€Y Routledge

g Taylor &Francis Group

Journal of Cognitive Psychology

ISSN: 2044-5911 (Print) 2044-592X (Online) Journal homepage: http://www.tandfonline.com/loi/pecp21

Motor creativity: the roles of attention breadth
and working memory in a divergent doing task

Alexander Moraru, Daniel Memmert & John van der Kamp

To cite this article: Alexander Moraru, Daniel Memmert & John van der Kamp (2016): Motor
creativity: the roles of attention breadth and working memory in a divergent doing task,
Journal of Cognitive Psychology, DOI: 10.1080/20445911.2016.1201084

To link to this article: http://dx.doi.org/10.1080/20445911.2016.1201084

@ Published online: 26 Jun 2016.

N
CJ/ Submit your article to this journal &

||I| Article views: 5

A
& View related articles '

PN

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journallnformation?journalCode=pecp21

(Download by: [Deutsche Sporthochschule Koeln], [Alexander Moraru] Date: 29 June 2016, At: 02:02 )



http://www.tandfonline.com/action/journalInformation?journalCode=pecp21
http://www.tandfonline.com/loi/pecp21
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/20445911.2016.1201084
http://dx.doi.org/10.1080/20445911.2016.1201084
http://www.tandfonline.com/action/authorSubmission?journalCode=pecp21&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=pecp21&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/20445911.2016.1201084
http://www.tandfonline.com/doi/mlt/10.1080/20445911.2016.1201084
http://crossmark.crossref.org/dialog/?doi=10.1080/20445911.2016.1201084&domain=pdf&date_stamp=2016-06-26
http://crossmark.crossref.org/dialog/?doi=10.1080/20445911.2016.1201084&domain=pdf&date_stamp=2016-06-26

Downloaded by [Deutsche Sporthochschule Koeln], [Alexander Moraru] at 02:02 29 June 2016

JOURNAL OF COGNITIVE PSYCHOLOGY, 2016
http://dx.doi.org/10.1080/20445911.2016.1201084

Routledge

Taylor & Francis Group

39031LN0Y

Motor creativity: the roles of attention breadth and working memory in a

divergent doing task

Alexander Moraru?, Daniel Memmert® and John van der Kamp®<

%Institute of Cognitive and Team/Racket Sport Research, German Sport University, Cologne, Germany; PResearch Institute MOVE
Amsterdam, Faculty of Behavioural and Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands; “Institute of
Human Performance, University of Hong Kong, Hong Kong, Hong Kong SAR, China

ABSTRACT

We evaluated the dual-pathway model to creativity in a motor context. The model
describes separate flexibility and persistence pathways that are affected differently by
breadth of attention and working memory. Motor creativity was tested using a
divergent doing task. In Experiment 1 participants performed the divergent doing task
after attention was broadened, narrowed or not manipulated. In Experiment 2, the
divergent doing task was performed with a low or high working memory load. We
found that a broad attention increased flexibility but not persistence. Also originality
was unaffected. Taxing working memory did not affect persistence, flexibility or
originality. The results provide partial support for the dual-pathway model in motor
creativity. Discusion focusses on increased demands for the appropriatness of a
solution in divergent doing relative to divergent thinking and to degree to which this
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implies a more general shortcoming of the dual-pathway model.

Creativity is defined as the generation of original, yet
appropriate ideas, insights and solutions for pro-
blems (e.g. Runco, 2007; Sternberg & Lubart, 1999).
Most theoretical and empirical efforts in creativity
addressed problem solving in the arts, science and
cognition. However, resourcefulness in the motor
domain has barely been examined (cf. Bernstein,
Latash, & Turvey, 1996). In fact, the majority of
studies that did examine motor creativity are direc-
ted towards a better understanding of creativity in
the cognitive domain. That is, to study the develop-
ment of creativity, researchers have typically
examined motor creativity, because young children -
being in the sensorimotor stage of development —
are thought to more easily express creativity
through movement (e.g. Bournelli Makri, &
Mylonas, 2009). In doing so, the assumption is that
finding solutions for cognitive and motor problems
is not fundamentally different. Yet, there has been
little research that examined the extent to which
the factors that constrain finding original solutions
in the cognitive domain, do also constrain resource-
fulness in solving motor problems. Hence, the main

purpose of the current paper is to explore to what
degree breadth of attention and working memory,
factors that have been shown to affect creativity in
cognitive tasks (i.e. divergent thinking), also con-
strain finding creative solutions in motor tasks (i.e.
divergent doing).

