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ABSTRACT. We examined the relationship between executive function (EF)
and creativity and whether a creative manipulation related to free coloring
or coloring task-relevant materials would impact EF performance in the
Dimensional Change Card Sort (DCCS). Participants also completed
individual difference measures of creativity with an Alternative Uses Task
and EF with a Backward Digit Span Working Memory Task and Delay of
Gratification Inhibition Task. Although we failed to find a relationship
between creativity in the Alternative Uses Task and our EF measures (s <
.25, ps>.10), we found evidence to suggest the effects of a creative color
manipulation differed by individual differences in creativity. Those who
were low in certain creative components like the ability to switch between
categories (p=.03 and p=.08), generate a number of unique ideas (p=.03
and p = .04), and originality (p = .01) seemed to perform better when
allowed to freely color before the DCCS compared to other conditions.
Those who performed higher in creative measures generally did not benefit
from a creative manipulation before the task. This suggests that a more
nuanced examination of the relationship between creativity and EF
considering possible experimental manipulations, multiple components,
and individual differences may be useful in understanding the relationship
between these 2 constructs.
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xecutive function (EF) is an element
Eof higher order cognition important to

a variety of skills and abilities, such as
communication, academics, and emotional
regulation (Diamond et al., 2007; Mohapatra,
2019; Perry et al., 2018). Multiple components likely
contribute to EF, such as working memory involving
the mental manipulation of information, inhibition
or suppression of prepotent responses, and cognitive
[lexibility involved in switching flexibility between
tasks or mental sets (Miyake & Friedman, 2012).
However, EF is typically studied from a problem-

researchers have proposed significant development
in EF from early childhood into adolescence that
align with advancement in neural circuitry within
the prefrontal cortex (PFC; Miller & Wallis, 2013;
Zelazo, 2015) and children’s abilities to mentally
represent and reflect on their representations
helpful to controlling behavior (e.g., Marcovitch
& Zelazo, 2009; Zelazo, 2015). Although early
childhood is a period of tremendous growth, it
is also important to consider neuroplasticity and
the idea that brain development is responsive to
experience. This prolonged development and

solving framework where the function of EF is to early responsiveness to experience is likely the SPRING 2022
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There are many manipulations within the
course of an experiment and in the long term that
have been shown to improve EF performance.
For example, within the course of an experiment,
labeling relevant aspects of a task such as the name
of the hiding place in an EF search task benefits EF
performance (e.g., Miller & Marcovitch, 2011). In
the long term, Diamond and Lee (2011) reviewed
a number of studies and found positive effects
of interventions involving physical activity on EF,
including traditional tae-kwon-do training, which
focuses on self-control and discipline, and yoga,
which focuses on physical training, mindfulness,
and sensory awareness.

To the best of our knowledge, no short-term EF
interventions that focus on creativity, or the ability
to balance the processes of novel idea generation
with appropriate evaluation have been published
(but see Moreno et al., 2011, for short-term music
training related to EF enhancements). However,
there are several reasons why short-term creative
manipulations may benefit EF. First, correlational
studies reveal a large body of work suggesting that
better creativity is related to better EF (e.g., Edl et
al., 2014). Bai and Yao (2018) have linked highly
creative people to stronger inhibition. Sharma and
Babu (2017) found that older adults who possessed
above average creativity also performed significantly
better on EF tasks. In addition, creativity is associated
with the PFC, similar to EF, and this link may even
be stronger in younger samples as compared to
adults (e.g., Kleibeuker et al., 2013). Thus, creative
manipulations could impact performance on EF
by stimulating the PFC via a mechanism similar to
exercise (Gonen-Yaacovi et al., 2013; Silveira et al.,
2019) and thus increase EF performance (Best, 2010;
Diamond & Lee, 2011; Kleibeuker et al., 2013).

