intellectually gifted and selected to join the
ET program was compared to a gender-, class- and IQ- matched group of control
children that did not participate in this program. All participants performed the Standard
Progressive Matrices (SPM) test, which measures intelligence in well-defined problem
space; the Creative Reasoning Task (CRT), which measures intelligence in ill-defined
problem space; and the test of creative thinking-drawing production (TCT-DP), which
measures creativity, also in ill-defined problem space. Results revealed that problem
space matters: the ET program is effective only for the improvement of intelligence
operating in well-defined problem space. An effect was found for intelligence as
measured by SPM only, but neither for intelligence operating in ill-defined problem space
(CRT) nor for creativity (TCT-DP). This suggests that, depending on the type of problem
spaces presented, different cognitive abilities are elicited in the same child. Therefore,
enrichment programs for gifted, but also for children attending traditional schools,
should provide opportunities to develop cognitive abilities related to intelligence,
operating in both well- and ill-defined problem spaces, and to creativity in a parallel,
using an interactive approach.

Keywords: cognitive development, giftedness, reasoning, childhood, gifted education, problem space

INTRODUCTION

Early concepts of giftedness were solely based on the construct of intelligence (e.g., Terman,
1916). Even today, in practice, a single IQ-threshold of 130 is commonly used for the diagnosis
of giftedness (Robinson, 2005; Sternberg et al., 2011). Assuming that, across individuals in a
population, intelligence is normally distributed according to this criterion, i.e., two standard
deviations above the average of IQ = 100, between 2 and 3% of the population should be considered
intellectually gifted.
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Giftedness later became a more complex concept and is now
considered a multifaceted construct. Rather than with a single
measure of intelligence (Reis and Renzulli, 2011), other abilities
should be considered as well (e.g., Brown et al., 2005; Reis and
Renzulli, 2011; Sternberg et al., 2011). Many theories embrace
creativity as an essential component of giftedness (e.g., Runco,
1993); “creativity moves from being a background player to
occupying a key role within the context of giftedness and gifted
education” (Kaufman et al., 2012, p. 60). For example, two of
the most prominent theories of giftedness include the construct
of creativity: Renzulli’s Three-Ring Conception (Renzulli, 1978,
2005) and Sternberg’s WICS Model of Giftedness (Sternberg,
2005a,b, 2010).

Some authors argued that there may be different categories
or types of giftedness (Renzulli, 1982, 2005; Milgram, 1990;
Sternberg, 1990). Sternberg (1990), for instance, suggests that it
is necessary to go beyond the view of giftedness as a composite of
components, to the view where there are types of giftedness with
multiple components each. Renzulli (1982) suggests that there are
two types of giftedness: the schoolhouse giftedness and the creative-
productive giftedness, whereas Milgram (1990) suggests that there
are four different categories of giftedness: general intellectual
ability or overall general intelligence, specific intellectual ability,
general original/creative thinking, and specific creative talent.

Although there is lack of agreement concerning the concept
of giftedness, there is broad consensus among researchers about
the importance of giftedness education (Robinson, 2005). Gifted
students require challenging educational experiences with other
gifted students in order to learn and develop at their own level
of aptitude (Mönks and Heller, 1994; Feldhusen, 2005; Robinson,
2005). Reviewing literature on the topic, Reis and Renzulli (2011)
reported two main aspects regarding the necessity for developing
special programs for gifted children: (1) their needs have not
been met in traditional school curricula; (2) they benefit from
programs that group them together with the educational purpose
to meet their needs.

Interventions with gifted students can be made by offering
programs of acceleration and enrichment within homogeneous
or heterogeneous grouping (Mönks and Heller, 1994). The
acceleration program usually offers learning activities that take
into consideration the child’s abilities and speed of processing
level, which probably will differ from that of his or her classmates;
whereas the enrichment program commonly comprises activities
that are, or at least should be, challenging and that go wider
and deeper on the topics presented. The activities should
cover subjects that typically are not addressed in traditional
school curriculum (Mönks and Heller, 1994). According to Reis
and Renzulli (2011), a combination of both acceleration and
enrichment programs is the best option. Nevertheless, along with
teaching methods and curriculum, the evaluation of the program
needs to be included among the central issues for improving the
quality of education offered to gifted students (Gallagher, 1988).
According to Hunsaker and Callahan (1993), the evaluation of a
giftedness program should offer meaningful feedback to improve
the program’s performance.

While not all children have the capacity to delve wider and
deeper into the topics, improving the quality of education in

terms of challenging activities and consideration for individual
abilities is essential to all learners and should not be restricted
to gifted children. The present study, however, aims to evaluate
an enrichment program designed for children identified as gifted,
the Entdeckertag Rheinland-Pfalz (ET; Day of Discoverers).
The ET is a pilot program implemented by the Ministry for
Education, Science, Youth and Culture of the German federal
state of Rhineland-Palatinate (in the southwest of Germany) in
an attempt to recognize and support gifted children in primary
school (see section “Materials and Methods”).

Since intelligence and creativity are considered as important
components of giftedness, we applied a standardized test
of general intelligence and a standardized test of creativity
for the evaluation of the enrichment program, using a
longitudinal design. The intelligence test measures cognitive
processes operating in a well-defined problem space while
the creativity test measures cognitive processes operating in
an ill-defined problem space. Problem space is an abstract
representation of the encountered problem in the mind of
the problem solver, containing all possible and/or logical
steps to be taken in order to find a final solution (Newell
and Simon, 1972). Whereas in well-defined problem space
there is only one correct solution, in an ill-defined problem
space there are numerous and more idiosyncratic solutions,
which can, depending on a certain criterion, be more or less
good. Apart from measuring cognition in different problem
spaces, the two tests use different knowledge domains: in
the intelligence, test cognition operates in the domain of
relations between geometrical components, in the creativity test,
cognition operates in an idiosyncratic domain. Therefore, we
additionally applied the Creative Reasoning Task (CRT; Jaarsveld
et al., 2010, 2012). The CRT measures intelligence in an ill-
defined problem space while operating in the same knowledge
domain then the general intelligence test used in the present
study.

Studies with the CRT showed, firstly, that scores from a task
measuring intelligence in a well-defined problem space (Standard
Progressive Matrices; SPM, Raven, 1998) do not correlate with
scores from a task measuring intelligence in an ill-defined
problem space (CRT), although both tasks use an identical
knowledge domain: relations among geometrical components in
a small matrix. In this first version of the CRT, scores are based on
the frequency of relations applied in the matrix. Results showed
that 4–12-year-old children applied these relations with different
frequencies depending on the task (Jaarsveld et al., 2010).

Secondly, Jaarsveld et al. (2012) showed that in the CRT
both convergent and divergent thinking are applied and can
be assessed independently. This second version of the CRT
contained a score for convergent and one for divergent thinking.
The convergent sub-score valuates not only the number of
relations but also their complexity and whether a relation was
applied over all rows and columns of the matrix. This method
produces a larger range of score values and therefore provides
more differentiated information of reasoning abilities. Using this
new scoring method it was shown that from Grade 1 to 4 the CRT
sub-score for convergent production correlated with the SPM
while the CRT sub-score for divergent production correlated
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with the Test for Creative Thinking–Drawing Production
(TCT–DP, Test zum Schöpferisches Denken–Zeichnerisch, Urban
and Jellen, 1995). This suggests that intelligence measured for
ill-defined problem space cooperates with creative thinking. This
cooperation is also evident in EEG data from the CRT process in
terms of an intertwining of convergent and divergent production
(Jaarsveld et al., 2015). These results show that intelligence
in ill-defined problem space is distinct from intelligence in
well-defined space, even when knowledge domain is controlled.

Finally, Welter et al. (2017) found that across primary
school cognitive processes in well-defined problem space develop
differently from those in ill-defined space. They showed that
traditional intelligence test scores (well-defined problem space)
increased linearly with grade level, whereas scores from a
creativity test (TCT-DP) and those from the CRT sub-score
for convergent production (both ill-defined problem space)
developed in the same irregular pattern.

From these studies, we can conclude that systematic
comparisons between intelligence operating in well- versus
ill-defined problem space are more meaningful when cognition in
both problem spaces operates in an identical knowledge domain.
This, however, is not the case in the majority of studies comparing
measures from traditional intelligence and creativity tests (see
Jaarsveld and Lachmann, 2017, for an overview).

In sum, the main purpose of the present study is to
evaluate the effectiveness of the ET program in improving
intelligence and creative abilities of primary school children
over the stretch of one school year. We applied three tests,
one test measuring intelligence in a well-defined problem
space and one test measuring intelligence in an ill-defined
problem space, both using the same knowledge domain, and
the third one, measuring creativity in an ill-defined problem
space. An increase in performance on all three tests would
indicate that the ET program adjusted its teaching method and
curriculum, promoting cognitive abilities that allow an individual
to effectively navigate and operate in both well- and ill-defined
problem spaces.

MATERIALS AND METHODS

Enrichment Program
General Proposal and Guidelines
The Entdeckertag Rheinland-Pfalz (ET; Day of Discoverers in
Rhineland Palatinate) is an enrichment program for gifted
children. It was implemented in 2004 by the Ministry for
Education, Science, Youth and Culture of the federal state of
Rhineland-Palatinate, Germany. The ET takes place on one fixed
day of the week, from 8 am to 4 pm. On this day participating
children (ET-children), instead of their normal class, they attend
one of the ET classes. The program is conducted in select primary
schools across the state, which agreed to offer the training to
the ET-children, including those from different schools of the
region, in addition to their traditional education scheme. This
means that in order to participate the majority of the ET-children
need to visit a different school once per week. The ET-children
are supposed to catch up on what was taught that day in their

normal class. The ET classes are of mixed grade levels, divided
only roughly by age into “younger” (5–7/8 years) and “older”
(7/8–10 years). A statistical analyses for 2010/2011 of the federal
ministry (Ministry for Education, Science, Youth and Culture of
the State Rhineland-Palatinate, 2011) showed that over 6 years
424 children (276 males and 148 females) from 206 primary
schools participated in the program at 13 ET schools.

The main objective of the ET program, according to the
ministry (Ministry for Education, Science, Youth and Culture of
the State Rhineland-Palatinate, 2009), is the early intervention for
children with exceptional cognitive abilities to give support and
pose challenges in the areas of language and science. According
to the ministry, ET-children should experience suitable learning
environments that support their cognitive abilities, promote their
personality development and strengthens teamwork and social
skills.

The ministry provides guidelines for the selection processes
and general rules and aims as a kind of curriculum for ET
classes (Ministry for Education, Science, Youth and Culture of the
State Rhineland-Palatinate, 2009). These include a general agenda
about the structure and the course of a day that the participating
schools should follow (see Table 1). However, schools are free
to develop their own proposal within the program’s scope. For
example, the ET curriculum requires that children learn an
additional foreign language that is not part of the traditional
school curriculum, such as Russian or Japanese. What language
this will be is, however, the choice of the ET school. Each ET
school forms a team of experts that is responsible for the local
implementation and organization of the ET program and the
diagnostic selection process. This ET team consists of teachers
that were previously trained to meet the purpose of the program
and to recognize and foster an active, creative, and inquisitive
thinking attitude among the gifted children.

In Germany, every child receives free education, which is of
high quality, but mainly uses a traditional teacher-directed lesson

TABLE 1 | Daily structure of the Entdeckertag Program.

Time

From To Daily Structure∗

8:00 09:30 Work on Topic 1 (mathematics, natural sciences or
German language)

09:30 10:30 Work on Topic 2 (language learning or task
packages)

10:30 12:00 Research-based learning to self-selected projects

12:00 13:00 Sports, games, planned leisure activities, reading or
computer work

13:00 13:30 Lunch and free time

13:30 13:45 Outdoors activities

13:45 16:00 Afternoon projects possibly with extracurricular
experts

∗Time interval can be interpreted as a flexible framework for the Entdeckertag.
This also applies to the intermediate brake times that are not listed separately.
Adapted from “Erkennen und Fördern hochbegabter Kinder in der Grundschule:
Entdeckertag – Modellprojekt des Landes Rheinland-Pfalz” by Ministry for
Education, Science, Youth and Culture of the State Rhineland-Palatinate (2009),
www.grundschule.bildung-rp.de.
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format. In contrast to this traditional schooling, the ET program
aims to offer a variety of more self-directed learning opportunities.
The focus is on individual “research projects”; each child chooses
one topic within a given scope. The child should be able to
structure the gathered information and present it to classmates
and parents as a poster, including pictures and text, or as a power
point presentation. During the research phase, children should
have the opportunity to discuss issues about their topic with
other children in a plenary meeting in order to get comments
and suggestions (Baudson, 2009). In addition to the project work,
children can work on brainteasers and applied science problems.
Moreover, sports and arts are included in the curriculum in order
to promote an integrated educational approach (Emrich et al.,
2007).

An important element of the ET curriculum are the so
called “work packages.” These consist of tasks and activities
that the children bring with them to their normal classes to
work on during the rest of the week. These include reading
and writing tasks, puzzles and arithmetic problems. Gifted
children might feel bored during their normal classes because
they usually already have a rich knowledge on many topics.
Thus, the work packages are helpful in providing continuous
challenges to these children. Moreover, these packages help to
establish a bridge between both learning environments normal
class and ET class, as the child takes the work packages back
to traditional school and works on them after finishing regular
activities. The teacher can also use this supplemental material as
a challenge for children who are not in the ET program. Thus,
the work packages help teachers to offer challenging learning
activities to all children and therefore enriches future teaching in
normal classes independent from the ET program (Emrich et al.,
2007).

The selection process is carried out by the ET team of each
school. The steps are as follows (Baudson, 2009; Ministry for
Education, Science, Youth and Culture of the State Rhineland-
Palatinate, 2009): (1) The parents, and/or the relevant teacher,
who assume a child to be gifted, should contact an ET-school
and provide necessary information to the school in order to
start the selection process. Next, parents would be asked to
complete a parental questionnaire and the teacher would be
asked to complete a screening questionnaire about the child
under consideration. These questionnaires were constructed
especially for the ET selection process (Ministry for Education,
Science, Youth and Culture of the State Rhineland-Palatinate,
2009). Both questionnaires include a checklist and a set of
open questions about behavioral and motivational aspects of the
child. The parental questionnaire also includes questions about
early cognitive development and asks for proof of extraordinary
cognitive performances (e.g., school certifications, rewards and
other certificates of performance). It is not explained in the
guidelines (Ministry for Education, Science, Youth and Culture
of the State Rhineland-Palatinate, 2009) why parents have
the opportunity to start the selection process and contribute
to the screening, and to what extent educators can trust
parents to report on their children’s cognitive development
and performance. (2) Based on these screenings, the ET team
decides whether the child might be eligible for the program

and if so, sets an appointment for an interview with the
parent(s) and the child. The ET team performs a structured
interview with the parents and the child during which parents
are asked about the child’s interests and social and motivational
aspects. During this interview, the child is asked to perform
some challenging tasks in the areas of language, mathematics
and logical thinking. These tasks require spatial thinking, text
comprehension, memory, reasoning, conceptual thinking and
number processing skills. Within the interview the number and
type of tasks given is attuned to the performance of the child.
(3) In a separate meeting, the ET team makes a decision for each
child.

The Present ET Sample
The present study was conducted in a school which in 2009
began participating in the ET program for gifted children in
the city of Kaiserslautern (a major city in the German federal
state of Rhineland-Palatinate) and neighboring communities. At
this particular school, the ET took place Wednesdays, from 8
am to 4 pm. The school provided lunch, drinks, and fruits and
vegetables as snacks for all participating children throughout the
day. The children were divided into two groups: Group 1, first
and second graders, and Group 2, third and fourth graders, i.e.,
in this ET school, rather than age, the grade level was used as the
criterion.

The local implementation and organization of the ET program
and the daily schedule followed the guidelines and general
rules given by the ministry (for daily schedule see Table 2).
Every Wednesday the ET class started with children from both
groups together with a discussion about the previous week’s work
packages, including their feedback on where and with whom they
worked on it, and how they liked it. After, there was an open
debate on a curriculum-related topic chosen by the teachers or
the children.

Thereafter, children were divided into the two groups. In
one group, children received lessons in Russian as a foreign
language (not offered in traditional schools), while the other
worked on the “research projects,” and then vice-versa. The
Russian lessons were held by a native speaker in the classic

TABLE 2 | Hosted School daily schedule.

Time Daily Schedule

From To

8:00 a.m. 10:00 a.m. Debate on a topic selected by teachers and/or
students and work packages∗

10:00 a.m. 11:00 a.m. Russian lessons

11:00 a.m. 12:00 a.m. “Own topic”∗∗

12:00 a.m. 13:00 p.m. Reading and playing

13:00 p.m. 14:00 p.m. Lunch and exercise (gymnastics)

14:00 p.m. 16:00 p.m. Experiments

∗Tasks that include reading and writing activities and puzzling and arithmetic
problems that ET-children have to work on over the week in their normal classes.
∗∗Each child chooses a topic of interest to research and present to the class. They
use internet to perform their research. The presentation is made in poster (Group 1)
or power point (Group 2). Each child sets the time limit for their research.
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teacher-directed lesson format, with a focus on grammar and
translation. In the research projects, using the internet, each
child investigated a self-chosen topic of interest, and reported
results. Next, there was reading and playing time, in which
all children mingled again. At this moment, children had the
opportunity to immerse themselves in a book of their choice, or
they could play with brain- and strategy games, such as Rush
Hour, Chocolate fix, Blokus, or others. After lunch and some
sports activities, there was time for scientific experimentation.
In this time, with all children present, some experiments were
performed with the aim to raise their curiosity and interest in
science.

Aside from the weekly activities, there were some excursions
such as a hiking/climbing day, a visit to the Technical Museum
in Speyer, and to the TECHNOSEUM (State Museum of
Technology and Work) in Manheim, both neighboring cities in
Germany.

Participants
From the hosting primary school, a sample of 190 children from
Grade 1 to Grade 4, between the ages of 6 and 10 years old,
was tested. The ethical, formal, and legal standards of the study
were approved by the Aufsichts- und Dienstleistungsdirektion
Trier (ADD, a federal state institution responsible for
approving studies conducted in public school). The study
was conducted in accordance with the recommendations of
The German Society of Psychology after receiving written
informed consent from the parents in accordance with the
Declaration of Helsinki. Children performed the paper-
and-pencil versions of the SPM (Raven, 1998), the CRT
(Jaarsveld et al., 2010, 2012), and the TCT-DP (Urban and
Jellen, 1995; Form A and B). For all participants, IQ was
obtained using the German norms provided for the SPM
(1998; 6–18 years old). Participants were divided according
to two general cohorts: Intervention group (IG) and control
group (CG).

The IG comprised children (N = 24, Mage = 8.04,
MIQ = 133.25, 18 male) who participated in the Entdeckertag
(ET) program. The large control group was composed of children
that attended the normal classes in the same primary school
where the ET program took place (N = 166). From this pool,
participants were selected according their gender, grade, IQ,
creative reasoning, and creativity scores (on the basis of SPM,
CRT, and TCT-DP scores from the first test session, see below) in
order to build a matched control group (CG, N = 24, Mage = 8.00,
MIQ = 133, 18 male). This means, for each IG child, a control
child attending a traditional school class at the same ET school,
of the same gender, grade, and close to identical test scores was
chosen. Thus, there were 48 participants in total.

Material
Standard Progressive Matrices (SPM)
The SPM (Raven, 1998) is a non-verbal intelligence test which
measure intelligence the traditional way, i.e., operating in
well-defined problem space. The test contains 60 items grouped
in five sets; each item comprising an incomplete figure-pattern
presented in the form of a 1 × 1, 2 × 2, or 3 × 3 matrix.

Participants are asked to complete the pattern by finding the
one correct figure from six or eight possible solution options
given below the matrix. The maximum score is 60 points,
since each item is fixed as pass or fail. The items are, at first,
easy and simple but become increasingly more difficult within
and across sets, requiring higher levels of cognitive abilities to
encode and analyze information (Raven, 2009). The individual
test processing time and the increasing complexity of the SPM
items are functional in assessing the extent of clear thinking
(Heller et al., 1998).

The SPM was intended to capture the different levels of
cognitive ability associated with intelligent performance in as
many age groups as possible, regardless of education, nationality,
or health condition (Heller et al., 1998). Raven intended to
develop a test that would be theoretically relevant, easy to
administer, clear to interpret, and could be administered to
individuals of different ages and socio-economic backgrounds
(Raven, 2009). Normally, the SPM is used from 6 years onward
and all candidates have the same set of tasks in the same order
(Heller et al., 1998).

Creative Reasoning Task (CRT)
The CRT is a diagnostic device which measures intelligence
and creativity operating intertwined in an ill-defined problem
space (in contrast to intelligence tests which measure intelligence
the traditional way; operating in well-defined problem space, as
SPM; Jaarsveld et al., 2010, 2012). The CRT involves generating
components and relations which connect these components, and
thus yields a cognitive thinking process in which both intelligent
and creative abilities intertwine (Jaarsveld et al., 2015).

In the CRT participants have to conceive a small matrix
similar to those found in the SPM. According to the instruction,
the matrix must be solvable and as inventive and difficult as
possible. For the present study three test forms were applied,
each corresponded to one of the three possible types of matrix
formats contained in the SPM: 1 × 1, 2 × 2, and 3 × 3.
The figure that completes the matrix should be drawn within
the matrix in the outlined square in the lower right corner.
Children were free in their choice of test form. The CRT contains
two sub-scores: one for intelligence in an ill-defined problem
space, i.e., CRT Relations (CRT-R), and one for creativity, i.e.,
CRT Components & Specifications (CRT-C). Due to research
question and design, the latter was not used in the present
study.