A recent influential model for creativity in cogni-
tive problem solving is the so-called dual pathway to
creativity model (Nijstad, De Dreu, Rietzschel, & Baas,
2010). The dual-pathway model proposes that two
functionally different manners towards finding origi-
nal solutions exist: flexible and persistent thinking.
Flexible thinking, which builds on traditional
approaches to creativity (Friedman, Fishbach,
Forster, & Werth, 2003; Kasof, 1997; see also
Memmert, 2007; Nijstad et al., 2010), refers to the
notion that original solutions can be generated by
the combination of, and switching between ideas
and concepts that are normally not associated with
each other. In contrast, persistent thinking reflects
the idea that original solutions can arise from a
focused and structured search of limited number
of ideas and concepts only (De Dreu, Nijstad, Baas,
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Wolsink, & Roskes, 2012). For example, in divergent
thinking tasks, in which participants are presented
with a problem for which they are requested to
find as many different solutions as possible, the
number and originality (e.g. reflected by ratings of
independent judges) of solutions are used to
assess creativity in problem solving. Accordingly,
flexible thinking is typically measured by counting
the total number of different, mutually exclusive,
cognitive categories from which the solutions origi-
nate (often denoted as flexibility), while persistent
thinking is measured by the average number of solu-
tions derived from one and the same category
(sometimes referred to as within-category fluency).

The dual-pathway model holds that flexible and
persistent thinking both lead to the generation of
original solutions, but are differentially affected by
factors such as breadth of attention, working
memory capacity and mood (De Dreu, Baas, &
Nijstad, 2008; De Dreu et al, 2012; Nijstad et al.,
2010). First, with respect to breadth of attention,
Friedman et al. (2003) have argued that a relatively
broad focus facilitates the accessibility of remote
categories and the forming of new connections
between these categories (i.e. increase in flexibility),
leading to an increase in original solutions
(Friedman et al,, 2003; Friedman & Forster, 2010;
see also Kasof, 1997; Memmert, 2007). In contrast
to flexible thinking, persistent thinking should
remain unaffected by breadth of attention. For
example, Nijstad et al. (2010) discuss unpublished
work that manipulated the breadth of attention
using a Navon task (i.e. participants are presented
with a large letter made up of small letters, and
either have to read the large or small letter, which
induces a broad or narrow focus of attention respec-
tively) in two divergent thinking tasks. In divergent
thinking on a broad topic, which strongly relies on
flexible thinking, a broad focus of attention resulted
in more solutions from different categories (i.e.
increased flexibility) relative to a narrow focus of
attention. However, in divergent thinking on
narrow topics, which more strongly involves persis-
tent thinking, neither the number of solutions
across categories (i.e. flexibility) nor the number of
solutions within categories (i.e. within-category
fluency) was affected by the attention manipulation
(see also Friedman et al.,, 2003).

Second, working memory is thought to facilitate
persistent thinking reflected in an in-depth explora-
tion of a few categories only. Accordingly, enhanced
working memory should result in an increased

number of original within-category solutions, while
not affecting flexible thinking (De Dreu et al.,, 2012;
Oberauer, Suss, Wilhelm, & Wittmann, 2008; Suss,
Oberauer, Wittmann, Wilhelm, & Schulze, 2002; but
see Furley & Memmert, 2015; Takeuchi et al., 2011).
Working memory keeps new information in a heigh-
tened state of availability and ascertains the rele-
vance of information for the task at hand
(Unsworth & Engle, 2007). By prolonging access to
new information, working memory allows for over-
riding habitual tendencies such as sticking to the
more readily available solutions, and relating it to
information retrieved from long-term memory. De
Dreu et al. (2012) showed that participants perform-
ing a remote associates test, in which they are pre-
sented with three words that have to be
connected by finding a word that is related to all
three (e.g. “swimming”, “cue”, “car” relates to
“pool”), solved less problems when their working
memory was taxed by a high load dual task com-
pared to a dual task that required less working
memory capacity. Subsequently, De Dreu et al.
(2012) demonstrated that individual working
memory capacity predicted persistent thinking, but
not flexible thinking. That is, the within-category
fluency and originality of the solutions generated
by the participants on a divergent thinking task cor-
related with the working memory capacity as mea-
sured with the OSPAN task. The number of
different categories from which these solutions
were sampled (i.e. flexibility) did not relate to
working memory capacity. In other words, working
memory capacity promotes “deeper” thinking
rather than “wider” thinking. Importantly, De Dreu
et al. (2012) provide initial evidence that the dual-
pathway model may bear on other domains, not
only on the cognitive. That is, originality in musical
improvisation is shown to relate to working
memory capacity. Here, we are interested whether
the dual-pathway model for creativity can be
extended into the motor domain, also because
attention and working memory have been shown
to constrain performance and learning of new
motor tasks (e.g. Buszard, Farrow, Zhu, & Masters,
2016; Janacsek & Nemeth, 2013; Kasper, Elliott, &
Giesbrecht, 2012).