Second, researchers have found that greater
creativity was correlated with other abilities strongly
related to EF. For example, Ayperi (2016) found
that chess training increased both creativity and
theory of mind, an ability with strong ties to EF
in childhood (e.g., Miller & Marcovitch, 2012).
Also, creativity has strong ties to mindfulness, or
the understanding that the world is constantly and
subtly changing and adapting to change (Langer,
1989), which was shown to be an effective long-term
intervention for EF (Diamond & Ling, 2020; Takacs
& Kassai, 2019) and also stimulates the PFC and
EF when paired with aerobic exercise (Diamond
& Lee, 2011).

Third, creative manipulations could have a
theoretical basis in the EF literature. Specifically,
representational frameworks (e.g., Marcovitch &

Zelazo, 2009; Zelazo, 2004, 2015) suggested that,
as children develop in their ability to represent and
reflect on their representations of the world, they
are better able to control behavior consciously and
execute EF. For example, newborns may be primar-
ily motivated based on pain and pleasure (e.g.,
putting a rattle on their mouth to suck because it
is pleasurable), and thus not exercise much EF or
control. However, once children begin labeling
and representing the world through language and
pointing, usually around their first year, they gain
the ability to attach experiences to long-term or
working memory and control behavior by reflecting
on their representations (e.g., the word “rattle”
linked to a memory of a toy that can be shaken).
Thus, representation and reflection add depth to
experiences, allow for more details to be remem-
bered, and may lead to overriding an immediate
action and controlled behavior (e.g., deciding to
shake instead of suck on the rattle). Related to cre-
ativity, encouraging children to more fully represent
and reflect on task-relevant information through art
with coloring or music rather than language may
encourage more accurate EF performance (e.g.,
Zelazo, 2004). Finally, creativity through visual art
has the ability to be motivating for children as it
has been reported to bring joy, pride, reduce stress,
and enhance the sense of belonging, which are
important factors in an EF intervention’s effective-
ness (Barfield & Driessnack, 2018).

The purpose of the present study was to exam-
ine creativity links to EF. First, we examined cor-
relations between measures of creativity and EF to
provide further empirical data on the link between
creativity and EF in childhood. Creativity was
measured via the Alternative Uses Task (Guilford,
1967) that asks participants to come up with all
the different and unique ways to use an everyday
item. From this, creativity was measured through
the following variables: total fluency, which is the
total number of intended uses generated; flexibility,
which is the number of different categories the uses
could fall into; and originality, which is how rare a
use was. Children with higher scores are typically
thought to be more creative.

EF was measured with a delay of gratification
task (Prencipe & Zelazo, 2005) to go in line with the
problem-solving framework (Zelazo, 2015; Zelazo et
al., 1997) that consisted of asking children whether
they would prefer receiving a smaller reward
immediately or larger reward later. EF was also
measured with a working memory task (Wechsler,
1997) asking children to hold a string of numbers in
mind, manipulate that string of numbers mentally,
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and provide the experimenter with the numbers in
backward order. Both tasks presented children with
a problem or goal that conflicted with a prepotent
response, such as waiting for a reward conflicting
with the impulse to get something right away or
reversing a string of numbers conflicting with the
response to repeat the numbers in forward order.
We hypothesized that our measures of creativity
and EF would show relations based on prior works
that have suggested that creativity and EF are
related through correlations and have a theoretical
basis through representational frameworks as well
(e.g., Edl etal., 2014; Marcovitch & Zelazo, 2009).
However, it is also important to note that this work
is far from definitive, because results are mixed
(e.g., Sharma & Babu, 2017) and more work is
needed to demonstrate a robust relation between
creativity and EF.