CRT-R sub-score represents the logic and coherence in a
pattern of components for a matrix that was created and it is
evaluated by means of defined relations that can deliver up to
128 raw points. These relations are: Matrix 1 × 1 (Idiosyncratic
and Semantic Coherence, Jigsaw, and Pattern Completion); String
(Iteration of one component, and Iteration of two or >2
components); Matrix 2 × 2 (Symmetry, Change, Increase, and
Succession); and Matrix 3 × 3 (Change, Increase, Succession,
Combination, Indication of Mathematical Operation, and Two
Values (see Jaarsveld et al., 2012 for detailed information).
However, as the CRT deals with ill-defined space problems, it
is therefore impossible to fix a set of evaluation criteria for all
possible solutions.
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Test for Creative Thinking – Drawing Production
(TCT–DP)
The TCT–DP (Urban and Jellen, 1995) is a test for the
measurement of an individual’s creative thinking potential. It
can be used to identify very high creative potential as well as to
recognize individuals with underdeveloped creative abilities, who
may be in need of stimulation and support.

The test contains two answering forms (Form A, and Form B)
both providing six figure fragments in a square frame inspiring
further drawing. Based on these fragments, the respondent is
requested to complete the drawing in a free and open way.
Instruction emphasized that one can do nothing wrong. The
fragments are: semi-circle, dot, large right angle, curved line,
broken line, and a small open square outside the frame.

The drawing is evaluated and scored by means of 14 criteria
that can deliver up to six raw points each, except for the four
criteria of unconventionality which are valued at a maximum
of three points (maximum score = 72). The criteria are:
continuations; completions; new elements; connections made with
a line; connections made to produce a theme; boundary breaking
that is fragment dependent; boundary breaking that is fragment
independent; perspective; humor and affectivity; unconventionality
A; unconventionality B; unconventionality C; unconventionality
D, and; speed. The test is applicable in single or group testing with
individuals aged between 5 and 95 years.

Procedure
The first test session (T1) took place shortly after the beginning
of the school year and the second test (T2) session 36 weeks
later, just before the end of the school year. Children were tested
in groups within the time frame they would have had their
normal classes. They were informed that they could end their
participation at any time during the session without the need
of reporting any reason. All tests were performed within one
session. Children were asked to work quietly and alone. In order
to facilitate this, they were seated sufficiently far away from each
other. Two researchers conducted the session without the teacher
being present. Children were asked firstly to perform the SPM
(45 min), then to generate a SPM-style item in the CRT (20 min),
and finally to complete the TCT-DP (15 min; Form A first session,
Form B second session). The appropriate instruction was given to
the whole group before each test. Those children who finished a
test before the given time frame were allowed to read books that
lay ready to this purpose.

Data Analyses
Repeated measures ANOVAs controlled for age and post
hoc t-tests were carried out. When more than one t-test
was conducted for each dependent variable, multiple testing
corrections were used; the p-value was then adjusted by the
Bonferroni correction. Assumptions for the performed analyses
were examined: Shapiro–Wilk test was applied to verify the
normality of the sample distribution and the Levene’s test to
confirm equality of variances between tests. When an assumption
was violated, non-parametric statistic tests were additionally
performed (namely, Mann–Whitney and Wilcoxon signed-rank
tests).

RESULTS

Means and standard deviations of the SPM, CRT-R, and TCT-DP
raw scores of the groups in the two test sessions are presented in
Table 3.

Regarding SPM, ANOVA showed significant main effect
of Group, F(1,45) = 6.074, p = 0.018, η2

p = 0.674 and
Age, F(1,45) = 12.458, p = 0.001, η2

p = 0.932. Additionally,
there was a significant interaction between Time and Group,
F(1,45) = 4.227, p = 0.046, η2

p = 0.521 (Figure 1A). A related
t-test (α = 0.025) revealed that the IG group had a statistically
significant improvement from T1 to T2 t(23) = −3.436, p = 0.002;
while there was no such effect in the CG [t(23) = −0.472,
p = 0.641]. Furthermore, an independent t-test (α = 0.025)
showed that the IG participants had higher SPM scores than the
CG in T2 t(46) = 2.877, p = 0.006, whereas there is no such
difference evident for T1, for which the samples were matched
[t(46) = −0.924, p = 0.360).

For CRT-R, ANOVA did not show any significant effect,
indicating no difference in scores between groups and time
(Figure 1B). Because the Shapiro–Wilk test demonstrated that
the normality of the data distribution cannot be assumed,
non-parametric tests were performed additionally. In accordance
with ANOVA: (a) The Mann–Whitney test revealed that the IG
participants scores in T1 and T2 did not differ significantly from
CG participants scores, U = 258, z = −0.621, p = 0.535 and
U = 267, z = −0.434, p = 0.664, respectively; and (b) the Wilcoxon
signed-rank test showed that there was no significant difference
between the participants scores from T1 to T2, neither for IG nor
for CG, T = 133, p = 0.543 and T = 114.25, p = 0.072, respectively.

Regarding TCT-DP, ANOVA did not show any significant
main effect or any interaction (Figure 1C).

DISCUSSION

In the present study, we evaluated the effectiveness of an
enrichment program for gifted children, the Entdeckertag
Rheinland-Pfalz (ET), by comparing performance of primary
school children on intelligence and creativity tests over the stretch
of one school year. Performance of children who participated

TABLE 3 | Means and (standard deviations) of raw scores of SPM, CRT-R and
TCT-DP of IG and CG in T1 and T2.

Test IG (N = 24) CG (N = 24)

T1 T2 T1 T2

SPM 46.58 (4.93) 49.50 (4.01) 45.46 (3.35) 45.88 (4.69)

CRT-R 24.46 (24.14) 30.71 (23.27) 20.17 (19.38) 27.13 (19.57)

TCT-DP 16.63 (5.33) 15.67 (7.32) 14.58 (7.38) 14.96 (5.16)

IG group was formed by children that were participating in the Entdeckertag
program, whereas CG was the control group. SPM, Standard Progressive
Matrices; CRT-R, Creative Reasoning Task – Relations sub-score; TCT-DP, Test
for Creative Thinking – Drawing Production.
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FIGURE 1 | Means of the raw scores of the SPM (A), CRT-R (B), and TCT-DP (C) of IG and CG in T1 and T2.

in the ET program was compared against the performance
of children who received only normal teaching. These groups
were matched on gender, grade and pre-test performance
(T1). Children were tested with a standardized intelligence test
operating in well-defined problem space (SPM), a standardized
creativity test operating in ill-defined problem space (TCT-DP),
and an intelligence test that measures intelligence operating in
ill-defined problem space (CRT-R).

Results showed that the ET enrichment program has a positive
effect on intelligence operating in well-defined problem space,
as measured by SPM. ET-children showed an increase in SPM
intelligence scores while control children did not. Hence, it seems
that, when referring to the traditional concept of intelligence,
i.e., intelligence operating in well-defined problem space, the ET
program had the appropriate teaching and curriculum to enhance
children’s performance.

However, this enhancement occurred neither for creativity
(TCT-DP) nor for intelligence operating in ill-defined problem
space (CRT-R). Results from both of these tests measuring
cognitive processes operating in ill-defined problem space
showed an identical trend. This is in line with previous findings
by Welter et al. (2017), showing that problem space matters.
According to which of the two types of problem spaces presented,
different cognitive abilities would be elicited from the same
child.

According to these authors, in tasks with a well-defined
problem space, different abilities are addressed than in tasks
with an ill-defined space; intelligence operating in ill-defined
space compares better to creativity that also unfolds in ill-
defined space than to traditional intelligence. Hence, the present
pattern of results together with the findings from Welter et al.
(2017) indicate that problem space is an important issue when
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interpreting test results. The issue of different problem spaces
is the most robust explanation for differences between the
results of the two intelligence tests found in the present study,
SPM and CRT-R, because both tests use the same knowledge
domain.

From this we may infer that the enrichment program was,
on the one hand, capable of supporting children in developing
cognitive abilities necessary to operate in well-defined problem
spaces, but, on the other hand, did not help children to
develop their cognitive abilities necessary to operate in ill-defined
problem spaces. There are a number of possible explanations for
this pattern of effects, including the identification process, the
quality and the quantity of the program.

A first explanation could be the fact that the identification
method applied for the ET program may have been flawed. In
fact, we found that the ET participants were above average in
traditional intelligence, most of them with an IQ above 130 for
the SPM, but showed a traditional creativity level (TCT–DP)
that was average or even below average. This suggests that
creative children may have been overlooked (misses), because
parents and teachers may be harboring a selection bias that
results in considering only children with an above-average school
performance. According to Freeman (2005), “teachers often kept
a mental image of a gifted pupil who would have exceptionally
good logical reasoning abilities, quick comprehension, and
intellectual curiosity - in combination with good school grades”
(p. 82). To him, highly creative children are generally less
agreeable in, and less conforming to, conventional school settings
than the ones who are simply highly intelligent. This could
be the reason for the former not being selected for giftedness
programs. Hany and Heller (1990) found that German teachers
did not consider creativity as an indicator of giftedness. They
concluded that “teachers want to have the successful and ‘easy
to handle’ students in their courses. Critical thinking and having
original ideas – signs of creativity – are not ranked highly”
(p. 76). Sommer et al. (2008) correlated results obtained in
tests of intelligence and creativity with corresponding estimates
given by parents and teachers. They observed that parents
and teachers could better identify abilities associated with high
intelligence than they could detect abilities associated with a
high level of creativity. Moreover, it may even be considered
possible that parents fabricate information that would enhance
their children’s chances of being selected for the program (false
alarms).

As a consequence of these identification biases, resulting
in both misses and false alarms, many highly intelligent but
less creative children were selected for the ET program. The
expectation for such a sample would be that a creativity
enhancing program would have an even greater effect on the
creativity of these children as opposed to children beginning with
a high creativity level (Besançon and Lubart, 2008). That there
is, however, no effect on creativity in the present study, thus
suggests that creative thinking was not challenged sufficiently
in the ET program (see below). On the other side, regarding
the high IQ level in the present sample, some authors suggested
(Sternberg and Kaufman, 2010; Sternberg et al., 2011) that a high
level of intelligence may even be an obstacle to the development

of creativity. For a person who is accustomed to viewing
things in a certain way, it becomes more and more difficult
to consider a different perspective (Sternberg and Kaufman,
2010). According to Sternberg et al. (2011) individuals with a
high IQ may find it difficult to think creatively because of their
pronounced analytical abilities; “those who have very high IQs
may be so highly rewarded for their IQ-like (analytical) skills
that they fail to develop their creative potential, which may then
remain latent” (p. 88). This fact may also play a role in the
threshold phenomenon, which expects no correlation between
intelligence and creative abilities above an IQ of 120 (Welter et al.,
2016).

The identification process applied for the ET program may
also have promoted a gender bias. Note, that in the present study,
75% of the children identified as gifted were boys. According
to Gagné (1993), boys and girls are perceived differently by
their peers and teachers when it comes to their capability in
many domains. Boys are often perceived to be advanced in
mathematical and technical skills, requiring more analytical and
convergent thinking, and girls are more frequently considered
competent in language skills and socio-affective abilities. Since
the identification process for the present sample presented
children with tasks requiring more analytical and convergent
thinking, more boys than girls may have been considered for the
ET program.

A second explanation for this pattern of results found in the
present study might be the quality of the ET curriculum. It
is possible that the ET activities were simply not adequate to
support creative thinking. Besides offering the children cognitive
activities, in which the task is to search for the one and only
correct solution, tasks should be provided for which there is no
readily available response.

A third explanation for the present pattern of results may be
that the frequency of the ET meetings may have been sufficient
to improve intelligence but not sufficient to improve creativity.
Since the ET program took place only once a week and in the
other days of the week children attended their normal classes,
we may infer further that: what little cognitive abilities for
operating in ill-defined problem spaces that were developed in
the ET program, were not sufficiently sustained further in normal
classroom situations. Traditional school teaching encourages
traditional intelligence, i.e., those abilities that help cognition
to operate in well-defined problem spaces. In contrast, abilities
that help cognition to operate in ill-defined problem spaces
would thus have less opportunity to be applied in normal school
tasks.

Research on the development of intelligence revealed that
a child’s intelligence is positively affected by school attendance
(e.g., Ceci, 1991; Neisser et al., 1996; Ceci and Williams, 1997).
Research on creativity is less consistent. It was found that
the educational environment either fosters the development of
creativity or incites its decline (e.g., Torrance, 1968; Charles and
Runco, 2000; Chae, 2003; Lubart and Georgsdottir, 2004; Maker
et al., 2008).

Renzulli and Renzulli (2010) argued that programs destined
for gifted education has been a fertile area of experimentation,
because these programs are not overwhelmed with prescribed
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curriculum guides or traditional educational methods. According
to Sternberg et al. (2011) academic skills are undoubtedly
important, but they are only part of what leads to the realization
of gifted potential. Adjustments made in the ET curriculum, such
as increasing the number of activities that foster creative thinking
operating in an ill-defined problem space, could be a way to
overcome the fact that the traditional schools promote mainly
cognitive abilities related to well-defined problem spaces.

Certainly, another approach that would help children to
develop their creative potential would be to change the
curriculum of the traditional schools. A curriculum which
does not promote creative abilities is a worrying educational
reality; the lack of opportunities for children to develop creative
thinking is troubling (Renzulli and Renzulli, 2010). Creativity
has been the common attribute of individuals who have made
notable contributions to technological innovations and social
improvements (Torrance, 1984). One reason that proves the
importance of the enhancement of creative thinking is that
“there are challenges within many facets of society to which an
immediate or single correct response cannot be found” (Isaksen
and Murdock, 1993, p. 16). Educational institutions, therefore,
should provide children the opportunities not only to think
creatively and to explore the unknown (Torrance, 1972, 1987;
Beghetto, 2010; Smith and Smith, 2010), but also to find and
formulate problems for which no readily available answer is at
hand (Getzels, 1987; Runco, 1994; Carson and Runco, 1999; Kim,
2011). The observations made about creativity in the educational
setting are also valid in relation to intelligence measured in
ill-defined problem space situations, since the latter compare
better to creativity than to intelligence operating in well-defined
problem spaces (Welter et al., 2017).

In sum, results of the present evaluation study show the
effectiveness of the ET program only in the improvement
of intelligence operating in well-defined problem spaces. The
outcome that neither ET-children’s creativity scores (TCT-DP)
nor their scores of intelligence operating in ill-defined problem
spaces (CRT-R) showed an improvement after 1 year of the
enrichment program may indicate that problem space is an
important issue when interpreting tests results. According to

which of the two types of problem spaces presented, different
cognitive abilities would be elicited from the same child.

The present findings might be the consequence of factors
which may also interact: the ET identification process, which
shows a tendency to choose highly intelligent children with only
average creativity, and which promotes more boys than girls; and
the quality and quantity of the ET curriculum, which may not
have provided enough activities to promote creative thinking and
cognitive abilities related to ill-defined problem spaces.
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Drama Pedagogy Training (DPT), as other drama-based pedagogies, has been related
to several outcomes, including creativity enhancement. This enhancement is commonly
proven through the measurement of different creative processes. In our review
we systematize characteristics, activities and techniques of DPT that are assumed
to be related to creativity in order to have a more comprehensive framework to
identify the specific DPT elements that are involved in the enhancement of some of
the creative processes of children and adolescents. To this end, we identified five
creative processes in experimental studies using DPT: divergent thinking, fantasy and
imagination, associative thinking, symbolization, and problem solving. These processes
were cross referenced with DPT characteristics, activities, and techniques that were
argued to be related to creativity enhancement. Our review will propose a model with
two main categories and six elements as follows: (1) technical drama phases which
emphasizes the role of narrative and embodiment through (a) corporal and vocal training
and (b) main drama techniques (e.g., storytelling and improvisation and role-play), and (2)
psycho-pedagogical framework which emphasizes the role of a dialogic space through
(c) playfulness and a (d) collaborative, safe space. We also identified (e) feedback as an
important element of DPT which belongs to both drama technical phases and psycho-
pedagogical framework categories. Along with the model, we explain the creative
outcomes associated to each of these elements as a means to attire the attention to
drama-based pedagogies for the development of creativity in the educational setting.

Keywords: drama pedagogy, creativity, drama, education, children

INTRODUCTION

Creativity can be identified in terms of creative thinking through the evaluation of divergent
thinking and creative problem solving abilities. These abilities can be enhanced through creativity
trainings (Scott et al., 2004), particularly through embodied creativity trainings (Byrge and Tang,
2015) such as drama-based trainings (e.g., Fischer, 1989; Garaigordobil, 2003; Hui and Lau, 2006;
Yasar and Aral, 2012; for a review of drama-based trainings: Lee et al., 2015).
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A recent meta-analysis conducted by Lee et al. (2015) showed
that drama-based trainings (originally presented as Drama-Based
Pedagogies) had significant effects on children’s creative thinking.
Moreover, throughout of the scope of the cited meta-analysis, we
found a vast universe of training and pedagogies that are assumed
to have an impact on children’s creative thinking (e.g., Theater of
the oppressed, Boal, 1989; Socio-drama, Moreno, 1943, Drama
Pedagogy, García-Huidobro, 1996). Drama Pedagogy Training
(DPT), is a particular kind of training issued from Drama
Pedagogy García-Huidobro’s (1996) that presumes to enhance
creative thinking.

The aim of this review is to (a) describe the characteristics of
DPT, (b) analyze the specific elements of DPT that should favor
creative thinking in children and adolescents, and (c) highlight
any specific aspects of creative thinking that are enhanced
through these elements of DPT.

For that purpose, we will first describe the conceptual
implications of the concept DPT and how it can be found
in literature under different names. Secondly, we will briefly
review empirical evidence on how DPT or activities issued from
DPT enhanced creative thinking. Finally, we will categorize the
elements of DPT that might be enhancing creative thinking
according to the current literature and organize them in a
model for better understanding. This conceptual model will
be presented in two main categories (1) Drama Technical
Phases which focuses on the practical activities of DPT
including (a) corporal expression training and (b) main drama
techniques, such as storytelling or improvisation and role-play,
and (2) Psycho-Pedagogical Framework which focuses on the
characteristics of a DPT session including (c) playfulness, (d)
collaborative and safe environment, and (e) feedback.

DRAMA PEDAGOGY TRAINING (DPT)

In order to understand the concept of DPT, we first need to
define Drama Pedagogy. Drama Pedagogy is an active pedagogy
based on drama games and techniques. According to García-
Huidobro (1996, 2004), it can be divided into four tendencies,
namely (a) neoclassical, (b) liberal progressivism, (c) radical,
and (d) critical socialism. These tendencies can be inserted in
three different areas or dimensions of work, namely (a) inside
the educational setting, (b) outside the educational setting, and
(c) as a therapeutic dimension. Several combinations of these
tendencies and dimensions map onto the concepts reviewed by
Lee et al. (2015), even if Drama Pedagogy itself was out of the
scope of that study. Thus, DPT can be described as the kind
of training that follows the liberal progressivism tendency from
Drama Pedagogy inside and outside of the educational setting.

The liberal progressivism tendency of Drama Pedagogy is
focused on the experiences that participants can develop through
playing drama games rather than preparing a show for an
audience (Freeman et al., 2003). In other words, the aim is to
contribute to the development of different competencies, such as
creativity, by focusing on the process of learning over an artistic
result (Heathcote et al., 1991; García-Huidobro, 1996; Woodson,
1999; Libman, 2001; Karakelle, 2009). When Drama Pedagogy is

inserted inside the educational setting through the perspective
of the liberal progressivism tendency, it helps the development
of integral and creative children1 (Hui and Lau, 2006; Karakelle,
2009; Cremin and Macdonald, 2013).

In summary, DPT can be considered any training or workshop
created through drama activities and techniques (such as
pretend play, improvisation, role-play, etc.) that follows the
characteristics of the liberal progressivism tendency from Drama
Pedagogy. Thus, DPT can be understood as a drama-based
training that works with the internal world of the participants
(García-Huidobro, 1996) in order to develop creative and socio-
emotional competencies, and is focused on the process of
learning experiences over artistic or academic results.

For this review, the concept DPT will be used to gather all
the training procedures that apply to the characteristics described
above, as well as the concepts presented by Freeman et al. (2003)
(e.g., child-drama, play-making, child-play, or educational-
drama), and the more complex process-oriented methodologies
such as socio-drama (Moreno, 1943, 1947; Pecaski, 2012),
Creative Drama (Rosenberg, 1981; McCaslin, 1996) or Applied
Theatre (Holland, 2009). Overall, this would include all drama-
based trainings or pedagogies in which the focus is on the final
artistic result or any academic result (e.g., Walker et al., 2011) will
not qualify as DPT.

DPT Improves Creativity: Empirical
Evidences
Moreno (1943); Slade (1967), and Boal (1989) can be considered
pioneers in DPT as they started the use of dramatic art
through representational games in their work with people
without searching for any educational nor artistic outcome.
Years later, their legacy is still a matter of interest in social
sciences, particularly when relating DPT to creativity. In the
following section, we will describe the findings of 10 studies
relating to creative thinking and DPT in children and adolescents.
The analyzed studies correspond to the work of drama-based
trainings or pedagogies that match the characteristics of DPT
as described above. Some studies have been excluded as the
objectives of the training were academic or artistic, or because
the particular population presented problems that could lead to a
bias, as in the case of children with special needs.

Of all the studies analyzed, only one, conducted in Amato et al.
(1973) on 298 school-age children could not prove a significant
impact of DPT (originally described by the authors under the
name of Creative Dramatics) on children’s creative thinking. The
researchers looked for significant differences between DPT and
other trainings by measuring children’s creative thinking through
the Torrance Tests of Creative Thinking (TTCT) (Torrance,
1990). According to the authors, storytelling training (which is
considered in this papers as an element of DPT) had a higher
influence on creative thinking than DPT. Nevertheless, a more
detailed methodology from the authors was needed in order to
confirm their results. We are not aware of the activities carried on
in the different training techniques, so we cannot establish a clear

1An integral and creative child should be understood as a child that has developed
his/her socio-emotional competencies and creative thinking abilities.
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difference between the two mentioned trainings and between the
control group and the DPT. The article did not provide the means
of each group, so no effect size could be calculated.