In order to investigate motor creativity (i.e.
finding original solutions to motor problems), a
few researchers have modified the divergent think-
ing task into a divergent doing task (Cleland & Galla-
hue, 1993; Scibinetti, Tocci, & Pesce, 2011; Wyrick,
1968). Divergent doing tasks require participants to
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solve a motor problem in as many ways as possible
by actually producing them, rather than listing the
possible actions. However, this previous work
focused on the number and originality of the
motor solutions, but did not investigate the degree
to which these solutions reflect the flexibility or per-
sistence pathways. Hence, the main purpose of the
current paper is to examine the validity of the
dual-pathway model to creativity for motor creativ-
ity, and, in particular, whether flexibility and persis-
tence can be distinguished in generating original
and appropriate solutions to motor problems.

Addressing this is the more important, because in
divergent doing tasks the capability to actually
perform the action restricts the number and origin-
ality of solutions that can be found. Consequently,
the appropriateness of the solution is a much
more critical constraint in divergent doing than in
divergent thinking. In fact, although appropriateness
is a pertinent criterion in most descriptions of crea-
tivity (e.g. Amabile, 1983; Runco, lllies, & Eisenman,
2005; Sternberg & Lubart, 1999), studies using diver-
gent thinking tasks typically do not take a solution’s
appropriateness into account (e.g. De Dreu et al.,
2008; Friedman et al, 2003). Hence, in divergent
thinking tasks, a participant can propose an original
solution that turns out to be inappropriate (e.g.
opening the fridge to cool down the house). In diver-
gent doing tasks, a participant can think of an origi-
nal solution, but to be appropriate, they must also be
capable of acting it out, at least to some extent.

Moreover, several authors have pointed out the
necessity of replicating effects found with one set
of stimuli (e.g. in cognitive tasks) with stimuli that
differ in complexity (e.g. in motor tasks) to ensure
that the observed phenomenon is real and ubiqui-
tous (Fiedler, 2011; Kingstone, Smilek, Ristic,
Friesen, & Eastwood, 2003; Simmons, Nelson, &
Simonsohn, 2011). Hence, we performed two
studies that examined the involvement of flexible
and persistent thinking in divergent doing tasks.
Experiment 1 examined the effects of individual
breadth of attention on producing creative motor
solutions, while Experiment 2 assessed the effects
of working memory load.

Experiment 1

The dual-pathway model argues that breadth of
attention affects flexible thinking, but not persistent
thinking (e.g. Nijstad et al., 2010). In flexible thinking,
a broad focus would result in solutions from more
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categories (i.e. flexibility) than a narrow focus of
attention (Friedman et al, 2003). With regard to
the motor domain, Memmert (2007) manipulated
the breadth of attention by providing different sets
of instructions related to game tactics (see
Memmert & Furley, 2007) to two groups of young
children during a 6-month physical education pro-
gramme. The group that received instructions
aimed at the broadening of attention showed
more creative tactical solutions in a game tactic
test (Memmert, 2010) performed after the pro-
gramme, whereas narrow attention instructions did
not affect motor creativity. However, the authors
did not differentiate between flexible and persistent
thinking. For Experiment 1, we therefore designed a
divergent doing task that allowed us to classify the
solutions according to action categories, and
hence determine the number of solutions across
(i.e. flexibility) and within categories (i.e. persis-
tence). That is, participants were required to
produce as many actions as they could on an
agility ladder (e.g. stepping, hopping, skipping,
walking on hands and feet, walking on hands and
so on). An agility ladder is a rope ladder, laid on
the ground, forming spaces to move in and out to
in a consistent pattern (Figure 1). The agility ladder
is used as a training device to develop agility and
coordination by athletes from many different
sports. Typically, athletes are challenged to
perform a variety of drills, which makes the agility
ladder a natural choice for studying motor creativity
among athletes with from a background in different
sport disciplines. Hence, students from a Sport Uni-
versity were assigned to one of the three groups