We also examined the effects of a creative art-
based intervention on EF using the Dimensional
Change Card Sort (DCCS; Zelazo, 2006), which
requires cognitive control to sort and match biva-
lent sorting cards to target card based on conflicting
rules (e.g., in the color game, the red car goes with
the red flower; in the shape game, the red car goes
with the green car). This task was selected because
it is age-appropriate for school-age children and
allows for the easy integration of creative manipu-
lation within the task. Specifically, we employed
three possible creative manipulations before the
EF switching task: (a) the color cards condition
included a structured coloring activity where par-
ticipants used a stencil to color stimuli that would
be used in the DCCS task to determine whether a
specific relevant creative art-based manipulation
may encourage children to reflect on the task and
improve EF, (b) the free color condition included
an unstructured coloring activity where participants
could draw freely to determine whether a general
creative art-based manipulation before a task influ-
enced EF, and (c¢) the book condition included a
similar delay and interaction with an experimenter
who read a short book before the task to provide a
noncreative or art-based control. Given that work
has demonstrated individual differences in the
effectiveness of EF interventions, we also examined
whether individual differences in creativity were
related to the effectiveness of the art-based creative
intervention. We hypothesized that children in the
color cards and free color condition would perform
better than the noncreative or art-based control,
given that art therapy has positive psychological
effects. However, we also hypothesized that children
in the color cards condition may perform the best
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because it encouraged children to represent task
relevant stimuli through art (e.g., Zelazo, 2004),
and using structured art therapy typically is more
effective than an unstructured session (Kaimal &
Ray, 2016; Kaimal et al., 2017). We had no specific
hypothesis for how creative ability might interact
with creative manipulations, because these will be
conducted in an exploratory fashion.

Methods

Participants

After the study was approved by the University of
Mississippi Institutional Review Board, 49 partici-
pants were recruited in the southern United States
(Moge = 9.18 years, SD = 1.57, 59% identified as
girls, 41% identified as boys). They were all native
English speakers. Of parents who reported race,
92% identified as White, 4% identified as White and
Hispanic, 2% identified as Arabic and White, and
2% identified as Native American and White. Of
parents who reported family income, 65% reported
family incomes over $120,000, 23% reported family
incomes between $60,000 and $119,999, and the
remaining 12% reported family incomes of less than
$59,999. Participants were recruited at Pinecrest
Summer camp and completed all tasks in one
40-minute session in a quiet building during a free
period at the camp conducted by one experimenter.

Procedure

Sessions averaged 30 minutes in length, in which
participants completed tasks in a fixed-order:
Alternative Uses Task, Backwards Digit Span
Working Memory Task, Delay of Gratification
Inhibition Task, one of three creative conditions,
and the DCCS. A random number generator was
used to create a random list of conditions to be run.
Participants were assigned the next randomized
condition on the sheet as they agreed to partici-
pate. Although it is important to note that this did
result in unequal sample sizes across conditions, a
Levene’s test did not reveal evidence of unequal
variance between groups, (2, 45) = 1.80, p = .18.
Participants were offered a small toy from a treasure
box filled with toys such as slinkies, whistles, and
bouncy balls, and were allowed to keep crayons
and rewards from the Delay of Gratification Task.

Measures

Alternative Uses Task (Guilford, 1967)

Participants were given two minutes each to gener-
ate “all the different ways” to use a common object
(i.e., brick, chair, shoe). For each item, a primary
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coder evaluated each response as typical (e.g., sit
for chair) or atypical (e.g., paperweight for brick),
while excluding illogical answers (e.g., doll hair
for brick). Two aspects of creativity were scored
by a primary coder for each participant. Total
fluency was scored as the number of responses
generated and added together across all three
items. This measure was further divided into total
typical fluency and atypical fluency (i.e., the total
number of atypical responses—more in line with
the instructions of the task asking for different ways
to use a common object). Total flexibility was also
assessed by assigning each response in a category
(e.g., building for brick) then counting each
participant’s total number of categories across all
three items. Originality was scored by three raters
for each object using a subjective scoring method,
in which each response was scored from 1 (not
creative at all) to 5 (highly creative, defined as being
uncommon, remotely linked to the everyday object,
and clever/insightful, see Plucker et al., 2011, with
correlations between two raters equal to .89 in the
original study). The two secondary raters were blind
to which and how many responses were generated
by each participant. Reliability across the raters
for each item was moderate, ICCs > .63, thus we
created one originality score by averaging across
originality for all items, which were also significantly

correlated, 13(47) > .41, ps < .004.