Ten years later, Clements et al. (1982) conducted a study
on 37 adolescents between 13 and 17 years old in order to
evaluate the effects of a DPT program on creativity. Adolescents’
creative thinking was measured through the TTCT Demonstrator
(Torrance, 1979) and a seven point rating scale was created by
two judges in order to measure talent and experience in drama.
Results showed significant correlations between TTCT scores
and drama experience (r = 0.55, p < 0.001) and TTCT scores
and drama talent (r = 0.46, p < 0.001) suggesting that children
with more experience or talent in drama score better in creative
thinking tasks. Results provided suggest medium to large effect
sizes.

Similarly, Berretta and Privette (1990) studied 184 school-
age children in a fourth grade class, looking for a difference
between flexible art, drama, and playground activities versus
structured art, drama and playground activities. Findings showed
that even though there were no significant effects in the type
of activity, flexible activities produced significant differences
in creative thinking scores on the TTCT (Torrance, 1990)
tests versus the structured ones (F(1,178) = 4.08, p < 0.05).
The effect size of flexible drama and structured drama was
analyzed by calculating Cohen’s d based on the mean scores
provided by the original article, showing a small effect size
(D = 0.26). Flexible drama activities, are more related to the
concept of playfulness in DPT, where the child is free to construct
play following the basic rules of a drama game (McCaslin,
1968).

Authors such as Garaigordobil (1995) have shown that
creative drama games, among other cooperative games, enhanced
creative thinking (particularly divergent thinking) in a sample of
154 children aged 9–10 years old. Children were assessed using
three tasks of the battery of tests Guilford’s (1951). Results showed
significant differences in the analyses of variance and between
the two groups for all three subtests. We calculated Cohen’s
d effect sizes on fluidity scores for the three subtests applied,
finding large effect sizes for inusual tests (D = 1.4) and circle
test (D = 0.98), and a huge effect size for the consequence test
(D = 2.8). In 2003 she created different programs (Programa
Juego) for children aged from 8 to 12 years old in order to
develop creativity and other social competencies such as altruistic
behavior through creative drama games and other cooperative
games.

A Chinese team, leadered by Hui and Lau (2006) gathered 126
children attending first and fourth grade in order to measure the
impact of DPT (originally described under the name of creative
drama) on creative thinking. Children participated in an 1-h-
a-week DPT, during 16 weeks. They were tested on creative
thinking through the Wallach-Kogan Creativity Test (WKCT;
Wallach and Kogan, 1965) and the Test of Creative Thinking
Drawing Production (TCT-DP; Urban and Jellen, 1996), while
also designing a Story Telling Test (STT) to indirectly measure
creativity, finding that participants who attended the training
generated more creative responses and drawings than the control
group. No standard deviation scores were provided for the

WKCT and the TCT-DP tests, so no effect size could be
calculated. For the STT, Cohen’s d analysis showed small to
medium effect size (D = 0.37) on the creativity item.

In a study conducted by Yeh and Li (2008), 116 children aged
4 to 6 years old, participated into a study to see the impact
that drama might have on children’s creativity. He created the
Preschoolers’ Creativity Test in order to measure usefulness and
novelty indices, finding that the drama training through the
different participants age had significant effects on children’s
creativity with large effect sizes (F(2,112) = 42.27, p < 0.001,
η2 = 0.43).

Mullineaux and Dilalla (2009) conducted a longitudinal study
on 120 children engaged in a 20 min free pretend-play (one
fundamental element of DPT). They used a realistic role-play
rating to measure pretend-play at age 5, and WKCT Uses-Tasks
(Wallach and Kogan, 1965) plus TCT-DP (Urban and Jellen,
1996) to measure creative thinking at age 10–15. Results showed
that Realistic-Role-play at age 5 was significantly correlated to
WKCT (r = 0.18, p < 0.05) and TCT-DP (r = 0.22, p < 0.05)
scores at follow-up, suggesting that pretend play is predictor of
later creative thinking. Results of correlations suggests medium
effect sizes.

Lin (2010) studied 67 children aged 11–12 years old engaged
in a 10 week intervention two-sessions-a-week DPT. He tested
how a drama intervention could enhance possibility thinking,
as a facet of creative thinking, through diaries, response sheets
and group interviews. Findings showed that children considered
the drama training as a useful tool for fostering their creativity.
Results from this study are qualitative, so no effect sizes could be
calculated.

Garaigordobil and Berrueco (2011) in Spain, tested a play
based training including drama activities on 86 participants
aged 5 and 6. Participants engaged in a 75 min long
training sessions each week throughout the academic year.
The researchers measured creativity through TTCT and the
Escala de Personalidad Creadora (EPC; Garaigordobil and
Pérez, 2005) finding that the training significantly increased
creative personality traits, as well as verbal (e.g., fluency scores:
F(1,84) = 39.99) and graphic (e.g., fluency scores: F(1,84) = 15.31)
creative thinking. They also concluded that was the positive
atmosphere what enhanced children’s creativity. Cohen’s d were
calculated for fluency scores in the TTCT test, showing large to
huge effect sizes for verbal (D = 1.89) and graphic (D = 0.97)
tasks.

One year later, Yasar and Aral studied 80 children aged 6 years-
old who participated engaged in a twice a week in a drama
education workshop over the course of 12 weeks. They were
tested through TCT-DP forms A and B showing significant
differences between the experimental and the control group
(t = 16.1, p < 0.000). Besides, we calculated Cohen’s d presenting
a huge effect size (D = 3.11).

Finally, in, Mottweiler and Taylor (2014) studied the effect of
elaborated role play on 75 children aged 4 to 5 years-old. Results
showed that children who participated in elaborated role play
had higher creativity scores with small to medium effect sizes
on narrative (F(l,68) = 6.31, p < 0.039, η2 = 0.06) and drawing
(F(l,49) = 3.08, p = 0.09, η2 = 0.06) creativity tasks.
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A recent study, made by Hainselin et al. (2018), showed
how improvisational theater helped enhance divergent thinking
on 35 adolescents, measured through Alternative Uses Task
(AUT; based on Guilford, 1967). Nevertheless, even though
improvisation is part of DPT, in their study improvisation is
considered as a the methodology used for adult actors or adult
population, while in our study improvisation is considered as
improvisational games within a particular framework (we will
detail the framework below). In this line, the study of Hainselin
et al. (2018) and other similar works using improvisational
theater, should be considered with caution, and only as partial
evidence for our study.

Effect sizes are varied for our simple. No mean for effect
sizes was calculated, as some effect sizes were calculated via
Cohen’s d and others were provided by ANOVA analyses. Three
out of 11 studies, presented problems to find effect sizes or
to calculate Cohen’s d. Eight studies presented sufficient data,
and thus effect sizes were calculated. Two out of eight studies
presented small or small to medium effect sizes, two out of
eight presented medium or medium to large effect sizes and
four out of eight presented large, large to huge, or huge effect
sizes.

Although the studies described above make a consensus that
DPT have an influence on creative thinking, none of these works
explained nor differentiated which are the specific elements or
characteristics of DPT that are involved in the enhancement of
the different facets of creative thinking. Consequently, below we
propose a model that aims to explain and categorize the different
elements of DPT that are involved in the development of creative
thinking.

DPT MODEL FOR CREATIVE THINKING

According to the literature reviewed above, successful creativity
trainings are based on different DPT elements (e.g., Baker,
1996; Freeman et al., 2003). Following this review, we propose
to categorize the elements identified into two types of main
categories (1) Drama Technical Phases and (2) Psycho-
Pedagogical Framework.

The Drama Technical Phases category describes the practical
drama-based activities carried out during the DPT training
and emphasizes the role of narrative and embodiment through
the following elements: (a) corporal expression training (e.g.,
Byrge and Tang, 2015) and (b) main drama techniques, such as
storytelling (Laidlaw, 2000) or improvisation and role-play (e.g.,
Moreno, 1943; Johnstone, 2012).

The Psycho-Pedagogical Framework category describes the
characteristics of a DPT session and emphasizes the role of
a dialogic space (including some of the aspects of narrative)
through the following elements: (c) playfulness and a (d)
collaborative and safe environment.

We also identified (e) feedback as an element of DPT which
will be taken as an intersection between drama technical phases
and psycho-pedagogical framework categories.

In order to illustrate these findings, please see the proposed
model in Figure 1.

In the following section we will present each of the previously
identified DPT elements discussing their influence on the
creativity outcomes and creativity related processes proposed by
the current literature.

The Drama Technical Phases Category
Corporal Expression Training
Corporal expression training can be understood as the physical
training that happens at the beginning of a drama pedagogy
session. For instance, participants are asked to move around the
space and to explore the different movements they can use to
move from one point of the room to another, changing speeds
and quality of movements at each time.

The use of the body in support of expression is commonly
related to dance. Nevertheless, one fundamental part of dramatic
art is the ability to express emotions and thoughts through the
body (Snow, 2012). Corporal expression training enables the
whole body for being capable to adapt to any situation that might
arise (Barba, 1979). Our bodies are the first mediators between
the self and the environment because all of our words and
emotions go firstly through our bodies before being coded by our
brains (Aden, 2014). Consequently, embodiment as a relationship
between feelings, ideas, thoughts, behaviors and kinesthetic
experiences (Barsalou, 1999), would be the first step to any
emotional or cognitive process including creativity, which would
develop as a consequence of a particular interaction between
the body and its environment. For Martínez and Díaz (2006)
motor creativity is the ability to produce fluid, different and
novel answers in order to solve a motor function or expression.
They explain that when motor tasks are more ambiguous, several
cognitive resources work together for the resolution of the task.
According to some authors, we can talk of creative task resolution
when productions are both novel and adapted to a context
(Runco and Jaeger, 2012; Lubart et al., 2015). Further to this,
corporal-expression in DPT could also be considered creative if
the use of body is original and adapted to the context in which
it’s being performed. Thus, a movement could be considered
original if participants express themselves in an uncommon
way, while adaptation would be related to the ability of the
performer to express him/herself accordingly in the space in an
organic/authentic way. In other words, being able to “fill the
empty space” with his/her body in order to clearly transmit ideas
or emotions (Brook and Gil Novales, 1997).

Goodwin (1992) suggested that an authentic movement
creativity is a response that comes from the consciousness of
the unity of body (or experience) with mind (or interpretation).
When DPTs involve communication between mind and body
participants are able to find solutions to conflicts that they
would be unable to if this connection was not established
(Goff and Torrance, 1991). Creativity is a flux of movement
from the unconscious to the conscious body (Halprin, 2014),
achieved as a result of the embodiment process. Thus, through
corporal expression, we have access to personal information that
enables us to create something original and authentic, based on
the interrelation of the unconscious and the conscious body.
Embodiment is a powerful tool with which to develop creativity
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FIGURE 1 | Model of the drama pedagogy training elements that impact creative thinking.

(Byrge and Tang, 2015) as the act of experiencing being someone
else leads participants to take risks and explore the unknown
(Yaniv, 2012), influencing creativity. Moreover, if we consider
creativity from perspective Kharkhurin’s (2014), authenticity is
the ability to express the inner self by giving meaning to the
creative act, increasing its’ aesthetic value. Authentic movement
is a creative process in which ideas are transformed into a creative
act by showing the performer’s inner self.

From another perspective, Sofia (2016) proposed that the
motor functions of the brain and the motor system are the basis
of human thinking, supporting the theory of mirror neurons
(Rizzolatti et al., 1996). This demonstrates that creative processes
in performers does not result in a creative a piece of art, but
explains creativity as an effective relationship with the audience
through an adjustment of the body–mind relationship. From
this perspective, creativity is achieved through a process of
embodiment that results in an empathetic connection between
the performer and the audience. Both performer and spectator
create a novel and adapted product, transforming reality.

In summary, corporal expression in DPT directly affects
creativity through enhancing problem solving abilities, but it also
works by developing risk taking and tolerance of the unknown
that is achieved through a process of embodiment.

Main drama techniques: Storytelling and Pretend-Play
Storytelling and Pretend-Play are both narrative activities
(Nicolopoulou, 1997). Pretend play, also called dramatic play
(Barbour, 2016) is the ability to narrate a story (Laidlaw, 2000)
through enacting narrative scenarios while storytelling uses a
discursive exposition of them (Nicolopoulou, 2015). To clarify,
storytelling is a way of organizing and telling a story while
pretend-play is the enactment of a story. In DPT storytelling is

the moment when participants create their stories and organize
them in a way that makes sense to them. Pretend-play in this
case, is the way children pretend to use objects that do not exist,
and generate actions or sounds, but do not necessarily represent a
character (this would be defined as role-play). For example, some
children are asked to tell a story (storytelling) while other children
create the sounds or represent the activities told within the story
(pretend-play).

Several authors associate pretend-play with children’s
creativity (e.g., Dansky and Silverman, 1973; Dansky, 1980;
Fein, 1981; Singer and Singer, 1990; Urban, 1991; Moore and
Russ, 2008; Mullineaux and Dilalla, 2009). Goff and Torrance
(1991) have shown that enactment in DPT helped participants to
visualize different solutions to a problem fostering their creative,
divergent thinking. Similarly, Rosen (1974) and Vandenberg
(1980) concluded that through pretend-play children learn
about the world enabling them to engage in problem solving
creatively. Moreover, Hoffmann and Russ (2012) demonstrated a
relationship between storytelling and play, showing that children
with greater imagination during play and better organization
in their stories (storytelling) were later superior in divergent
thinking. They also explain that some cognitive processes
related to creativity in pretend-play are divergent thinking and
storytelling, highlighting the importance of symbolism and FI
abilities. Russ (2004) states that pretend-play allows participants
to think of affects and how to express them, enabling children to
enhance their ability to connect memories and associations that
might help creative problem solving.

Conversely, for Henry (2000) transformation is aided through
the creation of metaphors where feeling and imagination interact
in order to transmute reality and change the perspective of
a situation. Joronen et al. (2011), found that ideas derived
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within storytelling increased empathy and perspective, thus
impacting creativity. Therefore, in DPT the different points of
view and imaginations of participants can change the storytelling
of an enacted situation, also enhancing perspective taking and
transformation. Mellou (1994) states that transforming the
present is a cognitive process related to imagination, and that
children’s ability to transform objects favors creativity because
children are focused beyond the obvious, enabling them to
make new associations. Holland (2009) discovered that when
children retold their story from different viewpoints to different
participants, this helped them to consider different perspectives
and create additional, different content. Dramatizing stories
directly affects children’s motivation and allows them to think
in a more sophisticated way (Wright et al., 2008), helping
the development of critical thinking and ideation, developing
imagination, and divergent thinking.

In summary, during pretend-play creativity is enhanced
through the act of performing narrative situations (enactment),
enabling the development of perspective, divergent thinking,
and problem solving. Storytelling, related to organization
in play, helps the development of divergent thinking and
imagination, while transforming reality helps develop perspective
and empathy.

Main drama techniques: Improvisation and Role-Play
Role-play is a specific kind of pretend-play where a person
pretends to be someone else in order to portray a character,
while improvisation is related to spontaneous acting. In DPT
both activities are used in the form of collective games. On the
contrary, in adults’ or actors’ improvisational theater participants
are pushed to showcase. For example, in collective improvisation
games, the facilitator may ask participants to create, in a
limited amount of time (improvisation), a collective short scene
portraying (role-play) someone who is experiencing a particular
emotion.

Goff and Torrance (1991) explain that role-play has been used
to find solutions to a wide variety of problems and dilemmas,
as we can see in Moreno (1943) who explained that role-playing
favors participants’ capacity to analyze everyday issues. Verriour
(1989) describes DPT as a tool based principally on improvisation
which develops risk taking, decision making, empathy, and
perspective. Role-playing sees participants playing “as-if ” they
are in the shoes of another. According to McCaslin (1968) playing
“as-if ” increases mental flexibility, helping individuals to solve
challenges or examine issues beyond the obvious, while Dansky
(1980) claims that when children engage in “as-if ” attitudes it
enables them to improve their creative performances, particularly
associative fluency. Moreover, Mellou (1995) highlights the
work of Sutton-Smith (1967) and Bruner (1972) showing how
“as-if ” play is directly related to flexibility, inferring that both
authors agree that role-play in DPT is a contributor of creative
development. This capacity to analyze daily issues by playing
“as-if ” could help develop problem solving skills, and relates to
work on perspective-thinking and empathy, as is proposed by
San (2002), Laidlaw (2000); Pecaski (2012) or cited in Erdogan
(2013). The latter established that role-playing and improvisation
helps participants to reorganize their cognitive patterns when

reviewing experiences, ideas or behaviors within a group. A study
by Goldstein and Winner (2012) showed that drama training
enhanced empathy through taking in the perspective of different
situations that are represented during DPT sessions, by testing a
DPT group against music or visual arts. Empathy has been proved
to be related to creativity, as creative problem solving depends on
the ability to adapt to situations within the environment, and the
ability to empathize with situations (Carlozzi et al., 1995).

Hui and Lau (2006) established that role-playing is
fundamental in developing creativity, showing that participants
in a role-play based DPT carried out greater boundary breaking
and elaboration, but also gave more creative responses in
standardized tests (WKCT and TCT-DP) than non-participants.
Similarly, Burton and Dalby (2012) showed that role-playing
radically increased motivation and idea generation, while
Karwowski and Soszynski (2008) showed that role-play training
increased divergent thinking through fluency scores of their
participants.

Furthermore, in a recent study, Sowden et al. (2015) analyzed
how dance and drama improvisation activities can enhance
divergent thinking in a sample of 27 children aged 7 to 11.
For the first experiment, they worked with improvised dance,
and in the second with improvised drama. For the improvised
drama intervention, children were measured through the figural
activity 1 of the TTCT (Torrance, 1974) and it was found that
children who took part in the improvisation group showed better
divergent thinking after the intervention compared to those in
the control group.

In summary, DPT can improve problem solving and divergent
thinking abilities in children and adolescents, favored by mental
processes that are developed thanks to improvisation and role-
play activities, such as boundary breaking, empathy, perspective
taking, risk taking and decision making.

The Psycho-Pedagogical Framework
Category
Playfulness
Drama Pedagogy Trainings are always based on play and
improvisation (Yeh and Li, 2008). Since Piaget (1952), authors
have had confidence in and proved the importance of play
for creativity (e.g., Kneller, 1965; Dansky and Silverman, 1973;
Lieberman, 1977; Sutton-Smith, 1979; Christie and Johnsen,
1983; Berretta and Privette, 1990; Mellou, 1995; Garaigordobil
and Berrueco, 2011; Hoffmann and Russ, 2012) with only a few
studies failing to replicate these effects (e.g., Smith and Whitney,
1987).

Contemporary studies show an increase in children’s divergent
thinking and associative thinking due to play: Garaigordobil
and Berrueco (2011) conducted training throughout the
academic year with children aged 5 to 6, demonstrating that
there were significant differences in scores (F(1,84) = 3.69,
p < 0.001) on TTCT and Behaviors and Traits of Creative
Personality (Garaigordobil, 2006) between play and control
groups. Hoffmann and Russ (2012) corroborate these results,
concluding that transformation and insight abilities in play
are part of creative skills. They worked in a four-session play
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intervention with children aged 5 to 10, measuring play through
the APS and WKCT-Uses-task. The results showed a positive
correlation between divergent thinking and organization in play
(fluency r = 0.32, p < 0.05; flexibility r = 0.28, p < 0.05), and
imagination in play (fluency r = 0.38, p < 0.05; flexibility r = 0.36,
p < 0.01).

The results described above are in part explained because
when playing dramatic games, the child experiments with
freedom of expression (Jindal-Snape et al., 2011) and exploration
and liberation of the self (Winnicott, 1971) through play, which
could help the enhancement of associative thinking (Russ, 2004)
and divergent thinking (Russ and Grossman-McKee, 1990).

Collaborative and Safe Space
Being creative is a participant’s decision (Sternberg, 2002), as
creativity is affected by the psychological state of participants
and their environment (Hohmann and Weikart, 2002). Even
though DPT encourages participants to take risks and be creative
(Karakelle, 2009), several factors in the creativity environment
and space can impact children’s mood allowing them to be more
or less creative (Morrongiello et al., 2015; Celume et al., 2017).
For example, a child’s confidence is fundamental in developing
a space for free expression (Holland, 2009) which according to
Vass et al. (2014) forms part of a co-constructive “interthinking”
(Mercer, 2000) in a dialogic and free-of-risks space. This free-
of-risk play that DPT space offers enables children to increase
their willingness to explore other creative dimensions, due to
an enhancement of self-confidence and a lack of fear of being
in front of others (Farris and Parke, 1993). Furthermore, the
act of observing other participants’ performances can impact
another participant’s awareness of the differing points of view of
a situation as well as different solutions to an issue (Karakelle,
2009), thus developing perspective and problem solving abilities.

In a study conducted in Erdogan (2013) showed that children
were able to express themselves as a result of the flexible,
free learning setting that their teachers had implemented from
DPT. A dynamic environment can enhance children’s free
expression allowing them to be more creative. Jindal-Snape et al.
(2011) claim that children’s solution finding through a safe
environment is not new to DPT as it gives them freedom of
expression to find solutions to problems, in a space that permits
mistakes. In another study, Garaigordobil and Berrueco (2011)
mentioned that one element that fostered children’s creativity
was the positive climate generated in the classroom. Similarly,
as mentioned in the pretend play section, having a space in
which to experience and express positive effects is important
for creativity, and playing collaborative games (like those played
in DPT) enhances positive feelings helping construct a positive
ambiance that leads children to develop imagination and fantasy
(Hoffmann and Russ, 2012). For Vygotsky (1967) children’s
imagination is developed within child’s play as a response to a
collaboration between social interactions, allowing learning to
occur. The interactions that accompany this process of learning
can be observed in the dialogic space of DPT as intersubjectivities
(Rogoff, 1990), by describing the process of learning that occurs
when learners work collaboratively in order to solve a problem.

In summary, a safe space that permits dialogic interactions
to occur will favor creativity through the development of

imagination, fantasy, understanding and problem solving
abilities as well as by enhancing children’s positive mood
allowing participants to be more creative.