Figure 1. The agility ladder task. A drill consists of a regular
pattern of foot-placements inside and/or outside the
squares from one end to the other end of the ladder. Parti-
cipants were asked to perform as many different drills as
they could. [To view this figure in color, please see the
online version of this journal.]
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and asked to perform as many different drills as pos-
sible. The participants in the broad attention focus
group read the large letters of the Navon-reading
task before performing the divergent doing task.
The participants in the narrow attention focus
group read the small letters of the Navon-reading
task before performing the divergent doing task.
Finally, the participants in the control group read a
mix of both large and small letters of the Navon-
reading task. Following the dual-pathway model, it
was hypothesised that the broad attention focus
group would produce an increased number and ori-
ginality of solutions from different categories (i.e.
flexibility, which should also be reflected by
shorter median length of bouts of consecutive solu-
tions from within the same category), whereas the
narrow focus group would show a reduced
number and originality of solutions from different
categories. In contrast, no differences were expected
with respect to motor solutions within a category
(i.e. persistence).

Methods

Participants

Fifty-seven sport university students (28 female;
agey =22.6, agesp = 3.4) volunteered to participate.
They were non-elite athletes, yet had practiced 4.4
different sports on average, with an average of
10.5 years of experience in their current main
sport. The study was carried out in accordance
with the Helsinki Declaration, and written informed
consent was obtained from each participant before
the start of the experiment.

Material and apparatus

The experiment was conducted in a laboratory
equipped with a computer and monitor, and a 4 m
agility ladder laid on the ground. A space of at
least 1.5 m surrounded the ladder, which guaran-
teed unrestricted performance of the drills. The com-
puter and monitor provided the written instructions
and were used to administer the Navon-reading
task. A Microsoft 1080p HD Sensor webcam, which
was secured in one of the top corners of the room,
was used to record participants’ performance on
the divergent doing task.

Procedure and design

Before the start of the experiment, participants were
told they would participate in an experiment about
attention and creativity in sports. They were then

seated at the desk in front of the monitor to
perform the Navon-reading task (Navon, 1977). Par-
ticipants were randomly assigned to either the
broad or narrow attention focus or control group.
The procedure was identical to the one used by
Forster (2009) (see also De Dreu & Nijstad, 2008). Par-
ticipants were presented with a series of large letters
(2.5 cm x 2.5 cm), each consisting of small letters
(0.5 cm x 0.5 cm; i.e. each horizontal or vertical line
forming a large letter consisted of five closely
spaced small letters, Figure 2). Participants were
instructed to identify the target letters H or L. For
the broad attention focus group, these target
letters were always large, whereas for the narrow
attention group the target letters were always
small. In the control group, a mix of both large and
small target letters was presented in a random
order. For the broad and narrow focus conditions,
there were four variations of the stimulus, two con-
taining the target letter “H” and a non-target letter,
and two containing the target letter “L” and a non-
target letter. On each trial, participants were first pre-
sented with a fixation cross “+” in the centre of the
screen for 500 ms. Then, one of the four variations
of the stimulus was randomly presented. Partici-
pants were instructed to press the “L"-key, if the
stimulus contained the letter L, and to press the
“H"-key, if the stimulus contained the letter H. They
were instructed to respond as quickly as possible.
The four variations of the stimuli were repeated 12
times in a random order, resulting in either 48
trails with a large letter stimulus (i.e. broad focus)
or 48 trials with a small letter stimulus (narrow
focus) trials. The procedure of the Navon task was
identical for the control condition, except that the

HHHH
H
HHHH
H
H

Figure 2. An example of a Navon letter, with the target
letter “H” making up a large non-target letter “F".
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four stimulus variations of both the broad and
narrow condition were used resulting in a total of
eight different stimuli. These were presented six
times in a random order, totalling 48 trials.