Backwards Digit Span Working Memory Task
(Wechsler, 1997)

Participants were read a list of numbers aloud
and asked to orally repeat the numbers backwards
(e.g., if read 2, 5, the correct response was 5, 2).
After a short training in which all participants
demonstrated they were able to successfully repeat
a set of two numbers backward with feedback,
participants completed as many trials as possible
until they missed three in a row. Trials were divided
into sets and increased in difficulty. For example,
Set 1 had three trials with two digits each, Set 2
had three trials with three numbers each, and each
subsequent set increased by one digit. The number
of trials the participants recalled correctly backward
was measured.

Delay of Gratification Inhibition Task

(Prencipe & Zelazo, 2005)

Participants were presented with a card depicting
a decision where they were asked if they would like
a smaller reward now (i.e., pennies, stickers, or
erasers) or a larger reward later. The experimenter
completed two practice trials for the participant to

demonstrate the rules (i.e., the experimenter chose
and was given an eraser in that moment instead of
receiving it later or the experimenter could choose
eight erasers that were placed out of reach in an
envelope and were given to him later instead of
having 1 eraser at that moment). The rewards were
keptin clear containers in front of the participant,
and the participant was presented with nine trials
with decisions of one now vs. two later, one now vs.
four later, and one now vs. six later for each reward.
This task was scored by the number of times the
participant chose to wait for a larger reward.

DCCS Cognitive Flexibility Task With Art-Based
Creative Intervention (Zelazo, 2006)

In the first preswitch phase, children were asked to
sort six 4 x 6 inch sorting cards (e.g., blue squares
and red circles) into a slot on the top of 8 x 5 x 4
inch boxes marked with a target card (i.e., a blue
circle and red square). For example, if children
were asked to sort according to color in the pre-
switch phase, the blue square would be sorted to the
blue circle. In the postswitch phase, children were
asked to switch and sort by another dimension (e.g.,
switch to sorting by shape so that the blue square
would now be sorted to the red square). Given that
all but one participant performed perfectly in the
postswitch phase, we examined performance on the
last and more difficult borders phase. In this phase,
children were presented with a set of 12 cards where
they had to switch between sorting rules based on
whether the card had a border around the edge of
the card (n = 6, sorted by color) or did not have a
border around the edge of the card (n = 6, sorted
by shape) presented in a pseudorandom order fixed
across participants. Performance on the DCCS was
scored by measuring accuracy of the card sorting
in the borders task.

Art-Based Creative Intervention

Before the DCCS, each participant was randomly
assigned to one of the three conditions to assess
whether a creative art-based manipulation would
influence DCCS performance. The book condi-
tion served as a control where participants did not
engage in a creative art-based task but did interact
with an experimenter as they listened to a 5-minute
story (Dr. Seuss’s Oh the Places You'll Go!) read by the
researcher before the DCCS task. In the free color
condition, participants engaged in an unstructured
creative art-based task where the experimenter
gave participants two crayons (i.e., a red and blue
crayon) and a piece of 4 x 6 inch paper with the
instructions to draw whatever they wanted for five
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minutes on both the front and back of the card
for the entire 5-minute span, even if they said they
were done. In the color card condition, participants
engaged in a structured creative art-based task
that was task-relevant. Participants were asked to
create their own target cards for the DCCS with
a 4 x 6 index card, crayons, and 3 x 3 inch stencil
that matched the other cards. Participants were
instructed to pick a shape (i.e., circle or square)
and color (i.e., red or blue) and color the stenciled
shape carefully (e.g., blue square). Next, they made
the other target card with the remaining shape
and color (e.g., red circle). Finally, the researcher
attached Velcro on the back of the cards to be used
as target cards in the DCCS task.