Feedback
Feedback occurs at the end of each session. Tam (2016) claims
that creative and multiple meaning in DPT might not occur
when children are engaged in play, but when they are back into
the real world. Capron-Pruozzo (2014) explained that if children
receive positive feedback regarding their creative personality,
their creative self-efficacy will be enhanced. She also claims that
if children feel they have the means to face different situations,
to take risks, to find solutions and persevere, they will be more
engaged in dramatic activities, and vice versa. If participants
are motivated they will be open to trying new methods and
experience, thus impacting creativity.

Pecaski (2012) claims that all sessions should conclude
with an oral discussion to enable children to talk about their
personal actions, responses, and feelings on the session. Feedback
allows children to think critically about how they acted during
the session, and put into perspective how they responded to
the presented situation or problem, allowing them to rethink
about various appropriate solutions to the original problem.
Subsequently, feedback enables children to confront problems
presented during the session through dramatic games, motivating
them to find novel solutions, thus impacting both perception and
problem solving abilities.

DISCUSSION AND CONCLUSION

The spotting of a structure of DPT, helps to understand and
clarify past findings on educational drama studies and to design
and conduct future research in order to measure the impact of
DPT and its particular elements on children’s and adolescents’
creative thinking.

Reviews of studies show how different elements of DPT can
be related to either creative outcomes or the related processes
of the creative thinking. Some studies clearly explain particular
creative outcomes, while others present creativity as a whole.
Table 1 presented below intends to summarize the reviewed
works in order to present a clearer idea of the relationship
between the elements of DPT and the different creative outcomes
and creative-related processes.

According to literature reviewed, the majority of creative
outcomes measured correspond to Divergent Thinking or are
related to Problem Solving, and these can mostly be found
within the DPT elements of Storytelling and Pretend-play, and
Playfulness. Conversely, the DPT element of Improvisation
and Role-Play present more creative related processes, such
as risk taking or perspective taking rather than specific
creative outcomes. Even though we categorized the elements
of DPT in order to link them with creative outcomes,
some authors (Goff and Torrance, 1991; Hoffmann and Russ,
2012) relate their results to two or more elements of DPT.
In the case of Hoffmann and Russ (2012) they make links
between creativity and Pretend-play but also Playfulness, which
might imply a connection between the proposed elements.
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TABLE 1 | Elements of DPT and the corresponding creative-related processes and creativity outcomes.

DPT element Creative-related process (if any) Creativity outcome referred Reference

Corporal expression and training Adaptation to context Barba, 1979

Task resolution Problem solving Martínez and Díaz, 2006∗

Problem solving Goff and Torrance, 1991

Risk Taking + Tolerance of the Unknown Yaniv, 2012

Empathy (audience-performer) Sofia, 2016

Storytelling and Pretend-play Problem solving Divergent thinking Goff and Torrance, 1991

Problem solving Rosen, 1974; Vandenberg, 1980

Fantasy and imagination, symbolism Divergent thinking Hoffmann and Russ, 2012

Think and express affects; associative thinking Problem solving Russ, 2004

Transformation, imagination Henry, 2000

Empathy; perspective taking Joronen et al., 2011

Transformation, imagination Associative thinking Mellou, 1994

Perspective taking Holland, 2009

Critical thinking; ideation Imagination, divergent thinking Wright et al., 2008

Improvisation and role-play Boundary breaking; elaboration; fluency Hui and Lau, 2006

Motivation; idea generation Dalby and Burton, 2013

Fluency Divergent thinking Karwowski and Soszynski, 2008

Problem solving Goff and Torrance, 1991

Risk taking; decision making; empathy;
perspective taking

Verriour, 1989

Flexibility Problem solving McCaslin, 1968

Associative fluency Dansky, 1980

Flexibility Sutton-Smith, 1967; Bruner, 1972
(in Mellou, 1995)

Perspective taking; empathy Problem solving Laidlaw, 2000; Pecaski, 2012

Empathy; perspective taking Goldstein and Winner, 2012

Playfulness Fantasy, imagination Divergent thinking Russ, 2003

Flexibility (activities) Divergent thinking (originality) Berretta and Privette, 1990

Divergent thinking Garaigordobil and Berrueco, 2011

Transformation, insight Divergent thinking Hoffmann and Russ, 2012

Associative thinking; symbolization Russ, 2004

Divergent thinking Russ and Grossman-McKee, 1990

Collaborative and safe space Risk taking Karakelle, 2009

Solution finding Jindal-Snape et al., 2011

Imagination Vygotsky, 1967∗

Feedback Creative self-efficacy Capron-Pruozzo, 2014

Critical thinking; perspective taking Pecaski, 2012

∗Some studies are based on theoretical approaches and not DPT empirical studies; They correspond to the specificity of the use of the element in literature (e.g., Martínez
and Díaz, 2006 in Corporal Expression Training; and Vygotsky, 1967 in Collaborative and Safe Space).

Goff and Torrance (1991) observed that creativity was enhanced
as part of Corporal Expression Training, Storytelling and
Pretend-play, and Improvisation and Role-play, without always
specifying the role of each element. For this reason, even though
we categorized different elements of DPT in order to clarify which
specific elements impact creative processes, it seems equivocal
to establish that only one element by itself is responsible for the
enhancement of creativity.

The proposed synthesis and model are based in diverse
literature, meaning that even if the cited literature showed
positive effects of DPT on creativity, there are limitations. These
limitations should be taken into account before citing any
generalizations of the effectiveness of this model.

The biggest limitations are, in one part, a lack of well-
designed protocols in certain studies that made it impossible

to include many of them in the review. This is a common
issue in drama-based literature, as most studies do not present
complete reports, often missing critical analysis of results and
deeper statistical analyses. This subsequently makes it difficult
to predict the effects of specific elements of training beyond the
authors’ interpretations, and replication possibilities are therefore
limited.

Consequently, we propose to be very specific regarding the
description of protocols, citing the duration of the intervention:
“how many hours did the intervention last?,” “how many times
a week did it occur?,” “for how long?” while also being specific
about the activities carried on as part of the training: “how was
the training constructed?,” “which type of activity was carried out
first?,” “which one was carried out last?,” “did every session have
the same structure?,” or “which elements of DPT were present
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during the intervention?” Furthermore, we propose to describe
the variables that were measured and the instruments that were
used to measure those variables. Within the literature reviewed,
we had to dismiss interesting studies owing to the fact that
the variables weren’t clear. For example, creativity or empathy
development is referred to without defining the terms or the
instruments used to measure them. It is also established that
DPT had an impact on creativity, but without being specific on
how creativity was measured. How Instruments were constructed
or their validity is not fully explained, and results are reported
vaguely without specifying effect sizes, correlations or even the
significance of results. Consequently, more detailed descriptions
of variables and results are also required.

In this line, the categorization of the elements of DPT helps
us understand what are the specific creative outcomes that have
been developed (or could be developed) through a particular
element of DPT or through an ensemble DPT. Nevertheless,
not all the studies reviewed offer a detailed description of the
activities and elements of each session, making it difficult to
establish whether one of the elements of DPT was not present
in the training where creative outcomes were measured. Future
research in the area should consider providing a more complete
description of the approach, explicitly stating the final objective
of the proposed training. A description of the different types of
activities or elements used could also be important information
that could be used to corroborate or update the proposed model,
with the aim of contributing to the understanding of the process
of creative thinking through DPT. With this kind of structure
complementing by observations, impressions and theories of
researchers and artists, we may develop more holistic, concrete
and valid proofs to ensure the positive impact of DPT and its
elements on children’s development.

Following this lead, even though this review presented
evidence based on experimentation, some elements of DPT are
related to perspectives that go beyond the scope of statistical
findings. In other words, these kind of pedagogies and works
based on dramatic art, demonstrate that scientific evidence
could benefit from arts and humanities for complementing
results, as happened with the case of Kharkhurin’s (2014)
concept of creativity described for understanding creative
outcomes through the corporal expression element of DPT.
A more anthropological perspective of drama would explain
creative thinking through symbolization and transformation
abilities, by the transformation of social interrelations into
symbolic representations of reality. In other words, social
drama would impact creativity through a ritualistic metaphorical
representation of social communities (Turner, 1975; Tydeman,
1988). For example, pretense is the metaphor of reality. Some
studies have related metaphors to creativity related outcomes,

as innovative thinking (Holstein, 1972) as well as metaphor,
seen as the capacity of transforming reality by “existing” in both
a fantasy and a real world (Bolton, 1979) is given thanks to
DPT. In summary, sociological or anthropological perspectives
of creativity and drama give us vast possibilities of discussion
that could be used to complement quantitative analyses in future
work.

On the other hand, The size of our sample seems insufficient
for drawing further conclusions, as the majority of drama-
based pedagogies’ literature corresponds to trainings focused on
academic outcomes, like those included in the meta-analysis of
Lee et al. (2015), and not DPT or creative drama trainings. Thus,
we assume a possible involuntary exclusion of pertinent studies.

In any case, the vast majority of the studies showed that
a drama-based pedagogy following the approach of DPT,
develops creative thinking and creativity related processes in
children. From our perspective, these findings have implications
principally for school teachers and drama pedagogies, as well
as for different professionals and actors in the educational and
psycho-educational fields. We suggest further investigation of
the elements of DPT that enhance creative thinking and a
more thorough report of the studies carried out. Therefore,
we believe that drama-pedagogy studies could benefit from an
interdisciplinary approach in order to conduct studies that could
gather the experience of artists and educators, but at the same
time also report results and analysis of DPT practices in a more
scientific way. This could benefit not only scientific research in
the creativity field, but will also be beneficial for artists who
want to understand the implications of dramatic art for the
development of creativity, as well as for educators who are willing
to develop the creative skills of children and adolescents in their
classrooms.
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Improvisational theater (improv) is supposed to have an impact on cognitive processes
(divergent thinking, flexibility, language, memory, problem solving, and co-construction),
academic performance, and everyday life in many ways. However, little research studied
on the psychological impact of improv, with some results highlighting a divergent thinking
enhancement in children and adults, but not with teenagers, one of the most important
age groups to practice improv. Therefore, this study aims to assess divergent thinking
for middle school students before and after an 11-weeks session compared to a control
group with a sport practice. The Alternative Uses Task (AUT) was used before and
after the session for both groups to evaluate divergent thinking. The improv group had
better performance in originality, flexibility and gave less prototypical items after the
improv sessions compared to before, while the control group performance was similar
before and after. Our results suggest that improv helps teenagers’ divergent thinking to
improve, not only with experimental games in the lab context but also after ecological
sessions. We urge scientists to study in depth psychological impacts of improvisational
theater and applied improvisation, for a better understanding of improv and as a model
to study embodied cognition.

Keywords: improv, divergent thinking, pedagogy, school, embodiment, action

INTRODUCTION

In a fast changing century, many people in arts, science, teaching, management, or technology
wonder how to innovate and produce novel and useful resources, which are the most widely
accepted elements regarding the definition of creativity (Sternberg and Lubart, 1993; Ritter and
Mostert, 2017). Considering this necessity to develop good creativity skills, many people turn to
arts, mostly theater and music. In this context, the success of improvisational theater (improv),
supposed to enhance creativity (Bermant, 2013), spreads into various areas beyond theater (i.e.,
applied improvisation): medical doctors, psychologists, teachers, students, managers, negotiators
and scientists attend improv workshops (Bermant, 2013; Bernstein, 2014; Hainselin et al., 2017b;
Hoffmann-Longtin et al., 2017). The effects of improv on creativity, claimed by improv teacher,
have not yet been studied extensively in cognitive sciences. The most of these studies used some
improv games but not a full cycle usually used in improv training (Lewis and Lovatt, 2013;
Sowden et al., 2015). The current project aims to focus on the impact of an ecological improv
cycle on teenagers, which have never been studied, in our knowledge. In the remaining part of
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the introduction, we will focus on one aspect of creativity
(divergent thinking) and psychological impact of improvisation.

Divergent Thinking
Classic creativity models include the implication of associative
processes (Megalakaki et al., 2012). Lubart (2001, p. 295) specified
the cognitive processes involved in creativity as “a capacity
to produce many ideas (fluency), an ability to change one’s
mental set (flexibility), an ability to reorganize, an ability to deal
with complexity, and an ability to evaluate.” Creativity includes
divergent thinking and convergent thinking. Divergent thinking
supposed to generate multiple different answers or to think
“out of the box.” One of its most common evaluations is the
generation of alternative ideas, as assessed in the Alternative
Uses Task (AUT; Guilford, 1967). Convergent thinking is the
ability to find the most coherent idea of several answers.
This knowledge dependent “evaluation of the novelty” interacts
with divergent thinking and is “most effective in situations
where a ready-made answer exists and need simply to be
recalled from stored information” (Cropley, 2006). While it
is commonly admitted that creativity is both divergent and
convergent thinking, the latter is sometimes referred to as
“uncreative” (Ritter and Ferguson, 2017) and previous research
pinpointed that divergent thinking is a widely accepted measure
of creativity (Runco and Acar, 2012; Kenett et al., 2014).
Mumford’s team (1991) proposed a model highlighting eight core
processing activities for creative efforts: (1) problem definition,
(2) information encoding, (3) category search, (4) specification
of best-fitting categories, (5) combination and reorganization of
best-fitting categories, (6) idea evaluation, (7) implementation,
and (8) monitoring. Although, these eight processes should
be taken into account for creativity assessment, Mumford
et al. (2008), in a Silvia’s et al. (2008) team commentary
paper, wrote that the idea generation measure used in this
latter study is consistent with the traditional approach in
the literature, probably for feasibility issues. Mumford et al.
(1991) suggest that this kind of output-based measure might
mostly reflect the idea generation process and not all of
the eight they highlighted. While we believe research should
focus on assessing these eight core processing activities, we
also know that it is very time consuming and not always
possible in ecological evaluation, especially with children and
teenagers.

Many psychological factors, cognitive and emotional, can
influence divergent thinking (for review and full description
of cognitive processes involved, see Megalakaki et al., 2012).
In its early research, Guilford scored his task for flexibility
(changing from one idea to the others) and fluency (producing
different ideas), two dimensions widely highlighted in the
literature in divergent thinking assessments. Heuristics and
information processing (including the associative processes
of binding) also influence divergent thinking; they can be
related to associative and executive processes (i.e., updating,
switching, inhibition; Beaty et al., 2014). The role of associative
processes, as well as executive control, seems to be particularly
important to divergent thinking (Forthmann et al., 2016).
Indeed, connecting the dots in a particular way, due to

good associative process, might lead to see patterns where
others cannot; in other words, it can be the combination
of remote associations into new and useful combinations
(Kenett et al., 2014). The associative processes have strong
connections with memory to help creativity processes to
emerge (for extended discussion, see Jung and Vartanian,
2018). Personality factors, notably openness, risk taking and
perseverance also have an impact on divergent thinking (Lubart
et al., 2009).

Improvisational Theater
Improvisational theater (improv) is a specific theater form in
which the performance is spontaneous (i.e., without previous
scenario written nor prepared). In this condition, going on
stage without a single prepared word, costume or décor requires
risk taking and perseverance to keep falling and getting up for
every performance (Johnstone, 1999; Bermant, 2013). Hoffmann-
Longtin et al. (2017) recently pinpointed that rather being
innately spontaneous, “professional improvisers develop the
ability to listen closely, focus, accept others’ ideas and support
one another through improvisation games.” In its improv
manual, Tournier (2001) highlights 10 values including to
listen, accept, build, innovate and dare to. In other words, we
can argue that improv is supposed to develop processes that
can be referred to as executive functions (such as flexibility
and fluency), information processing (including binding), in
addition to risk taking and perseverance. Although, there is
very few psychological science papers on cognitive processes
involved in improv, we can highlight that these processes are
very similar to those involved in divergent thinking. Beyond
this obvious overlap, previous improv papers involved cognitive
evaluation.

Cognitive Impact of Improvisation
Improv teachers, learners, and scientists involved in improv
(Bermant, 2013; Bernstein, 2014) or jazz improvisation (Doyle,
2017) usually demonstrate higher levels of creativity, memory,
well-being, and less anxiety, all of which may be possible
improv benefits (Bermant, 2013). However, there is little scientific
evidence for these supposed benefits.

The emotional impact of improv was only very recently
assessed to find it can help reduce anxiety and depression in
young and older (27–72 years old) adults (Krueger et al., 2017).
At our knowledge, only one study assessed the impact of improv
on memory and showed a better ability to remember a dramatic
text when played in an improvisation scene condition compared
to reading only or writing about the scene or group discussions
conditions (Scott et al., 2001). This result is consistent with
the enactment effect (i.e., better memory for performed actions
than for verbally encoded action sentences) and the embodied
nature of improv (Borghi and Caruana, 2015; Hainselin et al.,
2017a). In its history, cognitive and physical dimensions of
improv were always very important, including its name. In
the 1970’s, it was difficult to define improv as an alternative
education tool, a theater or sport practice, leading to refer to
as theatresport (Johnstone, 1999). Most of the studies used
improv exercises thought to enhance divergent thinking, as
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free walking (Kuo and Yeh, 2016), in jazz music (Benedek
et al., 2014), spontaneous sentences and conversation (Lewis and
Lovatt, 2013) or gesture while speaking (Lewis et al., 2015). If
there is some evidence that improv increases divergent thinking
during adulthood, these researches used laboratory situation
with specific exercises, very different from the standard improv
courses. Moreover, they did not use a physical activity control
group to distinguish between the divergent thinking due to
specific improv courses and physical activity’s effect. Improv
games for elementary school children found similar impact on
divergent thinking than for adults (Sowden et al., 2015). In
both studies with adults (Lewis and Lovatt, 2013) and children
(Sowden et al., 2015), participants only took part in a short
session of improv games, but no study assessed the impact of
a more ecological improv program with multiple sessions of
1–2 h.

Thus, this study aimed to evaluate the impact of improv on
teenagers’ divergent thinking, following a standard course and if
it differed from a sports control group. Adolescence is a critical
period for cognitive development; there are many improv courses
for teenagers in middle school but, as far we know, no scientific
study on its impact yet.

MATERIALS AND METHODS

Participants
A total of 35 participants took part in this study; three of them
were not included because of missing data or stopping an activity
before the end; we also excluded 2 teenagers who skipped a
grade to avoid age or intelligence differences. We included 18
participants (9 males and 9 females) for the improv group and
12 (8 males and 4 females) for the control group; all of them
were seventh graders. There was no significant age (improv group
mean = 11.39; SD = 0.50; control group mean = 11.75; SD = 0.62)
[t(20.166) = 1.681, p = 0.108] nor gender [χ2(1) = 0.814,
p < 0.367] differences between the groups. All of them were
French speakers. All teenagers gave their written consent to be
part of the research and we had approval from their parents,
headmasters and teachers. None of them had neurological or
psychiatric history, nor developmental learning disorder.

Materials
The AUT is a task based on Guilford work (1967). Participants
had to list as many possible uses for common items. We had the
same methodology than Lewis and Lowatt paper (2013): the two
items were a paperclip and a remote control and participants had
3 min to list alternative uses for each item. Scoring comprised of
five components:

(1) Prototypical items: Number of prototypical response. For
paperclip, prototypical response would be “holding sheets
of paper together” and for remote control “turn the volume
down” or “change the channel.” The other four components
are classical for AUT, but we added this fifth after observing
72% of our participants gave at least one prototypical use. In
previous divergent thinking studies with similar task, it has

previously been taken into account as “standard actions”
(Harrington et al., 1983) or “usual or popular responses”
(Milgram et al., 1978).

(2) Originality: How original each response is. We compared
each response to every responses regarding one item.
Reponses with over 5% rate are considered common (0
point), between 1 and 5% unusual (1 point) and <1% ones
as unique (2 points). The cumulated score of all given items
for each item is the originality score. The more original the
responses are, the higher the score is.

(3) Fluency: Number of different responses for each item.
(4) Flexibility: Number of different categories for each item.

For example, if a participant wrote “necklace, ring and
earring” as alternative uses for the paperclip, the flexibility
score is 1, as there is one category (jewelry). For a
participant who wrote “necklace, key and Christmas’ tree
decoration,” the flexibility score would be 3.

(5) Elaboration: Amount of details. Each detail adds one point.
For example, “a key” is 0 point but “a key to open the door
which is always locked” is 2 points: 1 for the door opening
and 1 for the always locked detail.

Considering the influence of fluency on originality (easier to
have original answers within 20 propositions than in 5) and
flexibility (more categories can be found within more answers),
and regarding methodological recommendations (Clark and
Mirels, 1970; Mouchiroud and Lubart, 2001), we calculated
a ratio score by dividing prototypical items, originality and
flexibility scores by the fluency score.

Procedure
All participants took the AUT during the week preceding the first
improv course for the pre-assessment and during the week after
the last improv course for the post-assessment evaluation.

The 11 improvisation sessions took place in the teenagers’
school, during lunchtime for 60 min session. Each session theme
is described in Table 1. The control group participants were
enrolled in a sport session for the same amount of time and
frequency.

Statistical Methodology
All data were analyzed with R 3.4.3 (R Core Team, 2017). All
statistical analyses were, respectively, realized on the number of
fluency and the ratio score of prototypical, flexibility, originality
and elaboration items. We carried out each statistical analysis
using repeated measured ANOVA with Group (Improv, Control)
as between participants’ factor and Condition (Pre-assessment,
Post-assessment) as the within-participants factor.

All repeated measured ANOVA met the assumption of
sphericity. When the assumption of normality of residuals
was violated, the rank transformation was realized on the
dependent variables (Zimmerman and Zumbo, 1993). The use of
transformation was indicated in the statistical analysis.

The data and R script to replicate all statistical analyses
are available on the Open Science Framework (OSF) platform
at https://osf.io/ysxer/. Data are avalaible in Supplementary
Material as well.
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RESULTS

Regarding statistical methodology, we present rank transformed
data for the ratio score of elaboration and number of fluency,
but non-transformed data for the ratio score of prototypical
items, originality and flexibility. In summary, for all analyses
(Elaboration, Prototypical items, Originality, and Flexibility)
except for Fluency, we used ratio scores. However, raw data are
available in Table 2 for readers who want the information.