Design Statement

The present study contained experimental and
correlational components. The experimental
design was within the DCCS with three conditions
related to the creative component executed before
the DCCS Task. We also included a measure of
creativity with the Alternative Uses Task and two
additional measures of EF with delay of gratification
and working memory tasks. The creativity measure
was used to examine the relationship between
creativity and EF. The creativity measure also served
as an individual difference measure to determine
whether the effect of the creativity condition in the
DCCS interacted with creativity levels.

Results

Descriptive Statistics

There was no missing data, except for one child
who did not have data on the DCCS because they
failed to pass the preswitch (see Table 1 for descrip-
tive statistics). As performance on the Backwards
Digit Span Working Memory Task and Delay of
Gratification Inhibition Task were not correlated,
r=-.03, p=.86, they were considered separately in
analyses. We did not find evidence for relationships
between EF and creativity, as none of our measures
of EF were related to any of our measures of creativ-
ity, rs < .25, ps>.10.

Does EF Performance Differ by

Creative Condition?

To examine whether EF performance differed by
creative condition, we conducted a general linear
model on DCCS performance (number of correct
responses out of 12) with condition (3 levels: book,
color card, free color) and age (continuous) as
predictors. Results demonstrated no significant
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effect of age, F(1, 42) =0.70, p= .41, n?= .02, condi-
tion, F(2, 42) = 0.19, p = .83, n?*= .01, or an age by
condition interaction, (2, 42) = 0.14, p= .87, n?=
.01, with regard to number correct on the borders
task indicating that age and creative condition did
not impact DCCS performance.

Does the Effect of Condition Vary by

Children’s Creativity Abilities?

For the next set of analyses, we explored whether
the effect of condition may vary by children’s
creativity abilities in fluency, flexibility, and origi-
nality. Importantly, within total fluency children’s
responses could be considered typical or atypical,
with atypical responses being more in line with the
task instructions to generate different ways to use
common objects. Thus, we examined the fluency in
responses separated by typical and atypical fluency.
For each aspect of creativity, we conducted a general
linear model on DCCS borders performance with
condition (categorical: 3 levels), creativity element
(continuous: total fluency, typical fluency, atypical
fluency, flexibility, or originality) and a condition
by creativity element interaction as predictors in the
model. Given that we found no effect of age, we did
not consider age further. A summary of results can
be found in Table 2.

Total Fluency
The overall model was not significant, F(5, 42) =
1.96, p=.11,1?=.19. Only fluency was a significant

‘ Descriptive Statistics ‘
‘ M (SE) Range n ‘
Executive Function
BDS (# correct trials) 7.06 (0.32) 3-13 49
Delay of Gratification (# wait trails) 7.67 (0.21) 5-9 49
DCCS (# correct on borders) 10.83 (0.24) 0-12 48
Book condition 10.81(0.42) 0-12 16
Free color condition 11.31(0.35) 0-12 13
Color card condition 10.53 (0.42) 0-12 19
Creativity
Total fluency 23.20(1.81) 3-81 49
Total typical fluency 8.94 (0.73) 3-24 49
Total atypical fluency 14.08 (1.73) 0-78 49
Total flexibility 13.53(0.91) 3-42 49
Total originality 2.00 (0.06) 1-29 49
Note. BDS = Backward Digit Span (Working Memory). DCCS = Dimension Change
Card Sort Task (Cognitive Flexibility).
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predictor of DCCS performance, F(1, 42) =6.82, p=
.01, n?= .14, which was also reflected in the correla-
tion between DCCS performance and fluency which
approached significance when condition was not
considered, r(46) = .27, p=.07.

Typical Fluency. Although the overall model
was notsignificant, F(5,42) =1.78, p=.14,m?= .17, it
yielded a significant interaction between condition
and total typical fluency, F(2, 42) = 3.48, p=.04,n?=
.14. To further examine the interaction, we did
a simple slopes analysis looking at the impact of
condition for children one SD below the mean on

TABLE 2

‘ Summary of Results ‘

Question

1. Does EF relate to creativity? None of our EF measures were related to any of our measures of

creativity.

2. Does EF differ by creative condition? There was no effect of age, condition, or an age by condition interac-
tion on DCCS borders performance.

3. Does the effect of condition vary
by creative ability?

a. Total fluency Higher total fluency related to better performance on DCCS borders.

b. Typical fluency Children higher in typical fluency performed worse in the color cards

condition compared to the book and free color condition on the DCCS.

¢ Atypical fluency Children lower in atypical fluency performed better in the free color
condition compared to the color cards and book condition on the

DCCS.

d. Flexibility Children lower in total flexibility performed worse in the color card
condition compared to the free color and potentially book condition
on the DCCS. Those better on total flexibility potentially performed
better in the color card condition compared to the book condition on

the DCCS.

e. Originality Children lower in originality performed better in the free color condi-

tion compared to the color cards condition on the DCCS.

Simple Slope Analysis for DCCS Borders Performance by
Condition and Typical Fluency

14 4
12 4
10 4
8 4
6
4
2

Number Correct on DCCS Borders Task

Low Typical Fluency (-1 SD) High Typical Fluency (+1SD)

= = = Book Control —— Free Color —— Color Cards

Note. Individuals high in typical fluency performed worse in the color cards condition compared to the free
color and book control. Bars represent standard errors. DCCS = Dimension Change Card Sort Task.

total typical fluency (M= 3.18) and one SD above
the mean on typical fluency (M = 14.07). Only
those who were one SD above the mean on typical
fluency had significant differences between condi-
tions, where children who were in the color cards
condition performed worse than children in the
book condition, p = .03, and worse than children
in the free color condition, p=.05 (see Figure 1).

Atypical Fluency. The overall model
approached significance, F(5, 42) = 2.37, p = .06,
n?=.22. Results indicated that all of our predictors
were significant: total atypical fluency, (1, 42) =
8.77, p=.01,m?=.17, condition, (2, 42) = 3.58, p=
.04, n?= .15, and the atypical fluency by condition
interaction, F(2, 42) = 3.30, p = .05, n?*= .14. To
further examine this interaction, we did a simple
slopes analysis looking at the impact of condition
for children who were one SD below the mean on
atypical fluency (M= 2.00) and one SD above the
mean on atypical fluency (M= 26.16). Those who
were one SD below the mean on atypical fluency
performed better on the DCCS task when in the
free color condition compared to color card
condition, p = .03, and book condition, p = .04
(see Figure 2). Those who were one SD above the
mean on atypical fluency did not have significant
differences between conditions, all pairwise com-
parisons, p>.17.

Flexibility

Although the overall model was not significant,
F(5, 42) = 1.78, p = .14, n*= .18, we found a main
effect of condition, F(2, 42) =3.74, p=.03, n?= .15,
qualified by an interaction between condition and
total flexibility, F(2, 42) = 3.37, p=.04, n?=.14. A
simple slopes analysis was conducted looking at the
impact of condition for children who were one SD
below the mean on total flexibility (M= 7.17) and
one SD above the mean on total flexibility (M =
19.894). Those who were one SD below the mean
on total flexibility performed worse on the DCCS
task when in the color card condition compared to
free color, p=.03, and this approached significance
for the comparison to the book condition, p=.08.
Those who were one SD above the mean on total
flexibility had one marginally significant difference
between conditions, with better performance on
DCCS in color card condition compared to book,

p=.07 (see Figure 3).