Prototypical Items
We found a main effect of Condition [F(1,28) = 9.713,
MSE = 0.045, p = 0.004, η2

p = 0.258], with a higher prototypical

items ratio in pre- [M = 0.373; SD = 0.323] than post-assessment
[M = 0.166; SD = 0.228], but no Group effect [F(1,28) = 0.004,
MSE = 0.103, p = 0.952, η2

p < 0.001]. There was a Group ×
Condition interaction [F(1,28) = 8.121, MSE = 0.045, p = 0.008,
η2

p = 0.225], such as the improv group gave a smaller prototypical
items ratio in the post-assessment compared to the control
group while there was no difference in the pre-assessment
(Figure 1).

Fluency
The ANOVA revealed a main effect for Condition
[F(1,28) = 4.590, MSE = 168.06, p = 0.041, η2

p = 0.141],
with more items in the post- (M = 4.94; SD = 3.60), than in

TABLE 1 | Improv sessions description.

Session number Theme Example of improv games

Session 1 Presentation, introductive improv games Zip Zap Zop: people pass the energy across the circle (in the form of a Zip, a Zap, or a Zop), they make
eye contact with the person they send the energy to

Session 2 Co-construction Listening to one other improviser’s idea and add a detail to make this idea richer

Session 3 Emotions Turning the emotion volume from 1 (a tiny smile) to 5 (being over the moon)

Session 4 Saying yes Playing a scene without saying no to the other people idea, then saying “yes and” to it

Session 5 Characters An imposed character is given to the improviser who has to play it (i.e., man on the moon, tired pupil)

Session 6 Reactivity All participants had to rank themselves regarding different criteria (i.e., shoe size) within 20 s

Session 7 Improv categories Categories included playing without moving or dubbing (one moves his/her lips while the other speaks)

Session 8 Listening Walking with the eyes closed, only guided by another improviser’s voice

Session 9 Imagination Describe a world where you have never been previously

Session 10 Show preparation 1 Includes all previous sessions themes

Session 11 Show preparation 2 Includes all previous sessions themes

TABLE 2 | Raw data, means, and standard deviation for each condition and group.

Index Score Improv (n = 18) Control (n = 12)

M (SD) Skewness Kurtosis M (SD) Skewness Kurtosis

Pre-assessment

Fluency Raw 4.111 (1.632) 0.360 −0.386 4.167 (1.249) −0.508 −0.753

Prototypical Raw 1.694 (1.426) 0.591 −0.639 0.958 (1.076) 0.952 −0.095

Ratio 0.439 (0.320) 0.038 −1.399 0.274 (0.311) 0.917 −0.193

Originality Raw 2.944 (3.038) 1.550 1.523 3.667 (2.462) 0.210 −1.564

Ratio 0.691 (0.498) 0.342 −1.316 0.822 (0.434) 0.177 −1.304

Flexibility Raw 2.111 (1.844) 1.556 1.894 2.958 (1.544) −0.302 −1.753

Ratio 0.478 (0.273) 0.398 −0.698 0.682 (0.249) −0.562 −0.557

Elaboration Raw 1.000 (0.728) 0.541 −0.324 1.583 (1.104) 0.132 −1.244

Ratio 0.290 (0.267) 1.103 0.540 0.262 (0.404) −0.114 −1.325

Post-assessment

Fluency Raw 6.222 (3.878) 1.397 2.102 4.458 (1.437) −0.492 −1.004

Prototypical Raw 0.472 (0.866) 2.393 5.486 1.125 (1.316) 1.231 0.820

Ratio 0.104 (0.197) 1.940 2.616 0.259 (0.249) 0.462 −1.094

Originality Raw 7.806 (6.576) 1.531 2.735 3.625 (2.196) 0.696 −0.851

Ratio 1.514 (0.426) −0.725 −0.330 0.812 (0.368) 0.147 −1.474

Flexibility Raw 5.111 (3.871) 1.232 1.528 3.083 (1.663) 0.315 −1.678

Ratio 0.786 (0.248) −1.006 −0.461 0.683 (0.236) −0.292 −1.187

Elaboration Raw 1.472 (1.104) 0.747 −0.326 1.417 (2.043) 2.125 3.609

Ratio 0.466 (0.907) 3.245 9.798 0.277 (0.336) 1.884 2.929
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FIGURE 1 | Alternative Uses Task (AUT) prototypical scores for pre- and post-test in the control and improv groups.

the pre-assessment (M = 2.94; SD = 2.03), but no Group effect
[F(1,28) = 0.213, MSE = 421.94, p = 0.648, η2

p = 0.008] nor a
Group × Condition interaction [F(1,28) = 1.196, MSE = 168.06,
p = 0.283, η2

p = 0.041].

Flexibility
There was a main effect of Condition for flexibility
[F(1,28) = 8.436, MSE = 0.041, p = 0.007, η2

p = 0.232], with higher
ratio scores in the post-assessment (M = 0.745; SD = 0.245) than
in the pre-assessment (M = 0.560; SD = 0.279) but no Group
effect [F(1,28) = 0.412, MSE = 0.088, p = 0.526, η2

p = 0.014].
We found a Group × Condition interaction [F(1,28) = 8.371,
MSE = 0.041, p = 0.0072, η2

p = 0.230], such as the improv group
had a higher ratio scores for different categories in the post- than
pre-assessment compared to the control group for which there
was no difference (Figure 2).

Originality
The ANOVA conducted on the originality ratio score
showed a Condition effect [F(1,28) = 6.999, MSE = 0.105,
p = 0.013, η2

p = 0.200], with better performance in the
post-assessment, but no Group effect [F(1,28) = 0.561,
MSE = 0.282, p = 0.460, η2

p = 0.020]. In the same way, we find
a significant Group × Condition interaction [F(1,30) = 4.157,
MSE = 0.131, p = 0.010, η2

p = 0.214], such as the Improv
group outperformed the control group in the post-assessment
condition while they did not differ in the pre-assessment
(Figure 3).

Elaboration
Using the ratio-ranked transformed data, there was no
main effect of Group [F(1,28) = 0.341, MSE = 385.89,
p = 0.564, η2

p = 0.012], Condition [F(1,28) = 1.903,
MSE = 223.76, p = 0.179, η2

p = 0.064] nor Group × Condition
interaction [F(1,28) = 1.962, MSE = 223.76, p = 0.172,
η2

p = 0.065].

DISCUSSION

Our preliminary results confirm that improv can help enhance
divergent thinking skills. We are the first to demonstrate, in our
knowledge, that this effect exists with middle school learners.
We discuss these results at theoretical (divergent thinking) and
applied levels for pedagogical purposes.

Divergent Thinking Evaluations
We found a divergent thinking improvement with better results
after improv for originality and flexibility, but no difference for
fluency nor elaboration. Our results are consistent with short
improv sessions improvements with children (Sowden et al.,
2015) and adults (Lewis and Lovatt, 2013).

The AUT scores showed differences between groups,
conditions and within themselves. We showed improv benefits
for Prototypical items, Originality and Flexibility. The improv
group gave less prototypical items after the session than before.
Prototypical items were not evoked in previous papers using
AUT (Akbari Chermahini et al., 2012; Lewis and Lovatt, 2013),
although it has been scored in similar task (Milgram et al., 1978;
Harrington et al., 1983). In this experiment, we do not know if
our population was particular and might not understand the
instructions (although nothing indicated it), if Prototypical items
were included in the fluency scores or simply not a specific
issue in previous papers. While Flexibility performance was
better for the control group in the pre-assessment, no difference
can be found with the improv group after the improv sessions.
The Flexibility ratio (Flexibility/Fluency) improved only for the
improv group, supporting the binding process enhancement
with improv training hypothesis. Consistently with previous
findings (Lewis and Lovatt, 2013), the improv group participants
were more original (Originality ratio score) than the control
group after the training. In an embodied cognition perspective,
we could hypothesize that repeated practice improves skills
(Ito, 2008) and leads to better knowledge or faster access to
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FIGURE 2 | Alternative Uses Task (AUT) flexibility scores for pre- and post-test in the control and improv groups.

FIGURE 3 | Alternative Uses Task (AUT) originality scores for pre- and post-test in the control and improv groups.

it, thus to more different (original) items in the same amount
of time. Koziol et al. (2012) argued that top down models
cannot explain the continuously adaptive human behaviors and
evolution leading directed to action control and not action per se.
Future improv studies must focus on working memory, binding
and control processes in general, beyond the classic executive
functions definition (Miyake et al., 2000), with a double aim: a
better understanding of improv impact and to develop a new
way to investigate embodied cognition. The embodied cognition
framework (Barsalou et al., 2003) is, in our opinion, the best to
study improv. Barsalou (1999, p. 61) highlighted “the primary
function of cognition is not to archive information but instead to
prepare agents for situated action,” which is the core of improv.

On the null result side, there was no significant improvement
for Fluency nor Elaboration. There is a Condition effect
(post > pre) for the Fluency score, mostly due to the improv
group improvement (+2.1 words on average) compared to the
control group (+0.3 word on average), however, there was no
Group × Condition interaction so we cannot conclude to an

improv specific Fluency improvement here. This unexpected
result is likely due to the important standard deviation in the
improv group post-assessment, and might be different with
a bigger sample. On the qualitative side, it highlights the
heterogeneous profile and progress of teenagers and the need to
address their psychological profile more extensively, including
non-creative fluency (i.e., verbal category fluency test) and
language skills in general. The absence of Elaboration difference
was less of a surprise. Indeed, we can wonder if the classic
Elaboration instructions are explicit enough. Nothing tells they
have to elaborate their answer. In the school context, learners
could give a simple short answer when nothing elaborate is asked,
just because it was not asked. Learners, when they are in a group,
tend to follow the exact instructions and their critical mind is not
always at its best (Lacot et al., 2016). While the AUT is a widely
used divergent thinking assessment, the instructions might need
to be adapted, at least for children and teenagers.

Beyond confirming previous results, these results are
consistent with children and adults’ positive impact of improv
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on divergent thinking. This suggests that the theater part of
improv (also known as theatresports) has some importance in
the divergent thinking enhancement, considering the difference
with our sports control group. We believe further researches are
needed to confirm our results in different ecological situations
and population. Moreover, an in depth evaluation of improvisers’
cognitive and emotional profiles will be needed to understand
which improv components help enhancing divergent thinking.

Pedagogical Issues
While the research on improv might be trending in a few
years, the educational impact has been the center of attention
for decades. The French Education Ministry recently endorsed
improv as a learning tool (Eduscol, 2017), consistent with recent
projects involving with teachers and students (Hainselin et al.,
2017b). In France, not only politics but the media focused their
attention on improv, with a recent documentary Liberté, Egalité,
Improvisez (Freedom, Equality, Improvise, based on France
motto Liberty Equality, Fraternity), following teenagers enrolled
in the Trophée Culture et Diversité (Culture and Diversity
Trophy), a popular improv national tournament (Rotschild
and Bergeon, 2014). Teenage improvisers, their teachers and
parents praised for improv benefits in the classroom: academic
performance, but also well-being, speaking in public skills
and creativity. Robert Gravel, Canadian co-creator of the
improvisational game, said: “The more rigid the structure, the
more immovable the playing area is, the tougher the referee is,
the more impeccable the MC is, then the more the madness is
allowed within the game” (Lavergne and Gravel, 1993). Although,
we obviously prefer divergent thinking over madness, the
artistic point of view converges with scientific evidence. Gravel
emphasized the need for a well-designed and prepared frame to
enhance creation and richer play, which can be translated into
cognitive flexibility and divergent thinking. Stanislavski (2013),
famous Actor’s Studio inspirational model, also encouraged his
actors and trainees to go beyond the classical “as if ” to enhance
personality, emotional and physical believability by demanding
to embody the character.

These artistic anecdotes, combined with the growing literature
on improv should encourage more researchers to run large-
scale scientific research to assess the psychological impact of
improv. A special focus is needed on teenagers, a very critical
period in personality’s development and well-being (Moreira
et al., 2015), notably in intellectually gifted (Villatte and de
Léonardis, 2012). In this perspective, a study is being conducted
to determine the impact of improv exercises on emotional
aspects (i.e., anxiety, self-esteem and well-being) in intellectually
gifted teenagers. The instantaneous adaptation to unexpected
events, a core skill developed in improv, can benefit far beyond
teenagers in their school environment. Previous research suggests

improv can enhance adaptive behavior and metacognition
(Biasutti, 2017). A recent paper highlights the benefits of applied
improvisation for medical students’ training (Hoffmann-Longtin
et al., 2017). One of the twelve tips “collaborate with experts
in university theater departments, community theaters and/or
improvisation ensembles” is particularly relevant for middle
and high schools too, in collaboration with psychologists and
psychology researchers. More particularly, the period of high
performance, synchrony and enhanced sense of togetherness in
improv, named “being in the zone” by Noy et al. (2015), is a
very promising topic of research. In conclusion, improvisational
theater (improv) helps teenagers improving divergent thinking.
While future research is needed on this topic, we hope other
specific psychological topics (i.e., memory, executive functions,
anxiety, well-being, etc.) will be studied within the improv
practice through lifespan.
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The Cognitive Reserve (CR) hypothesis suggests that the brain actively attempts to

cope with neural damages by using pre-existing cognitive processing approaches or by

enlisting compensatory approaches. This would allow an individual with high CR to better

cope with aging than an individual with lower CR. Many of the proxies used to assess CR

indirectly refer to the flexibility of thought. The present paper aims at directly exploring the

relationships between CR and creativity, a skill that includes flexible thinking. We tested

a sample of 72 adults (aged between 45 and 78) assessing both their level of CR and

their creativity. To evaluate CR we used the proxies commonly used in literature, namely,

three subtests from the WAIS (vocabulary, similarities, and digit span) and the years of

education. We also used an ad-hoc test asking people to report how frequently they tend

to perform activities that are believed to increase CR. We used verbal creativity tasks

(alternative uses and generation of acronyms) to assess individual levels of creativity. We

asked participants to describe their main occupation (present or past) and coded each

occupation as creative or not creative. Results (controlling for age-related differences)

showed that scores from the WAIS correlated positively with creativity performance, even

though correlations varied across the subtests. Focusing on the frequency and type of

activities that people perform, and comparing individuals who have or had a creative job

to those with a routine job, a clear relationship between creativity and CR emerged. This

effect was more relevant than the level of job complexity. Implications for the study of CR

and aging are discussed.

Keywords: cognitive reserve, aging, creativity, WAIS, flexibility

INTRODUCTION

The reserve hypothesis has been introduced by Stern (2002, 2006, 2009) to explain individual
differences that allow some people to cope better than others with brain damage. This line
of research has been inspired by the evidence that in some elderly, despite the presence of
considerable brain pathology, no clinically-observable signs or symptoms of a disease are reported
(Mortimer et al., 2003). The reserve model explains this disparity by referring to differences in the
cognitive processes or neural networks underlying task performance. People with higher reserve
can “optimize or maximize performance through differential recruitment of brain networks, which
perhaps reflect the use of alternate cognitive strategies” (Stern, 2002, p. 451). Interestingly, Stern
(2009) also noted that the reserve is relevant not just to the onset of dementia or other neurological,
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age-related diseases, but also to normal aging, as it allows the
aging population to cope more efficiently with age-related brain
changes.

The reserve hypothesis refers to two different models (see
Stern, 2002, 2006, 2009 for extensive reviews): the passive and
the active one. The passive model is also defined as the “Brain
Reserve” and refers to the positive relationship between the brain
size and the ability to cope with pathology without showing
signs of clinical impairment (Stern, 2009). The active model is
usually referred to as “Cognitive Reserve” (CR) and suggests that
different life experiences (such as education, occupation, and
cognitively-stimulating leisure activities) provide a shield against
the effects of brain damage or pathology, helping the individual
to cope by enlisting compensatory processes and slowing down
memory decline in normal aging (Stern, 2009).

In this paper we are going to refer to the active model,
focusing on CR and its possible relationship with creativity.
This relationship can be speculatively inferred by reflecting
on the proxies that are commonly used to measure CR. The
reason why proxies are needed is that CR cannot be directly
measured, as is the case for the brain reserve. For this reason,
it is commonly assessed indirectly by evaluating experiences and
activities that are believed to increase it. As mentioned above,
the most commonly-used proxy measures refer to educational
level and literacy (Stern et al., 1992; Manly et al., 2003, 2005),
occupational status, with a specific attention to occupational
complexity (Stern et al., 1994; Richards and Sacker, 2003; Staff
et al., 2004), and engagement in cognitively-stimulating leisure
activities (e.g., Wilson et al., 1999; Aartsen et al., 2002; Mousavi-
Nasab et al., 2014; Colombo et al., 2018). The cohesion of social
networks (Fratiglioni et al., 2000; Bennett, 2006; Colombo et al.,
2018) and personality variables have been incorporated into CR,
too (Bennett et al., 2006; Wilson et al., 2007). A good example of
how these proxies can be integrated together can be found in the
critical evaluation of the Cognitive Reserve Index questionnaire
developed and validated by Nucci et al. (2012).

A recent meta-analysis (Opdebeeck et al., 2016) supports the
idea that indices of CR are related to cognitive function in
some different domains, although the reported associations are
modest. The authors stressed the need for further studies to more
comprehensively investigate the relationships between CR and
specific, well-defined, cognitive functions in healthy and clinical
populations. Creativity might be one of these functions.

Starting from these remarks, we decided to focus on the
possible relationship between CR (assessed by using education
levels, occupation complexity, and number and frequency
of leisure activities, as well-intelligence tests) and creativity
(assessed using tasks asking to list as many responses as possible
to given stimuli, as often occurs in the assessment of creative
skills) in a healthy aging population. The reason for exploring
this relationship originates from a definition of creativity that,
trying to go beyond differences among different theoretical
perspectives, highlights the common cognitive principles behind
all of them (Antonietti and Colombo, 2013, 2016). From this
perspective, creativity can be declined as three mental operations:
widening (the tendency to keep an open mind and be able to
deal with a high number of elements), connecting (the capacity to

establish relationships among different elements and to combine
them in unusual ways), and reorganizing (being able to change
perspective and invert relationships among elements). CR, as
discussed above, has been defined as a factor that allows the aging
population to use alternative strategies to better cope with age-
related brain damages. Skills required for doing so appear to be
similar to the ones, listed above, that characterize the creative
process. Accessing and applying alternative strategies require an
individual to be able to keep an open mind, establish new and
unusual relationships, and change perspective as requested.

We were hence hypothesizing to find a positive relationship
between levels of CR and levels of creativity in our participants.
A recent study (Palmiero et al., 2016) investigated the possibility
of using creativity as a proxy for CR. Results highlighted that
verbal creativity, but not visual creativity, predicts CR. Other
recent studies explored more indirectly constructs that could be
related to creativity. If is true that creative thinking can be seen as
the result of the concurrent activation of several neural networks
(see, for example, Beaty et al., 2015), the dorsolateral prefrontal
cortex (DLPFC) in particular appears to regulate some aspects
of the creative process (e.g., Chrysikou et al., 2013; Iannello et al.,
2014; Colombo et al., 2015;Weinberger et al., 2017) and flexibility
in thinking (Oldrati et al., 2016, 2018). For this reason, studies
reporting a role of the DLPFC in moderating CR are particularly
relevant to our investigation. Roldán-Tapia et al. (2012) and
Arcara et al. (2017) focused on the relationships between the CR
and several cognitive and executive functions. Results highlighted
that CR levels (mainly education in Arcara and colleagues’ study)
contribute significantly to the performance in tasks that refer
back to functions mainly related to the dorsolateral prefrontal
area. Another study applying rTMS over the DLPFC (Manenti
et al., 2011) on a sample of healthy older adults led the authors to
conclude that left DLPFC rTMS during encoding only resulted
in a disruptive effect among elders exhibiting low memory
performance but not among high performing elders, suggesting
that the underlying mechanisms in the latter group imply a more
distributed recruitment of the contralateral DLPFC to counteract
age-related functional brain loss.

Studies exploring, directly or indirectly, the relationship
between CR and creativity report are at an exploratory level,
hence collecting more data using different measures, as suggested
by Palmiero et al. (2016), to confirm these initial findings seems
to be relevant.

METHODS

Sample
Seventy-two healthy individuals, aged between 42 and 78
(Mean = 58.67; SD = 12.31), joined the study. They were
not balanced by gender (women = 66.7%). Participants
were recruited through posts on local newspapers and by
contacting local senior centers. All participants were from
North and central Vermont and had a high or middle
SES. We followed the APA suggested best practices for
measuring socioeconomic status (http://www.apa.org/pi/ses/
resources/class/measuring-status.aspx). We measured Education
and Occupation (used to assess the CR as well, see details
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below) and also asked participants to report the average family
income. Participants who reported symptoms or diagnosis linked
to dementia or other age-related disorders were excluded.

As a compensation for the time participants spent in taking
part to the present study, after the assessment they received a
free 15-week program designed to enhance the CR by the way of
suggesting relevant activities targeting different proxies reported
in the literature as effective to increase CR.

Tools
Wechsler Adult Intelligence Scale (WAIS)
Subtests from the WAIS-IV (Wechsler, 2008)—namely,
Vocabulary, Similarities, and Digit Span (forward and
backward)—have been used. The Vocabulary subset assesses
word knowledge and verbal concept formation. The Similarities
subtest measures verbal concept formation and reasoning. The
Digit Span subtest focuses on working memory. These subtests
have been reported and used in the literature as a measure of CR
(see, for example, Corral et al., 2006; Solé-Padullés et al., 2009;
Roldán-Tapia et al., 2012).

The assessment was performed following the instructions
indicated in the manual of the WAIS-IV. The conditions of
test application were constant for all participants. Subtests were
applied individually in one session. A trained research assistant
performed all the evaluations.