Originality

Although the overall model was not significant,
F(5,42) = 1.58, p = .19, n?= .16, we found a main
effect of condition, 12, 42) = 3.48, p=.04, n*= .14,
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potentially qualified by a moderately significant
interaction between condition and total originality,
F(2,42) = 3.01, p=.06,n?=.13. The simple slopes
analysis examined the effect of condition for
children who were one SD below the mean on total
originality (M= 1.60) and one SD above the mean
on total originality (M= 2.39). Those who were one
SD below the mean had significantly higher DCCS
performance in the free color condition compared
to the color card condition, p=.01. Those who were
one SD above the mean on total originality did not
have significant differences between conditions, all
pairwise comparisons ps> .44.

Discussion

The present study aimed to examine the relation-
ship between creativity and EF in a school age
sample by examining creativity-EF correlations
and the effect of creative manipulations on EF and
whether the effectiveness of creative manipulations
depended on creative ability. Although results
were equivocal, it does point to the need for future
research on the relationship between creative ability
and EF. The present work did not find evidence
for strong relationships between EF and creativity,
nor did we find evidence for the utility of a creative
manipulation to universally aid in EF processing.
However, our results indicated that the impact of
a creative manipulation on EF could potentially
vary by creative ability. Namely, those who were
low in creativity (i.e., high in typical fluency and
low in atypical fluency, flexibility, and potentially
originality) seemed to benefit from the creative
manipulation of free color, but the condition
typically did not matter for those who were high
in creativity (i.e., low in typical fluency and high in
atypical fluency, flexibility, and originality).
Although we found no main effect for the
creative manipulations on EF performance as
measured by the DCCS, further analysis suggested
that creative manipulations may play a role for
children who were lower in creativity. It is important
to note that, although originality likely best aligns
with the definition of creativity related to the ability
to generate original and useful ideas, we had several
related measures often measured in creativity
research related to fluency and flexibility as well.
What is perhaps most striking is that results across
several measures of creativity suggest that those
who scored low in creativity seemed to perform
best in the free color condition. More specifically,
those who were high in typical fluency, thatis those
who get stuck on naming typical uses for common
items and thus lack “creative” responses, showed
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Simple Slope Analysis for DCCS Borders Performance by
Condition and Atypical Fluency
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Low Atypical Fluency (-15D)  High Atypical Fluency (+15D)
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Note. Individuals low in atypical fluency performed best in the free color condition compared to the color cards

and book control. Bars represent standard errors. DCCS = Dimension Change Card Sort Task.
I

Simple Slope Analysis for DCCS Borders Performance by
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some evidence of worse performance in color
card condition compared to both book condition
and free color condition. Those low in atypical
fluency, that is those who do not name a number
of unique uses for common items and thus lack
creative responses, seemed to perform worse in
the color card condition and the book condition
compared to the free color condition. Those low
in flexibility, that is those who do not blur categori-
cal boundaries and thus generate more common
uses and lack “creative” responses, showed some
evidence of worse performance in the color card
condition compared to both free color and book
conditions. Finally, those low in originality, that is
those who cannot generate uncommon, remote,
and clever uses and thus lack creative responses,
potentially performed worse in the color card
condition compared to the free color condition.
This result was contrary to our hypotheses, as we
expected children to perform better in the color
card condition, thinking that this creative task
might encourage children to internally represent
task-relevant stimuli (e.g., the shape and color
of the sorting and target cards; Zelazo, 2004), in
addition to any benefits that might be obtained by
a creative short-term intervention (Ayperi, 2016).

The fact that our unstructured creative color-
ing intervention was perhaps the most beneficial
for children who were low on creativity is not
completely surprising, as research has suggested
that coloring intervention can affect behavior in
terms of anxiety (Ashlock et al., 2018). It is also
important to note that our structured creativity
task did not seem to help children any more than
the control when they were low in creativity. One
possible reason why a structured creative interven-
tion may not aid children low in creativity is the
lack of creative thought that goes into the physical
art making of task-relevant stimuli. For example, in
the free color condition, participants had to actively
decide what to draw and how it would look, while
for the color card condition, participants simply
colored in the lines. To summarize, the free color
condition seemed to ask participants to be creative
prior to the task, whereas the color card condition
merely asked them to complete a task.