CoRe-T
To include the specific proxies linked to CR and to assess creative
thinking, we used an ad-hoc questionnaire, CoRe-T (Cognitive
Reserve Test). The questionnaire includes twomain sections (self
report and creative tasks) and five subsections:

1. Self-report data

a. Education: We asked people to report the years of
completed education, including vocational training.
Participants were also asked to list each degree, diploma,
and certificate together with the year it was earned.

b. Leisure activities: Participants were presented with a list of
17 leisure activities derived from the ones reported in the
literature as linked to CR (see Appendix 1 for the complete
list of activities). For each activity, they were asked to
rate (on a 5-point Likert scale, where 1 corresponded to
rarely/never and 5 to often/every day) the frequency of
performing that activity. Respondents were also asked to
report an estimate of the numbers of years they have
been performing that specific activity. Years of activity
were defined as the highest consecutive number of years
performing the activity by using a 3-point Likert scale
(1 = 1 year or less; 2 = 2–5 years; 3 = 5 years or more).
A total score of CR as represented by the frequency of
performing leisure activities was devised by computing the
mean score of the reported frequencies for all 17 leisure
activities listed in the CoRe-T.

c. Occupation history: Participants were asked to list the
general type of occupation, the specific position(s) they
had, and the number of years they have been working in
each position.

2. Creative tasks Two tasks commonly used to assess verbal
creative abilities were chosen to be included in the CoRe-T.

a. Acronyms (Guilford, 1967): Participants were given 5min
to list all the terms that can fit into the three given
acronyms (SOS—OMG—TGIF). The terms had to make
sense together.

b. Alternative uses (Guilford, 1967; Torrance, 1990):
Participants were given 5min to list as many different,
interesting or unusual usages for an empty plastic bottle as
they could.

Participants’ answers to the two creative tasks have been
scored following the guidelines derived from the Torrance
Test of Creative Thinking (Torrance, 1990). For each task we
computed a fluidity score by counting the numbers of valid
answers. Invalid answers for the acronym task were defined
as answers using non-existing words or using terms that did
not make sense together. Invalid answers for the alternative
use tasks were answers according to which bottles are used as
bottles (hence not providing any new use) or where the use
of bottles is missing. Two researchers coded all the answers
independently. An originality scored was computed as well.
After reading all the answers for each task in order to derive
a list of the most common answers, a list of original (i.e.,
not listed among the most frequently reported uses) answers
has been compiled by two researchers. Each individual answer
was then coded as original (1) or not original (0). A final
score was computed by adding the number of original answers.
Cases of disagreement in scoring responses to the creative
tasks were discussed and resolved case by case by the two
researchers.

Procedure
The study has been approved by Champlain College IRB
committee.

Participants who expressed an interested in being
involved in the study were contacted by a member of
the research team to check for eligibility criteria. Eligible
participants booked an appointment to be individually tested.
Before starting the assessment, participants were given the
Informed Consent and were asked to sign it. They were
also given the possibility to ask any questions they might
have.

After this preliminary phase, the three subtests of the
WAIS-IV were administered, followed by the CoRe-T. At the
end of the session, participants were offered to have either
a printed or a digital copy of a training program designed
to increase their CR. The program suggests weekly activities
targeting different proxies reported in the literature as effective to
increase CR.

RESULTS

Before running specific analyses, we checked the dataset looking
for possible outliers. None emerged, so we proceeded to the
analyses keeping all the participants included in the original
sample.
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Effects of CR on Creativity
We performed a series of linear regressions, using CR proxies
(i.e., WAIS-IV subtests scores, years of completed education,
and frequency of involvement in leisure activities) as predictors
and the scores derived from the creative tasks as dependent
variables. Least squared regression was weighted by age. Overall
CR proxies were able to predict performance in the creative
tasks, but different proxies explained different aspects of the
performance (see Table 1).

To investigate the possible specific effects of different types
of leisure activities, we computed frequencies scores of different

categories of leisure activities: creative (i.e., playing music,
making art, attending arts events, etc.), cognitive (i.e., playing
crosswords, using technology to look up information, taking
care of family budget, etc.), physical (i.e., exercising, gardening,
practicing a sport, etc.), and social (i.e., being part of a club, taking
care of a family members, attending social events, etc.).

Then we run the same regression analysis, using the
categories of leisure activities as predictors and the scores
of the cognitive tasks as dependent variables. Least squared
regression was weighted by age. Results are reported in
Table 2.

TABLE 1 | Liner Regression Model considering the effects of CR proxies on creative performance.

b SEb β

ACRONYM FLUIDITY

Constant −15.30 2.77

Similarities 0.49 0.08 0.53***

Digital span 1 0.26 0.21 0.09

Digital span 2 −0.30 0.17 −0.12

Vocabulary 0.13 0.07 0.22

Years of education 0.05 0.15 0.03

Frequency of leisure Activities 3.76 0.50 0.45***

R2 = 0.78; p < 0.001;

***p < 0.001

ACRONYM ORIGINALITY

Constant −18.35 2.11

Similarities 0.45 0.06 0.49***

Digital span 1 0.45 0.16 0.15**

Digital span 2 −0.45 0.13 −0.18**

Vocabulary 0.21 0.06 0.36***

Years of education 0.00 0.11 0.00

Frequency of leisure Activities 3.55 0.38 0.43***

R2 = 0.87; p < 0.001;

**p <0.01; ***p < 0.001

ALTERNATIVE USE—FLUIDITY

Constant −2.37 2.67

Similarities 0.15 0.08 0.17

Digital span 1 −0.98 0.20 −0.34***

Digital span 2 0.23 0.16 0.10

Vocabulary 0.25 0.07 0.44**

Years of education 0.48 0.14 0.29**

Frequency of leisure Activities 1.09 0.49 0.14*

R2 = 0.77; p < 0.001;

*p < 0.05; **p < 0.01;

***p < 0.001

ALTERNATIVE USE—ORIGINALITY

Constant −5.59 2.98

Similarities 0.37 0.09 0.45***

Digital span 1 −0.46 0.22 −0.73*

Digital span 2 0.01 0.18 0.01

Vocabulary 0.12 0.08 0.22

Years of education 0.29 0.16 0.19

Frequency of leisure Activities 1.40 0.55 0.19**

R2 = 0.67; p < 0.001;

*p< 0.05; **p< 0.01; ***p< 0.001
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When examining the creative performance in response to the
acronym task, practicing creative activities improved the task
performance, positively affecting both fluency and originality,
where no type of other leisure activities apparently influenced
creativity. The alternative tasks task returned a different picture.
Fluidity was positively affected by performing creative tasks and
by being physically active and was negatively affected by being
engaged in cognitive activities. Originality was positively affected
by being physically active.

Effects of Creative Activities on CR
We also investigated the possible effects of activating creativity
throughout the life on the different proxies of CR. Participants’
responses to section 3 (Occupation history) of the CoRe-T
were analyzed and different occupations were coded as creative
or non-creative. Jobs were coded as creative if they were not
routine tasks, required constant flexibility of thoughts, changes of
perspective, and creation of new and innovative ideas/solutions.
Cases of disagreement were discussed and resolved case by

TABLE 2 | Liner Regression Model considering the effects of different categories

of leisure activities on creative performance.

b SEb β

ACRONYM FLUIDITY

Constant −3.29 2.32

Creative activities 3.72 1.05 0.60***

Cognitive activities 0.42 0.80 0.05

Physical activities −0.49 0.61 −0.08

Social activities 0.59 0.80 0.11

R2 = 0.47; p < 0.001;

***p < 0.001

ACRONYM ORIGINALITY

Constant −2.84 2.28

Creative activities 3.72 1.05 0.60***

Cognitive activities 0.42 0.80 0.05

Physical activities −0.49 0.61 −0.08

Social activities 0.59 0.80 0.11

R2 = 0.47; p < 0.001;

***p < 0.001

ALTERNATIVE USE—FLUIDITY

Constant 6.53 2.69

Creative activities 2.48 1.22 0.42*

Cognitive activities −1.96 0.93 −0.26*

Physical activities 1.61 0.71 0.28*

Social activities −0.34 0.92 −0.07

R2 = 0.23; p < 0.01;

*p < 0.05

ALTERNATIVE USE—ORIGINALITY

Constant 3.05 2.57

Creative activities 0.74 1.17 0.14

Cognitive activities −0.78 0.89 −0.11

Physical activities 1.60 0.68 0.30*

Social activities 0.61 0.87 0.13

R2 = 0.18; p < 0.01;

*p < 0.05

case by the two researchers who were in charge of all scoring
procedures. Examples of creative jobs were: manager of an art
gallery, musician, college professor, and high school teacher
(these last examples have been discussed but ultimately defined
as creative because of the necessity of constantly vary course
contents or class activities and adopt different perspectives
when interacting with different students). Examples of non-
creative jobs were: lab technician, post office employer or
director, bank teller. An overall evaluation (creative job vs. non-
creative job) was computed for each participant, considering the
prevalent type of occupations and the numbers of years that each
occupation was covered by the participant.

We performed a MANOVA considering CR proxies as
dependent variables, the main type of occupation (creative vs.
non-creative) as a fixed factor, and age as a covariate. Means
scores and standard deviations are reported in Table 3.

Having been employed in creative jobs appears to have a
direct effect on several proxies of CR. The factors more affected
were Similarities [F(1, 69) = 35.40; p < 0.001; η

2
= 0.34] and

Vocabulary [F(1, 69) = 35.69; p < 0.001; η2
= 0.34], followed by

Reverse Digit Span [F(1, 69) = 9.12; p < 0.01; η
2
= 0.12] and

frequency of leisure activities [F(1, 69) = 7.14; p< 0.01; η2
= 0.09].

Performance on the Direct Digit Span task was the only proxy not
affected by the occupation type.

Since the complexity of occupation, as discussed in the
Introduction, has been reported as a factor influencing CR, we
also run a more fine analysis, considering the level of complexity
of occupation as well as the creative components of it. To do so,
we categorized the occupations according to level of complexity
by referring to the description of the specific position each
individual reported in section 3 of the CoRe-T. We divided jobs
into 4 categories: low complexity and not creative (e.g., post
office employer); low complexity and creative (e.g., nanny); high
complexity and not creative (e.g., director of a car rental agency);
high complexity and creative (e.g., director of a music series).
We run another ANOVA, considering CR proxies as dependent
variables, the main type of occupation (divided into the four
levels described above) as a fixed factor, and age as a covariate.
Means scores and standard deviations are reported in Table 4.

TABLE 3 | Mean scores and standard deviation for the different cr proxies

according to occupation creativity level.

CR Proxy Occupation creativity

level

Mean Std. Deviation

Similarities Non-creative 14.56 5.75

Creative 21.56 3.06

Digit Span Direct Non-creative 10.33 2.39

Creative 10.67 1.07

Digit Span Reverse Non-creative 7.00 2.02

Creative 8.56 2.14

Vocabulary Non-creative 30.22 8.11

Creative 41.33 6.20

CR on the base of

frequency of LA

Non-creative 2.67 0.61

Creative 3.11 0.60
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TABLE 4 | Mean scores and standard deviation for the different CR proxies

according to occupation creativity and complexity level.

CR Proxy Occupation creativity and

complexity levels

Mean Std.

Deviation

Similarities Low complexity and not creative 13.80 6.20

Low complexity and creative 25.00 1.07

High complexity and not creative 15.50 5.19

High complexity and creative 20.57 2.71

Digit span direct Low complexity and not creative 9.80 2.28

Low complexity and creative 10.00 0.00

High complexity and not creative 11.00 2.42

High complexity and creative 10.86 1.14

Digit span reverse Low complexity and not creative 7.60 1.23

Low complexity and creative 7.00 1.07

High complexity and not creative 6.25 2.57

High complexity and creative 9.00 2.18

Vocabulary Low complexity and not creative 29.00 6.99

Low complexity and creative 38.50 4.81

High complexity and not creative 31.75 9.33

High complexity and creative 42.14 6.38

Cognitive reserve on the

base of frequency of LA

Low complexity and not creative 3.02 0.46

Low complexity and creative 3.62 0.34

High complexity and not creative 2.23 0.49

High complexity and creative 2.97 0.58

The between-subject test highlighted similar main effects as
the ones emerged from the first ANOVA. They type of job
influenced the performance on Similarities test [F(3, 67) = 15.86;
p < 0.001; η

2
= 0.42], Reverse Digit Span [F(3, 67) = 6.95;

p < 0.001; η
2
= 0.24], Vocabulary [F(3, 67) = 13.50; p < 0.001;

η
2
= 0.36], and Frequency of Leisure Activities [F(3, 67) = 13.28;

p < 0.001; η2
= 0.37]. No effect of the performance of the Direct

Digit Span emerged [F(3, 67) = 1.97; p= 0.13; η2
= 0.08].

A pairwise comparison, performed using Bonferroni
correction, showed significant differences among the levels of
the independent variable. Mean differences and standard errors
are reported in Table 5. Creativity levels rather than complexity
were reliable predictors of the levels of CR proxies. Individuals
with creative occupation performed better in the Similarities
and Vocabularies tests than individuals who had non-creative
occupations, and this was true regardless of the complexity of
the job. The same was true for the frequency of leisure activities:
Participants who had creative jobs reported to be involved more
frequently in different types of leisure activities. No significant
difference emerged for the Direct Digit Span test. Only creative
jobs characterized by high complexity allowed individuals to
score better in the Reverse Digit Span test.

DISCUSSION AND CONCLUSIONS

The present study aimed at exploring the relationships between
CR and creativity. Literature about the role of different proxies
used to assess CR highlighted that most of them share the

common characteristic of allowing the aging population to use
alternative strategies of thought. This would help the elder
to better cope with age-related brain injuries. Skills required
for using these alternative strategies appear to be similar to
the ones that characterize the creative process. To be more
precise, accessing and applying alternative strategies require an
individual to be able to keep an open mind, to establish new
and unusual relationships, and to change the perspective when
required. These mental operations have been used to define a
comprehensive creative process (Antonietti and Colombo, 2013,
2016).

Starting from these similarities, we were expecting to find a
positive relationship between CR and creativity. We explored
both a direct and reverse relationship, and in both cases our
hypothesis was confirmed.

We started by exploring the effects of the proxies most
commonly used in literature to assess CR and explore their
possible influence on the performance of creative tasks (verbal
creativity). Results highlighted that the proxies influenced
performance of creative tasks but in different ways. Individual
cognitive abilities, as measured by the WAIS subtests, had
significant effects on specific aspects of the creative tasks,
depending on the ability that was required the most to provide
good answers. For example, higher scores in the Vocabulary
subtest led participants to be more original when inventing
new synonyms and produce more alternative uses of empty
water bottles. This result is coherent with the definition of
CR as the capacity to recruit different networks, optimizing
the performance, and reflecting the use of alternate cognitive
strategies as needed by the task at hand (Roldán-Tapia et al.,
2012). This finding also confirms the results by Palmiero et al.
(2016), who found that verbal creativity (the same that we
assessed using the CoRe-T) specifically predicts the level of CR.
Interestingly, the performance in the Digit Span test showed
often a negative relationship with the creative performance. It
is likely that individuals were not relying so much on the use
of working memory while facing creative tasks. This result is
coherent to some extent with the results from Arcara et al.
(2017), who reported that a general CR index did not predict
abstract math ability. Even if the Digit Span test is not a
math test per se, it requires the activation of neural networks
related tomathematical thinking, together with workingmemory
(Raghubar et al., 2010). It is worth noticing that literature showed
a positive relationship between working memory and creative
performance (e.g., De Dreu et al., 2008, 2012; Takeuchi et al.,
2011), but it looks like our participants preferred relying on
processes more closely associated with long-term memory (i.e.,
their vocabulary skills). Since most of the studies reported in
literature used a younger population as a sample, this could be
an interested age-related effect to be further investigated in future
studies.

The frequency of leisure activities was the proxy that had
always a significant positive effect on the creative performance.
This could have been because diversifying everyday leisure
activities helps people to generate many different ideas and
to change the mental perspective frequently. To support this
possible reading of the finding reported above, we investigated
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TABLE 5 | Pairwise comparison; mean difference and se for the different CR proxies according to occupation creativity and complexity level.

Mean Difference Std. Error p

Similarities Low complexity and not creative Low complexity and creative −11.03 1.83 <0.001

High complexity and not creative −2.12 1.49 0.95

High complexity and creative −6.47 1.29 <0.001

Low complexity and creative Low complexity and not creative 11.03 1.83 <0.001

High complexity and not creative 8.91 1.93 <0.001

High complexity and creative 4.56 1.75 0.07

High complexity and Not creative Low complexity and not Creative 2.12 1.49 0.95

Low complexity and creative −8.91 1.93 <0.001

High complexity and creative −4.35 1.43 0.02

High complexity and creative Low complexity and not creative 6.47 1.29 <0.001

Low complexity and creative −4.56 1.76 0.07

High complexity and not creative 4.35 1.43 0.02

Digit Span Low complexity and not creative Low complexity and creative −0.18 0.76 1.00

High complexity and not creative −1.24 0.620 0.29

High complexity and creative −1.03 0.54 0.36

Low complexity and creative Low complexity and not creative 0.18 0.76 1.00

High complexity and not creative −1.06 0.80 1.00

High complexity and creative −0.844 0.730 1.00

High complexity and not creative Low complexity and not creative 1.24 0.62 0.29

Low complexity and creative 1.06 0.80 1.00

High complexity and creative 0.22 0.59 1.00

High complexity and creative Low complexity and not creative 1.03 0.54 0.36

Low complexity and creative 0.84 0.73 1.00

High complexity and not creative −0.22 0.59 1.00

Digit Span Reverse Low complexity and not creative Low complexity and creative 0.58 0.83 1.00

High complexity and not creative 1.39 0.67 0.26

High complexity and creative −1.43 0.59 0.10

Low complexity and creative Low complexity and not creative −0.5859 0.8319 1.00

High complexity and not creative 0.8029 0.8729 1.00

High complexity and creative −2.01 0.80 0.08

High complexity and not creative Low complexity and not creative −1.39 0.67 0.26

Low complexity and creative −0.80 0.87 1.00

High complexity and creative −2.81 0.65 <0.001

High complexity and creative Low complexity and not creative 1.43 0.59 0.10

Low complexity and creative 2.01 0.80 0.08

High complexity and not creative 2.81 0.65 <0.001

Vocabulary Low complexity and not creative Low complexity and creative −9.14 2.91 0.01

High complexity and not creative −3.64 2.36 0.77

High complexity and creative −12.51 2.05 <0.001

Low complexity and creative Low complexity and not creative 9.14 2.91 0.01

High complexity and not creative 5.50 3.06 0.45

High complexity and creative −3.37 2.79 1.00

High complexity and not creative Low complexity and not creative 3.64 2.36 0.77

Low complexity and creative −5.50 3.06 0.46

High complexity and creative −8.87 2.28 0.01

High complexity and creative low complexity and not creative 12.51 2.05 <0.001

low complexity and creative 3.36 2.79 1.00

high complexity and not creative 8.87 2.28 0.01

(Continued)
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TABLE 1 | Continued

Mean Difference Std. Error p

Cognitive Reserve on the

base of frequency of LA

Low complexity and not creative Low complexity and creative −0.58 0.21 0.05

High complexity and not creative 0.76 0.17 <0.001

High complexity and creative 0.07 0.15 1.00

Low complexity and creative Low complexity and not creative 0.58 0.21 0.05

High complexity and not creative 1.35 0.22 <0.001

High complexity and creative 0.66 0.20 0.01

High complexity and not creative Low complexity and not creative −0.76 0.17 <0.001

Low complexity and creative −1.35 0.22 <0.001

High complexity and creative −0.69 0.17 0.01

High complexity and creative Low complexity and not creative −0.07 0.15 1.00

Low complexity and creative −0.66 0.20 0.01

High complexity and not creative 0.69 0.17 0.01

the specific role of different categories of leisure activities to
test if we could find a specific effect due to different types of
leisure activities people were involved in. Results highlighted
that, while (as it could be expected) it was the frequency of
engaging in creative activities that predicts best the performance
in the acronym task, the performance of the alternative uses task
was significantly influenced by the frequency of several types
of creative activities. Fluency was significantly predicted by all
categories other than by social activities. Practicing cognitive
actives showed a negative but significant relationship with the
number of alternative uses suggested by participants. Someone
might argue that there is something about engaging in creative
activities that make individuals slightly more conservative in
their choice of responses to divergent thinking tasks. Being more
involved in creative activities should elicit the opposite behavior
since individuals should learn that being free to generate ideas
can be useful and productive, and hence face tasks like the
Alternative Uses with this same perspective. Following this line
of thoughts, it is quite interesting to remark that the originality of
uses was positively related to the frequency of practicing physical
activity. Being involved in a variety of leisure activities might
induce people to figure out alternative uses for objects since these
individuals are probably exposed tomore andmore differentiated
situations. The specific link between practicing physical activities
and being more original in alternative uses task can be partially
explained by referring to existing literature reporting a direct
positive relationship between practicing physical activities and
increasing creative thinking, at least in children (for a review
see Best, 2010; for a meta-analysis see Fedewa and Ahn, 2011).
Future studies should explore better this relationship in an older
population. The only review on the topic (Angevaren et al.,
2008) explores mainly the effect of cardiovascular activities on
cognitive function in the elderly population. From our data, it is
clear that most of the spontaneous physical activities reported by
our participants were not cardiovascular, but more moderate, if
constant. The fact that we found a specific strong effect on the
originality of answers in our sample could also be explained by
observing that gardening was one of the activities included in

this category of leisure activities. Empty plastic bottles could be
used in many different ways while gardening. Specific gardens
or project might lead to inventing different uses according
to specific needs, and this might help to explain this result.
Exploring this effect using a different version of the alternative
uses tasks could help clarifying this point.

We also explored the possible effect of being involved in a
creative job over time on CR. Again, we were expecting a positive
effect, given the overlapping between the cognitive functions
involved in cognitive processes and the ones that promote CR.
The type of job (creative vs. non-creative) influenced almost
all the proxies of CR (both cognitive, as assessed by the WAIS
subtests, and behavioral, as reflected by the frequency of being
involved in leisure activities). The most interesting finding
emerged when comparing creative and non-creative job while
taking into consideration the complexity of the position. This
more refined analysis was performed on the basis of literature
findings suggesting that job complexity can influence CR (Stern
et al., 1994; Richards and Sacker, 2003; Staff et al., 2004). Our
findings showed that the creative component, more than the
complexity per se, affects CR. This result has a direct link with
ourmain research question, which was focused on the similarities
between the mechanisms that have been hypothesized to be at
the basis of CR and to promote it and the ones that have been
supposed to be the commonmental functions underlying creative
thinking.

The study presents some limitations that could be addressed
by future research. First of all our sample was recruited only from
one State, which is characterized by a very rural environment
and has a high percentage of active elders. This might have
affected the results. More data from different environments
should be collected. A second limitation is the size of our
sample. Even if the results always reached acceptable power
levels, the sample per se was quite small. Our results should be
replicated with a larger sample. The current results should be
seen as a first promising step. Our participants also had high or
medium SES: Considering a population from a low SES could
promote a better understanding of CR and could help reaching
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conclusions that could be generalized. We also decided not use
standardized creativity tests, but adopt alternative versions of
creative tasks. Even if this choice can be read as a limitation, using
alternative versions of standard tasks is a relatively common
practice (Guilford, 1967; Torrance, 1990; Colombo et al., 2015).
We decided to pick this route, which allows us to circumvent
copyright issues, because we aim at having the CoRe-T available
to use as a standalone test for CR that includes creative tasks.

This study, though preliminary mainly be because of the
limited sample size, highlighted some new aspects that can help
clarify the specific nature of the cognitive mechanism underlying
CR, especially its close relationship with creative thinking and
the level of creativity of previous occupations, a link that has not
been explored so far, to our knowledge. This might be useful in
devising program to increase CR by focusing on creative tasks,
which could be perceived as engaging and motivating for the
elderly population.

Our data also offer suggestions on an alternative way to assess
CR. Creative tasks could be added as proxies to assess CR. This
has been already suggested in literature (see Palmiero et al., 2016)
but our data allow to be even more detailed in suggesting how to
include creativity in a CR assessment. A combination of creative

tasks and a focus on lists of leisure activities that could be easily
categorized to examine the frequency of creative vs. cognitive, vs.
physical, vs. social activities could be beneficial both in clinical

and experimental settings. More data from an instrument like the
CoRe-T, used in the current study, could help researchers moving
in this direction.
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APPENDIX 1—LIST OF LEISURE
ACTIVITIES ASSESSED USING THE
CORE-T

Frequency of activity is based on an average week.

1 2 3 4 5

Rarely/Never Often/Everyday

Activity Frequency Years

Example: Playing Chess 4 2

Reading (Magazines, Newspapers)

Use of Technology (Cellphones,

Computers)

Use of Other Language

Physical Exercise

Bank Account Management

Puzzles (Crossword, Word Search)

Reading (Books, Novels)

Music (Listening, Playing)

Gardening

Cooking

Art (For self)

Art (For Showcase)

Social Based Clubs (Book Clubs,

Knitting Club, Etc.)

Taking Care of Others

Taking Care of Pets

Managing Family Budget

Playing Sports

Other:
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The right cerebral hemisphere plays a crucial rule in spatial cognition, spanning from
perception of elementary features, such as location, color, line orientation or shape to
representation of different spaces (3D space, allocentric, egocentric, face, personal,
peri-personal, or imaginal). One important aspect of its contribution concerns the
perception of space symmetry and the representation of objects and scenes, with
reference to the midline or body axis. This representation results from a balance
between spatial attention processes depending from the two hemispheres. Healthy
participants tend to show a discrete deviation of the midline plane representation
toward the left side, that is likely to result from the predominance of the activity of
the right cerebral hemisphere, mainly oriented toward the contralateral side of space.
The visuospatial abilities of the right hemisphere, especially for the representation of
the midline plane are crucially engaged in painting and drawing processes in artists.
Interestingly, the distortions created by painters of the Cubism period, characterized by
an asymmetry of objects and body representations, a specific enlargement or reduction
of parts of space, or even by complex distortions of 3D space are analogous to
those classically reported in right-brain-damaged patients (unilateral spatial neglect,
hyperschematia, constructional apraxia). Understanding the pathological mechanisms
of these representation disorders provides meaningful information to apprehend visual
artist creations and esthetic perception of space.

Keywords: space representation, neglect syndrome, hyperschematia, right hemisphere damage, egocentric
representation

INTRODUCTION

One popular distinction for the internal representations of the surrounding world in humans is
between verbal and visuo-spatial dimensions (see, e.g., Struiksma et al., 2009). The former mainly
depends on the left cerebral hemisphere which is involved in linguistic processes. The latter is
mainly related to the activity of the right cerebral hemisphere, which plays a crucial rule in spatial
cognition, spanning from perception of elementary features, such as location, color, line orientation
or shape to representation of different spaces (Devinsky, 2009; Koch et al., 2013; Zaidel, 2013;
Gainotti, 2014; for reviews of different aspects of the processes related to the activity of the right
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hemisphere, and to the disorders brought about by right
hemispheric damage). However, these two types of representation
are closely linked: for example, when reading the verbal
description of a natural space, as for example the description
of the Fontainebleau forest by Gustave Flaubert (1821/1880)
in his famous novel entitled ‘la vie sentimentale’, we can
spontaneously create an inner visual image of the forest
which contributes to reinforce the poetic dimension of the
narration. In the same way, when looking at an oil-painting
of the Fontainebleau forest made by a French painter of
the Barbizon school, Camille Corot (1796/1875), in the same
era, we could name and identify the different space parts of
the image (see Figure 1). This distinction between two types
of explicit space representation for perception – verbal and
visuospatial – is also relevant for the clinical description of
cognitive deficits due to focal damage of the brain, especially
following a damage of the right hemisphere, where different
deficits could be described. These deficits are evidenced in tasks
of drawing from memory or by copy. They may be omissions,

additions or distortions of parts of the object or the entire
object.

SPATIAL DISTORTION AFTER RIGHT
BRAIN LESION

One interesting feature of misrepresentation concerns the
perception of size (and volume) and the midline axis (Milner
and Harvey, 1995; Milner et al., 1998). These distortions can be
characterized by a size reduction, up to a total omission, of the left
part of an object drawn, as illustrated by the object-centered (or
allocentric) deficit of left spatial neglect. Sometimes, an expansion
of the right hand-side of the object drawn, when productive
manifestations with graphic perseverations and/or hypergraphia
are also present (Rusconi et al., 2002; Ronchi et al., 2009). This
size (and volume) asymmetry may reflect the combination of
two underlying disorders of the unilateral neglect syndrome: an
ipsilesional bias of the orientation of spatial attention, and an

FIGURE 1 | Two types of explicit (verbal and visuospatial) space representation: example of the Fontainebleau forest. Oil painting La Forêt de Fontainebleau, par
Camille Corot (1833) – Reproduced from National Gallery of Art, Washington DC with permission. Verbal description (in French and in English) by Gustave Flaubert
(1821/1880) in the novel “la vie sentimentale” 3ème partie chapitre III, page 483. “La diversité des arbres faisait un spectacle changeant. Les hêtres, à l’écorce
blanche et lisse, entremêlaient leurs couronnes; des frênes courbaient mollement leurs glauques ramures; dans les cépées de charmes, des houx pareils à du
bronze se hérissaient; puis venaient une file de minces bouleaux, inclinés dans des attitudes élégiaques; et les pins, symétriques comme des tuyaux d’orgue, en se
balançant continuellement, semblaient chanter”. “The variety of trees furnished a spectacle of the most diversified character. The beeches with their smooth white
bark twisted their tops together. Ash trees softly curved their bluish branches. In the tufts of the hornbeams rose up holly stiff as bronze. Then came a row of thin
birches, bent into elegiac attitudes; and the pine-trees, symmetrical as organ pipes, seemed to be singing a song as they swayed to and fro”.
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impaired building and/or exploration of internal representations
of space (Bisiach et al., 1994; Vallar, 1998; Ricci et al., 2000, 2004;
Rode et al., 2017).

In others cases, this asymmetry of size (and volume) can
be characterized by a systematic enlargement of the left-hand
side of objects drawn from memory and by copy. This much
infrequent deficit is observed in right-brain-damaged patients,
regardless of the presence of the unilateral neglect syndrome,
and has been termed “hyperschematia” (Rode et al., 2006). In
a previous study, we have reported a series of 7 right-brain-
damaged patients showing this spatial distortion for left extra-
personal space. Hyperschematia can affect drawing of many
different objects as such as a daisy, a tree, a butterfly, a man, a
house or scene, the whole of an object, but also some parts of it
(Rode et al., 2014). Hyperschematia can also evidenced in three-
dimensional (modeling), visuo-contructional tasks, reinforcing
the mainly spatial nature of the deficit (Rode et al., 2008) (see
Figures 2, 3). The disorder remained unchanged when patients
were asked to draw in a blindfold condition (Rode et al., 2006).
Hyperschematia is most frequently contralateral to a lesion of the
right hemisphere, and as for left spatial neglect, (Ronchi et al.,
2014). Patients are not aware of the disorder.

Importantly, when patients were asked to perform an
estimation of the two horizontal length of two rectangles, by
perceptual matching, the comparison of the performances of
seven patients with left hyperschematia and controls revealed

FIGURE 2 | Asymmetry of size (and volume) of objects in drawings of a daisy
(A), a guitar (B) and a butterfly (C) and in modeling a daisy from memory (D)
in patients with left Hyperschematia (Rode et al., 2014). Patients showed a
contralesional productive behavior, characterized by systematic left-sided
expansion of drawings and addition of more left-sided details to the drawn
object, contralateral to the side of the lesion (daisy).

only a trend toward significance. However, the analysis of the
individual scores of patients indicates that only four out of
the seven patients showed a rightward overestimation; two
patients performed as the control group of neurologically
unimpaired participants, and one patient presented with an
opposite pattern, namely a leftward overestimation. A disorder
of perceptual estimation of lateral extent cannot account for
hyperschematia in drawing, being possibly instead an associated
deficit with no direct causal relationships with hyperschematia.
Conversely, when patients were asked to reproduce the length of
a horizontal segment (line extension task), the comparison of the
performances of seven patients and controls showed a significant
overextension in leftward line extension, while rightward line
extension was within the normal range (see Figure 4).

These findings suggested that hyperschematia occurs when
operations (including planning and execution of motor acts in the
left side of space) are required. Moreover they suggest that this
non modality-specific distortion of space representation could
be due to a lateral anisometry of the internal representation of
space, namely: the spatial medium with a leftward relaxation
(Rode et al., 2006, 2008). This leftward relaxation of spatial
representation can be illustrated by this oil painting made by a
right-brain-damaged patient (see Figure 5 and also Rode et al.,
2014).

More generally, a disproportionate enlargement of space
representation may also affect bodily space. The first description
was provided by the French otolaryngologist Pierre Bonnier
(1905), based on the clinical observation of patients with
vestibular disorders of peripheral origin (for an historical
note see Vallar and Rode, 2009: see also Bonnier’s, 1905
book “Le vertige”). Bonnier reported that these patients
may subjectively feel that their body or body-parts are
disproportionately enlarged, and interpreted this disorder
as a pathologic expansion of the spatial representation of the
body or body parts (hyperschematia) (Vallar and Papagno,
2003). These feelings also resemble those reported by patients
with macrosomatognosia or asomatognosia hallucinations,
with patients referring the feeling that one or more parts
of their body are disproportionately larger (Lhermitte and
Tchehrazi, 1937; Frederiks, 1969; Denes, 1989), after paroxysmal
cerebral disorders such as epilepsy, migraine and hypnagogic
hallucinations (Kew et al., 1998; Podoll and Robinson, 2002),
somatosensory loss consecutive to a local anesthesia (Gandevia
and Phegan, 1999; Paqueron et al., 2003), or a brainstem lesion
(Rode et al., 2012). But, unlike hyperschematia for extra-personal
space, patients are always aware of their deficit, suggesting
different underlying neural and functional mechanisms and
neural processes for disorders affecting the representation of the
size (and the volume) of a portion of extra-personal or personal
spaces.

SPATIAL DISTORTION IN PAINTING

The visuospatial abilities of the right hemisphere, especially those
dedicated to the representation of size (and volume) and the
midline plane, are crucially involved in painting and drawing
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FIGURE 3 | Asymmetry of size (and volume) of objects in drawings of a man from memory (A,B) and in modeling a man from memory (C) in patients with left
hyperschematia. Patients showed a left-hand side enlargement concerning all drawn or modeled body parts: head, arm, chest, and leg.

FIGURE 4 | Line extension task. Mean (SEM) LIs of the seven right brain
patients and six control participants for rightward (R) and leftward (L) extended
lines (length: 4, 6, and 8 cm). The subject had to reproduce the length of a
horizontal line in two rightward and leftward movement conditions. In each
condition, the end of the line was aligned with the mid-sagittal plane of the
body, and the patient reproduced the perceived length of the segment with a
rightward or leftward extension. The stimuli were horizontal twenty-four black
lines, 1 mm in width, with eight lines for three lengths (4, 6, and 8 cm). The
length of the segment drawn by each subject on each trial was measured to
the nearest mm. For the leftward extension of each line drawing, a following
laterality index score (LI) was computed: Leftward extended length minus
length of the right-sided line/leftward extended length plus length of the
right-sided line × 100. For the rightward extension of each line drawing, the LI
was: Rightward extended length minus length of the left-sided line/rightward
extended length plus length of the left-sided line × 100. Positive/negative
values of the LI indicate over/under-extension. Mean LIs were computed for
the two directions of extension (rightward, leftward), and for three line lengths
(4, 6, and 8 cm). All seven patients and six controls were tested. The Figure
showed that 7 patients make a leftward overextension for three line lengths (4,
6, and 8 cm) while laterality scores for rightward extension do not differ from
those of controls.

processes in artists. Many artists have been interested in the
perception and representation of space from the Renaissance
to modern times. At the beginning of the twentieth century
(1907), Georges Braque and Pablo Picasso created a new artistic
movement “Cubism,” which proposed a new approach to the
perception and representation of space. Cubism was a revolution
in painting and sculpture, and also influenced architecture,
literature and music. Their goal was to deconstruct the Euclidean
space and to materialize new alternative representations. This
new space of cubists was characterized by a substitution of the
frozen perspective of classical painters by a moving perspective.
The discovery of cubists has been to show all objects from all sides
at once, i.e. merging several viewpoints (Paulhan, 1993).

This deconstruction of space concerned the symmetry of size
(and volume) and the representation of the plane midline. It can
be illustrated by the oil painting intitled “Guitare et bouteille de
marc sur une table” (Braque, 1930), which is a still life composed
of several objects placed on a pedestal table. In addition to
removing all coherent perspectives, the shape of the represented
objects is asymmetrical; for example, for the guitar, the left half of
the widened box is enlarged contrasting with an enlargement of
the opposite part of the rose and the neck (see Figure 6A). These
asymmetries of size and volume contribute to creating distortions
in the representation of space and object, and thus materialize a
new space in Braque’s own words: ‘What attracted me greatly and
which was the main direction of Cubism was the materialization of
this new space that I felt. So I began to do mostly still-life, because in
nature, there is a tactile space, I will say almost manual. It was this
space that attracted me a lot. For this was the first Cubist painting,
the search for space. “G. Braque. (cited in: Vallier, 1954).

G. Braque also applied this new materialization of space to
the bodily space. The oil painting untitled “Le Duo” painted in
1937, is an illustration. Braque represented two persons in front
of an upright piano. The body of the woman sitting in front of
the piano is unstructured; the bodily space is separated into two
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FIGURE 5 | Oil painting from memory of a right brain damaged patient.

FIGURE 6 | Oil paintings of Georges Braque. “Guitare et bouteille de marc sur une table” (1930) – Reproduced from Cleveland Museum of Art with permission (A);
“Le duo” (1937) – Reproduced from photo © Centre Pompidou, MNAM-CCI, Dist. RMN-Grand Palais/Philippe Migeat with permission (B).

asymmetrical halves: an enlarged left hemi-body seen from the
front and in the light and a shrunken right hemi-body seen in
profile and in the shadow (see Figure 6B). This deconstruction-
reconstruction of the bodily space and the distortions that are
attached to it allowed Georges Braque to represent all the possible
perspectives of the bodily space on the same plane with a
displacement of the middle axis of the body. These contribute to
create a new esthetic representation of bodily space that Braque
will further deepen in his subsequent works.

It is interesting to compare these distortions with the
spatial distortions produced by patients with hyperschematia.
In these two a priori remote situations, there is a loss
of the symmetry of representation of size and volume
and a displacement of the representation of the middle
axis. In G. Braque, these distortions are the result of a
creative and conscious process, while the “hyper schematic”
ones result from an unconscious process as suggested by
the patients’ unawareness of the disorder. Nevertheless, in
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both situations, the result consists in the building up of an
asymmetric representation of space and body midline.

However, these two types of distortions ask about the neural
processes underlying the building of these representations of
size, volume, and bodily space. These result from a balance
between spatial attention processes of the two hemispheres.
Healthy participants tend to show a discrete deviation of the
midline plane representation toward the left side, reflecting
the predominance of the right cerebral hemisphere activity
for the contralateral space. This predominance is dramatically
reduced after damage of the right hemisphere producing various
distortions of extrapersonal and bodily space (Irving-Bell et al.,
1999; Vallar and Bolognini, 2014). Hyperschematia constitutes an
uncommon example of a distortion affecting size (and volume)
and space. The disorder is most frequently contralateral to the
right hemispheric lesion, as left spatial neglect. However, a few
reports of ipsilesional right hyperschematia (Saj et al., 2011),
and of ipsilesional right overextension (Bisiach et al., 1998)
have been reported. Overall, these distortions suggest that the
unbalance between the spatial processes of the two hemispheres
is not confined to an ipsilesional orientational bias of spatial
attention, that may account for the defective manifestations of
spatial neglect but also concerns the representational dimension
(Bisiach et al., 1996; Savazzi et al., 2007; Manfredini et al., 2013;
Vallar and Bolognini, 2014).

Similar neural processes may be at work during artistic
creation, reinforcing the idea that one intriguing aspect
of the ‘spatial brain’ is its capability to construct non-
Euclidian representations of extrapersonal and bodily spaces.
This widening of the left side spatial representation can be seen as
an alteration of the internal function of measuring distances, also
called the metric in mathematics. The patient would then present

a non-constant right-to-left metric that would increase perceived
distances in the controlesional side. Unconsciously, the patient
distributes his painting homogeneously in a reference system
whose calculation of distances undergoes a transformation
gradient on a right / left axis. According to the same scheme,
Cubist artists would make the voluntary choice, based on a
more or less conscious evaluation of space, of modifying the
metric of their drawing locally on its elements and thus produce
multiple deformations depending on the position on the final
work similarly as they do to encode depth in their paintings.
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Creativity is the foundation of human culture. All inventions and innovations in history
rely upon us to break with the traditional thinking and create something novel. A number
of neuroimaging studies have explored the neural mechanism of creativity. However,
a majority of researches have focused only on the stationary functional connectivity
in resting-state fMRI and task-related fMRI, neglecting the dynamic variation of brain
networks. Here, we used dynamic network analysis to investigate the relation between
the dynamic reorganization of brain networks and verbal creativity in 370 healthy
subjects. We found that the integration of the left lingual gyrus and left middle
temporal gyrus (MTG) in default mode network (DMN) and the integration of the
DMN and cerebellum, frontoparietal task control network (FPTC) and auditory network
(Aud) showed positive correlation with verbal creativity performance. In addition, the
recruitment of the bilateral postcentral gyrus from the sensory/somatomotor network
(SMN) and the recruitment of the SMN in general displayed a significant correlation
with verbal creativity scores. Taken together, these results suggested that the dynamic
reorganization among the brain networks involved multiple cognitive processes, such
as memory retrieval, imaginative process, cognitive control – these are all important
for verbal creativity. These findings provided direct evidence that verbal creativity was
related to the dynamic variation of brain mechanism during resting-state, extending past
research on the neural mechanism of creativity. Meanwhile, these results bought about
new perspectives for verbal creative training and rehabilitation training of depression.

Keywords: creativity, resting state, dynamic reorganization, brain networks, neural mechanism

INTRODUCTION

Creativity is the foundation of human culture. All inventions and innovations in history rely upon
us to break with the traditional thinking and create something novel. Creativity is generally defined
as the capability of generating original and useful products (Runco and Jaeger, 2012). Based on
the definition, the psychometric measurements about creative performance mostly depend on
divergent thinking (DT) tasks, in which individuals are asked to think of several possible solutions
to open questions (Runco and Acar, 2012). The most common DT task is the Alternative Uses Task
(AUT), in which subjects should generate various suitable and creative usages of familiar items, such
as a tin (e.g., “eating”) (Guilford, 1967). Then the answers are scored for three dimensions including
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fluency (the amount of possible solutions), flexibility (the amount
of solutions classifications), and originality (the unusual of
solutions) (Guilford, 1967).

Recently, neural mechanism has increasingly been the hot
topic of research in creativity. Although there is a lack of
agreement about the neural mechanism of creativity, there
was some overlap in brain activated regions, involving the
prefrontal cortex (PFC) (Arden et al., 2010), middle temporal
gyrus (MTG) (Mark et al., 2004; plosbiology, 2004), posterior
cingulate cortex (PCC) (Dietrich and Kanso, 2010; Zhang H.
et al., 2014), and posterior parietal cortex (PPC) (Howard-Jones
et al., 2005; Mashal et al., 2007). A meta-analysis based on the
activation likelihood estimation showed that the lateral PFC,
PPC, and left MTG were typically activated under DT tasks (Xin
et al., 2015). Furthermore, Wei et al. (2014) reported that the
great DT tasks performance was related to stronger strength
of functional connectivity (FC) between the medial PFC and
the MTG during resting-state. Meanwhile, some studies showed
the results of brain structure in creativity. For example, better
creativity performance was related to increased gray matter
thickness in the right PCC (Clark et al., 2013). Lower gray matter
thickness in the lingual gyrus was correlated to higher DT tasks
scores (Mula et al., 2016).