It was also interesting to note that those who
were already high in creativity received no benefit
from creative manipulations, save for those scoring
high in flexibility possibly performing better in
the structured color card condition. This suggests
little support for a structured creative manipulation
meant to draw children’s focus to task-relevant

stimuli to help them perform an EF task, though
more work is warranted to see if it may be beneficial
for children already high in creativity. Previous work
has found that EF gains are typically dependent on
individual differences. For example, those who see
the most EF improvement in structured interven-
tion are those with low EF (Diamond & Lee, 2011).
Therefore, those high in creativity perhaps did
not benefit greatly from the creative intervention
because their creativity and potentially EF was
already at the higher end.

In addition, the present results may point to
other individual differences that may be important
to measure when examining the effectiveness of
a structured and unstructured intervention. For
example, base abilities in creativity may be impor-
tant to understanding how a creative art-based
intervention may work. These results might also
explain why creativity and EF research has been
contested. Indeed, our own results were not able to
replicate correlational EF—creativity relationships,
and results in this area are mixed, with a few studies
claiming a connection (e.g., Edl et al., 2014; Zhao
et. al, 2021), whereas others have suggested oth-
erwise (e.g., Sharma & Babu, 2017). One possible
explanation for our null findings lie in our lack of
power to detect small to medium sized effects. In
the present research any indications of potential
findings were only for effects that were at least of
medium effect size, given our limited sample. Thus,
itis possible that the relationship between creativity
and EF is likely subtler and more nuanced with
potentially smaller effect sizes with considerations
of multiple aspects and individual differences in
creativity being important (e.g., atypical and typi-
cal fluency). Conducting more studies with these
individual differences in mind and larger and more
controlled samples (e.g., equal participants in each
condition) may aid in understanding the nuanced
connection between EF and creativity.

Finally, there are many possible interpreta-
tions and implications for this research. Although
representational frameworks typically examine EF
with a focus on a somewhat unitary ability related
to the importance of representing and reflecting
on task relevant information to guide behavior,
it is possible that, by examining this creative
intervention within the DCCS, we are limited to
understanding the impact of creative manipula-
tions within a cognitive flexibility setting. There
is current debate in the field regarding the utility
of breaking EF into separable components with
little consideration to contextual factors (Doebel,
2020). It will be interesting for research to examine
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the role of creative manipulations across a broad
conceptualization of EF.

Limitations

Limitations of this study include a small sample
size as well as unequal group sizes. Therefore, the
generalizability and replicability of this study are
impacted. In the future, a larger number of partici-
pants and equal group sizes should participate to
increase the reliability of the study. Also, only one
measure of creativity and two measures of EF were
conducted. Other studies used different measures,
which may account for the differences in the link
between creativity and EF. Although our study
found no connection between creativity and EF,
repeating this study with different creativity and EF
measures may produce different results. Likewise,
this study repeated with the creative conditions
before a different EF task may also produce differ-
ent results.

Conclusions

In sum, the present work did not find strong
evidence for a relationship between EF and
creativity but suggested that more work may be
useful examining whether the impact of a creative
manipulation on EF could vary by creative ability.
With regard to implications, several types of thera-
pies focus on using creative art-based intervention
to improve children’s regulation and EF (Park et
al., 2015). Based on our results, it is possible that
creative interventions may impact EF, however,
individual differences may need to be considered.
In particular, speech language pathologists provide
treatment intervention for populations who exhibit
deficits in EF such as autism spectrum disorder,
attention deficit hyperactivity disorder, and Down
syndrome (Brunamonti et al., 2011; Chevalere et
al., 2019). By adding art therapy ideas into speech
language therapy sessions, there is more potential
to increase EF, but more research is needed to fully
understand how a creative intervention will impact
EF. It will be important for future work with larger
samples and more targeted age ranges to extend
these types of considerations into more applied
settings and examine the longevity and generaliz-
ability of these effects.
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