However, the process of generating novel ideas is not only
involved in some specific brain regions. Rather, it mostly
depended on cooperation among multiple brain networks
(Dietrich, 2007; Dietrich and Kanso, 2010). Recently, research has
also focused on the large-scale functional networks in creativity,
and revealed two key networks: default mode network (DMN)
and frontoparietal network (FPN). The DMN comprised of the
medial PFC, the PCC, the precuneus, the MTL, and bilateral
inferior parietal lobes (IPL), which were often activated in DT
tasks (Fink et al., 2010; Sun et al., 2013). This network was
consistently activated in the absence of external task demands
and deactivated during an external task (Kim et al., 2014; Luo
et al., 2015). As it was in the absence of cognitive control
(van den Heuvel and Hulshoff Pol, 2010), the DMN may be
a benefit to the creative thoughts to enter our consciousness
(van den Heuvel and Hulshoff Pol, 2010; Beaty et al., 2014).
The FPN was associated with the top-down control of cognitive
and executive. It included lateral prefrontal and anterior inferior
parietal regions, which were also continually activated in
creativity tasks (Abraham et al., 2012; Zabelina and Andrews-
Hanna, 2016). Regions of the FPN played a critical roles in the
process of generating novel ideas. For example, great cognitive
manipulation facilitated the concentration of thoughts details
and the assessment of the usefulness of creative ideas (Carter and
Veen, 2007; Ellamil et al., 2012).

In addition, a great deal of recently published papers have
revealed the relationship between FC of the DMN and FPN and
creative performance (Beaty et al., 2014; Shi et al., 2018b). For
example, Zhu et al. (2017) showed that the coupling between
the DMN and FPN was obviously associated with creativity
scores. However, a majority of research has focused only on
the stationary functional connectivity in resting-state fMRI and
task-related fMRI. The latest studies have revealed that brain
network organizations varied more and less at any time (Zhang

X. et al., 2014), which makes it possible to study the fluctuation
characteristics of the brain networks over time by following
the immediate interaction patterns among brain regions
(Madhyastha et al., 2015; Tagliazucchi and Laufs, 2015). To date,
most studies about the association between the brain networks
and creativity overlooked the dynamic reorganization of the brain
networks. Intriguingly, the flexibility among the networks has
been proved to be associated with cognitive flexibility (Bassett
et al., 2011; Bertolero et al., 2015). Dietrich (2004) showed that
creativity was the essence of cognition flexibility, which could
promote change of thinking to adapt environmental variation,
and bring about the production of creative ideas and invention
(Dietrich, 2004; Barbey et al., 2013). All in all, the cognition
flexibility in creative people may reflect in dynamic changeability
and reorganization among the brain networks during the resting
state. Therefore, the present study investigated the correlation
between the dynamic reorganization of brain networks and
creativity.In the current study, the participants completed an
AUT and intelligence test after measured neuroimaging. Given
that the past studies had indicated that creative thinking was
related to the cooperation between the DMN and FPN (Beaty
et al., 2014, 2015; Zhu et al., 2017; Shi et al., 2018b), we
hypothesized that the dynamic communication between the
DMN and FPN might be also related to creative performance. To
address this hypothesis, we used dynamic network construction
and multilayer community detection to explore the relationship
between dynamic communication patterns among the brain
networks and creative performance.

MATERIALS AND METHODS

Participants
A total of 410 healthy undergraduates were recruited from
Southwest University in China. Seventeen participants did not
complete the behavioral test, and fifteen participants did not
participate in the scanning. Eight subjects were excluded because
the maximal head motion between volumes in each direction
exceeded 3 mm or rotation about each axis exceeded 3◦. Then,
370 undergraduates (166 males; mean age = 19.98, SD = 1.27)
were included in the next analyses. Based on a self-report
questionnaire before scanning, none of them had reported a
history of neurological or mental illness or substance abuse.
All subjects signed the written informed consents. This study
was approved by the Institutional Review Board of Southwest
University Imaging Center.

Assessment of Creativity
We measured creative cognition using AUT from the verbal form
of the Torrance Tests of Creative Thinking (Torrance, 1974).
Subjects were asked to list as many interesting and unusual uses
as possible for a cardboard box using paper and pencil within
10 min. We calculated three different creative dimensions scores,
including (1) originality (the ability to produce uncommon
ideas), (2) flexibility (the ability to generate more different kinds
of ideas), and (3) fluency (the ability to generate more meaningful
ideas). Three trained raters assessed responses of all participants
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based on previous guidance (Chen et al., 2014), and the inter-
rater correlation coefficient was adequate (ICC > 0.90).

Assessment of General Intelligence
As a test of general intelligence, all participants completed the
Combined Raven’s Test (CRT). The CRT consists of Raven’s
colored progressive matrix (A, B, and AB sets) and Raven’s
standard progressive matrix (C, D, and E sets), which have
been widely used in Chinese populations with a high degree
of reliability and validity in measuring general intelligence
(Wang et al., 2007; Tang et al., 2012). The index of general
intelligence was calculated by the total number of correct answers
given in 40 min.

Data Acquisition and Preprocessing
Functional imaging data were collected on a Siemens 3T
Trio scanner (Siemens Medical Systems, Erlangen, Germany).
Resting-state fMRI was conducted with the following EPI
sequences: TR = 2000 ms, TE = 30 ms, field of view
(FOV) = 220 × 220, flip angle = 90◦, slices = 32, thickness = 3 mm,
slice gap = 1 mm, voxel size = 3.4 × 3.4 × 4 mm3. The
scanning lasted 8 min and contained 242 volumes. During the
scanning, all participants were asked to close eyes and rest, but
not to fall asleep.

The fMRI data were preprocessed using the advanced Data
Processing Assistant for Resting-State fMRI (DPARSF1) (Chao-
Gan and Yu-Feng, 2010; Yan et al., 2016), which is based on
Statistical Parametric Mapping (SPM2). Specifically, the first 10
time points were discarded to suppress the equilibration effects
and accommodate subjects’ adaptation to the environment. The
remaining volumes were slice timing corrected, realigned, and
spatially normalized to the MNI template and resampled to
3 × 3 × 3 mm3. Then, nuisance signals including cerebrospinal
fluid, white matter, and head motion parameters and their
derivatives based on the Friston 24-parameter model were
regressed out in order to control the potential influence of
physiological artifacts (Friston et al., 2015). In order to better
remove head motion effects, each bad time point was regarded
as a regressor. The bad time points were defined as volumes with
framewise displacement (FD, Jenkinson) > 0.2 mm, as well as
the two volumes succeeding and one volume preceding any such.
The Jenkinson FD (Jenkinson et al., 2002) was used due to its
consideration of voxel-wise differences in motion in its derivation
(Yan et al., 2013). Additionally, linear and quadratic trends were
also included as regressors, since the BOLD signal exhibits low-
frequency drift. Finally, we conducted spatial smoothing with
4 mm full width at half maximum Gaussian kernel and bandpass
temporal filtering (0.01–0.1 Hz).

Dynamic Network Construction
Large-scale networks were established according to Power’s
template, 264 regions are widely distributed across the whole
brain and include fourteen large-scale networks (Power et al.,
2011). Considering that signal intensity may be poorer in certain

1http://www.rfmri.org/DPARSF
2http://www.fil.ion.ucl.ac.uk/spm

locations of the brain, 11 nodes in locations of lower BOLD
signal were identified and discarded by using Wig’s approach
(Wig et al., 2014); thus, 253 nodes were reserved. A sliding-
window method was used to investigate the dynamic fluctuation
of FC in each window. A time series of each ROI was acquired
by averaging the BOLD signals from all voxels in this region,
and the FC strength was examined by calculating the Pearson
correlation of the time series between pairs of regions. Small and
large windows were associated with a narrow range of network
flexibility values across the brain, while medium windows (75 s,
100 s) uncovered a wide range of network flexibility (Telesford
et al., 2016). Meanwhile, given that one TR is 2 s in this study and
more windows are needed to track dynamic trajectories, window
length was therefore set to 50 TRs, and the time gap of each
window was set to 1TR, yielding 183 overlapping time windows
to capture the temporal fluctuations of FC during a short period;
next, Fisher’s z-transformation was applied to improve normality.

Multilayer Community Detection
To explore the temporal evolution of modular structure in
dynamic FC, we used a generalized Louvain algorithm to find the
putative functional modules that based on the optimization of the
modularity quality function (Telesford et al., 2016). Considering
the fact that the multiple adjacency matrices correspond to the
consecutive single time window, we connected the adjacent time
windows by adding interlayer connections between each node
and itself in the adjacent window (Mucha et al., 2010; Bassett
et al., 2011). More details about this algorithm was provided in
the Supplementary Material.

Recruitment and Integration
Results of the multilayer community detection are shown in a
partition matrix (nodes × layers), whose elements represent the
community assignment of brain region i in layer l. The multilayer
modularity quality function simultaneously and optimized
assigns brain regions to communities in all layers so that
community labels are consistent across layers, thus avoiding the
community matching problem (Mucha et al., 2010; Bassett et al.,
2011). According to the optimal community partition, module
allegiance provides a summary of the consistency with which
ROIs are assigned to communities (Bassett et al., 2015; Chai
et al., 2016). To measure the dynamic role of each region within
and between networks, we used the module allegiance matrix to
compute two coefficients: the dynamic network integration and
the dynamic network recruitment (Bassett et al., 2015; Mattar
et al., 2015). Recruitment was defined as the probability of
a region assigned to the same community with other regions
from the same network, while integration was defined as the
probability of a region being assigned to the same community as
regions in other networks (Supplementary Material).

Correlation Analyses and Independent
t-Test
To identify how the brain network dynamics may be related
to individual creative cognition, we calculated the Pearson
correlation between recruitment and integration (including the
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region, network, and whole-brain levels) and the AUT score
across all individuals, with gender, age, Raven’s score, and mean
FD being regressed out as covariates. The results surviving FDR
(p < 0.05) correction are reported. In addition, we calculated
independent t-test to explore gender differences in creativity and
intelligence scores.

RESULTS

AUT Performance
Table 1 shows demographic information and Pearson correlation
regarding all measures. There is no close correlation between
Raven’s score and AUT performance (originality, r = 0.07,
p = 0.18; flexibility, r = 0.06, p = 0.24; fluency, r = 0.08, p = 0.13;
total score, r = 0.08, p = 0.15). We also found a significant gender
difference: an independent t-test indicated that females showed
a higher AUT score than males (originality, t = 2.68, p < 0.01;
flexibility, t = 2.02, p < 0.05; fluency, t = 2.30, p < 0.05; total
score, t = 2.49, p < 0.05), although there was no difference in
Raven’s score (t = 1.16, p = 0.25). AUT and Raven’s score were
both compliance with normal distribution.

Correlation of Recruitment With AUT
Performance
After controlling for age, gender, Raven’s score, and mean FD, the
recruitment of several nodes showed a positive close correlation
with AUT performance among the 253 nodes, Interestingly, most
of these nodes were located in the sensory/somatomotor network
(SMN). Specifically, the recruitment of three nodes from the
SMN and one node from the visual network showed positive
correlation with originality score; the recruitment of three nodes
from the SMN displayed positive correlation with both fluency
and total scores. However, the recruitment of one node from the
DMN showed a negative correlation with originality and fluency
scores, as shown in Table 2. Meanwhile, at the network level, we
also found that the recruitment of the SMN displayed significant
correlations with originality, fluency, and total scores (originality,
r = 0.215, p < 0.0001; fluency, r = 0.191, p < 0.001; total score,
r = 0.197, p < 0.001; FDR corrected), as shown in Figure 1.

Correlation of Integration With AUT
Performance
After controlling gender, age, Raven’s score, and mean FD,
the integration of two nodes (node number defined in the

TABLE 1 | Demographic information and Pearson correlation.

Measures Mean(SD) Age Raven Originality Flexibility Fluency AUT total score

Gender (166 males)

Age 19.98(1.27) –

Raven 66.04(3.50) −0.026 –

Originality 10.30(4.64) −0.080 0.070 –

Flexibility 7.60(2.54) −0.011 0.062 0.820∗∗ –

Fluency 11.06(4.68) −0.045 0.079 0.922∗∗ 0.879∗∗ –

AUT total score 28.96(11.42) −0.053 0.075 0.968∗∗ 0.917∗∗ 0.981∗∗ –

TABLE 2 | The recruitment and integration of nodes correlated with AUT score (FDR corrected).

Node index Anatomical automatic labeling r p

Originality (recruitment)

44 Postcentral_R (SMN) 0.200 1.11 × 10−4

45 Postcentral_L (SMN) 0.227 1.07 × 10−5

46 Postcentral_R (SMN) 0.196 1.46 × 10−4

117 Temporal_Mid_L (DMN) −0.174 8.10 × 10−4

160 Lingual_L (Visual network) 0.186 3.21 × 10−4

Fluency (recruitment)

42 Postcentral_L (SMN) 0.197 1.44 × 10−4

44 Postcentral_R (SMN) 0.191 2.24 × 10−4

45 Postcentral_L (SMN) 0.210 4.98 × 10−5

117 Temporal_Mid_L (DMN) −0.178 5.87 × 10−4

Total score (recruitment)

42 Postcentral_L (SMN) 0.201 9.77 × 10−5

44 Postcentral_R (SMN) 0.195 1.63 × 10−4

45 Postcentral_L (SMN) 0.216 2.91 × 10−5

Originality (integration)

79 Lingual_L (DMN) 0.202 9.53 × 10−5

117 Temporal_Mid_L (DMN) 0.186 3.22 × 10−4
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FIGURE 1 | The brain map shows the recruitment of the SMN. The correlation map shows that the recruitment of the SMN is positively correlated with AUT
originality, fluency, and total score.

Power template: 79 and 117) from the DMN showed a
positive close correlation with originality scores (node 79,
r = 0.202, p < 0.0001; node 117, r = 0.186, p < 0.0005;
FDR corrected), as shown in Table 2. We also calculated
the integration between pairs of networks, originality
score showed a positive correlation with the integration
of the DMN and cerebellum (r = 0.173, p < 0.001), the
ventral attention network (VAN) and SMN (r = 0.175,
p < 0.001), the salience network (SN) and auditory network

TABLE 3 | The integration between pairs of networks correlated with AUT score
(FDR corrected).

AUT score Pairs of network r p

Originality

DMN-Cer 0.173 8.56 × 10−4

VAN-SMN 0.175 9.75 × 10−4

SN-Aud 0.182 4.43 × 10−4

FPTC-Aud 0.224 1.02 × 10−5

Fluency

FPTC-Aud 0.189 2.50 × 10−4

Total score

FPTC-Aud 0.207 5.85 × 10−5

(Aud) (r = 0.182, p < 0.0005), and the frontoparietal task
control (FPTC) network and Aud (r = 0.224, p < 0.0001),
corrected by FDR. Fluency and total scores both displayed
positive correlations with the integration of the FPTC
and Aud (fluency, r = 0.189, p < 0.0005; total scores,
r = 0.207, p < 0.0001; FDR corrected); flexibility score
was also related to the integration of the FPTC and Aud
(r = 0.174, p < 0.001, uncorrected), as shown in Table 3
and Figure 2.

DISCUSSION

As far as we know, this is the first investigation exploring
whether the dynamic reorganization of networks is correlated
with verbal creativity using dynamic multilayer community
detection approaches. We associated the dynamic of resting-
state functional brain networks at three different levels (the
regional level, the network level, and the whole-brain level)
with the AUT performance to reveal the brain mechanisms of
creativity. We found that the recruitment of bilateral postcentral
gyrus in SMN showed a positive close correlation with AUT
performance. Meanwhile, at the network level, we also found that
the recruitment of the SMN displayed a significant correlation
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FIGURE 2 | (A) The connectivity map shows the integration of the DMN and cerebellum. The correlation map shows that the integration of the DMN and cerebellum
is positively correlated with AUT originality score. (B) The connectivity map shows the integration of the VAN and SMN. The correlation map shows that the
integration of the VAN and SMN is positively correlated with AUT originality score. (C) The connectivity map shows the integration of the SN and Aud. The correlation
map shows that the integration of the SN and Aud is positively correlated with AUT originality score. (D) The connectivity map shows the integration of the FPTC and
Aud. The correlation map shows that the integration of the FPTC and Aud is positively correlated with AUT originality, fluency and total scores.

FIGURE 3 | The figure shows the individual and integration functions of the brain networks.

with originality, fluency, and total scores. For integration,
the left lingual gyrus and left MTG in the DMN showed a
positive close correlation with originality scores. Furthermore,
we revealed that 4 between-network integrations were clearly
related to the AUT performance. Specifically, the integration
of DMN and cerebellum, FPTC and Aud were involved. These
results suggested that the dynamic communication among
the brain networks concerning spontaneous thought, cognitive
control, and external information inputs was significant for
generating creative ideas. Meanwhile, previous research indicated
the dynamic communication among the networks has been

association with cognitive flexibility (Dietrich, 2004), and our
results further demonstrated the relationship between verbal
creativity and cognition flexibility.

In the present study, we found individuals with greater
creativity performance displayed stronger integration in DMN
network including the left lingual and left MTG. The result might
suggest individuals should retrieval previous memory during the
process of creativity tasks. The medial temporal lobe memory
network may facilitate generation of creative ideas by establishing
association between old and new information (Ellamil et al.,
2012). Previous studies showed that the lingual gyrus was
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favorably activated in novel processes (Jung et al., 2010). At the
network level, we found that verbal creativity performance was
positively correlated to the integration of DMN and cerebellum.
It is well known that DMN activity was mainly linked to internal
mentation, such as mind wandering (Ionta et al., 2014) and
future imagination (Stawarczyk and D’Argembeau, 2015). Thus
activation of the DMN was involved in the process of generating
creative ideas. Existing studies exposed that the cerebellum
was relevant to cognitive control including visual attention and
working memory (Brissenden et al., 2015). Meanwhile, Pidgeon
et al. (2016) reported the cerebellum was also linked with
the production of creativity improvisation and greater creative
imagining in pictures (Pidgeon et al., 2016). The result of the
integration of two networks being closely related to creativity
showed the cooperation between spontaneous thought and
cognitive control. It was contributed to generating more creative
ideas that were consistent with current problems, as shown
in Figure 3. Besides, increased functional connectivity between
default network hubs and regions involved cognitive control was
related to openness (Adelstein et al., 2011), and openness can
strongly predicts performance on creative thinking tasks (Silvia
et al., 2008), which could indirectly demonstrate the stronger
correlation of DMN and cerebellum linked up with greater
performance in verbal creative tasks. In addition, we also found
that integration of FPTC and Aud were positively correlated
with verbal creative performance, showing that the dynamic
connectivity between the FPTC and Aud was associated with
verbal creativity. The activity of the FPTC was related to many
high-control cognitive functions which required an externally
goal-directed process (Anselm et al., 2013). The integration of
FPTC and Aud indicated that the stronger association of the
goal-directed and auditory networks might facilitated selection
of surrounding information from ears, as shown in Figure 3.

Regarding recruitment, we found that the recruitment of
several nodes showed a positive close correlation with AUT
performance among the 253 nodes; interestingly, most of these
nodes were located in the SMN. Specifically, the recruitment of
3 nodes from the SMN, including the bilateral postcentral gyrus,
showed a positive correlation with originality, fluency and total
scores. These regions might benefit to emulating usage methods
of items in somatosensory areas, which could be profitable for
generating novel answers in AUT (Cousijn et al., 2014). In
addition, at the network level, we found that the recruitment
of the SMN displayed significant correlation with originality,
fluency, and total scores. It could be concluded that high creative
performance might require the SMN to remain stable at resting
states, communicating mainly with other regions within the same
network, lack of association with other network (Shi et al., 2018a).
The results also explained why FC of the SMN and other brain
networks has rarely been found in previous studies.

Prior research about verbal creativity have been interested
in the gross network characteristics (Beaty et al., 2014)
or static functional connections (Gao et al., 2017), thereby
ignoring the dynamic reorganization of the brain networks.
Here, we used dynamic neuroscience methods to track
changes in the recruitment and integration of networks during
resting states, and identified the correlation between the

dynamic reorganization of brain networks and verbal creativity.
Furthermore, we found that creativity was related to multiple
cognitive processes, including memory retrieval, imaginative
process, and cognitive control, which suggested that it is possible
to improve creative performance by training these basic cognitive
processes. For example, if memory was improved, you would
be able to more quickly extract previous memory and establish
links between old memory and new information. In the same
vein, if the ability of cognitive control was trained, you would
accurately suppress unrelated information and mind. These
process are important for generating novel ideas (Arden et al.,
2010). Meanwhile, prior studies revealed significantly reduced
FC between the cerebellum and the DMN in depression (Liu
et al., 2012). On the contrary, we found verbal creativity
performance was positively correlated to the integration of DMN
and cerebellum, which provides the possibility of increasing
functional connectivity between the cerebellum and the DMN
through creativity trains to treat depressed patients.

This study also had some possible limitations. First, we
used dynamic community detection algorithm to integrate brain
regions into a coherent activation community. However, due to
the inherent challenges of heuristic algorithms and fMRI data,
node allocation at the individual subject level is still a statistical
process with certain degree of uncertainty (Braun et al., 2015).
Second, task-based fMRI is more meaningful for studying the
dynamic variation of brain mechanism than resting-state fMRI.
In the future, it would be necessary to research the dynamic
variation of networks during creativity tasks. Finally, we used
a single test (AUT) to represent a multidimensional conception
(creativity), which was also insufficient. Future researches would
employ multidimensional approaches of measuring creativity to
find the comprehensive brain mechanism during creativity tasks.

CONCLUSION

In summary, this is the first investigation to study the relationship
between the dynamic reorganization of brain networks and
verbal creativity using dynamic community detection. Our study
found that the integration of left lingual and left MTG in
DMN regions and the integration of DMN and cerebellum,
FPTC and Aud showed positive correlation with verbal creativity
performance. In addition, the recruitment of bilateral postcentral
gyrus from the SMN and the recruitment of the SMN showed
positive correlation with verbal creative performance. These
findings provided direct evidence that verbal creativity was
related to the dynamic variation of neural mechanism during
resting-state, extending past research on the neural mechanism
of verbal creativity. At the same time, this result brought
about new perspectives for creative training and rehabilitation
training of depression.
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