After completing the Navon-reading task, the par-
ticipants were introduced to the agility ladder and
received the instructions for the divergent doing
task. The current instructions were adapted from
the divergent thinking instructions as used by De
Dreu et al. (2008; see also Nijstad, Stroebe, &
Lodewijkx, 2002; Rietzschel, Nijstad, & Stroebe,
2007): (1) think of and execute as many different
drills as possible; (2) you have a total of 6 minutes
for this; (3) the drills you do may be existing drills,
but you are encouraged to produce new drills; (4)
you do not have to be able to perform the drills at
top speed; (5) the drills you produce will not be
shared with and judged by others. Hence, do not cri-
ticise your own ideas or drills.

After completing the divergent doing task, parti-
cipants completed a questionnaire to assess demo-
graphic data and sports experience. Participants
were also invited to voice any suspicion regarding
the relationship between the Navon-reading task
and the agility ladder task. None of the participants
commented regarding the purpose of the Navon-
reading task relative to the divergent doing task.

Data analysis

To assess the number and originality of the motor
solutions, each drill was categorised. Basically, each
action was classified according to the mode of loco-
motion (i.e. coordination modes), taking into
account the number of limbs that were involved in
propulsion and the way they were temporally coor-
dinated. Hence, categories included (combinations
of) alternated stepping, hopping on two feet,
hopping on one foot, skipping, locomoting on
hands and feet and so on. Within-categories solu-
tions were defined as using the same mode of loco-
motion but moving with a different spatial pattern
across the ladder (see Figure 3). A random subset
of 20% of the videos was coded by two independent
observers. The interrater agreement (Cohen’s k)
among raters was .77 (p <.01), which is commonly
seen as good (Altman, 1991; Landis & Koch, 1977).
Subsequently, fluency (the total number of different
solutions, i.e. across and within categories), flexibility
(the total number of different categories used) and
persistence (the average number of within-category
solutions) were calculated. As flexible thinking is
thought to manifest itself through frequent
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Figure 3. Three examples of spatial patterns for stepping
that can be performed on the agility ladder. A: going one
square forward, one left, one forward, one right, one
forward, one right, one forward, one left, etc. B: moving
two squares forward, then one back, etc. C: moving one
square forward, then stepping out on both sides, then step-
ping inside the ladder again. [To view this figure in color,
please see the online version of this journal.]

switching between categories and persistent think-
ing through in-depth exploration of a specific cate-
gory, we also sought to measure these concepts
by determining the median length of bouts of con-
secutive solutions within a category. This new
measure is presumed to point two ways: longer
bouts point to increased persistence and shorter
bouts to increased flexibility. For each participant,
we calculated the median bout length. A low
median bout length reflects switching frequently
between categories, while a high median bout
length reflects in-depth exploration. A frequency
distribution for the median bout length is shown
in Figure 4.

Finally, after the drills were categorised, the 6-
minute performance on the divergent doing task as
a whole was rated for originality, being defined as
“a performance containing drills that were infrequent,
novel and unique” (1 =not original at all to 5= very
original, compare Memmert, 2007; Memmert &
Roth, 2007). Scoring originality based on one overall
evaluation of all the solutions a participant generates

30

Frequency
N
o

Bout lenght

Figure 4. The frequency distribution of median bout
lengths in Experiment 1.
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is a common way of rating for originality in divergent
thinking tasks (Silvia, Martin, & Nusbaum, 2009). Parti-
cipants of the broad and narrow attention focus
groups were rated in random order, while perfor-
mances of the control group were rated later." All per-
formances were rated by two independent raters in
different random orders. Interrater agreement was
good with intraclass-correlation (ICC) =.76 (Cicchetti
& Sparrow, 1981). The average score for each partici-
pant between raters was used as measure for
originality.

To assess the effects of breadth of attention,
fluency (i.e. the total number of solutions), flexibility
(i.e. the total number of categories) and persistence
(i.e. the average number of within-category solu-
tions) were compared between the three groups
using a one-way independent ANOVA. The n*> was
used as measure of effect size. Significant effects
were followed up with Tukey-HSD tests, and
Cohen’s d was used as measure of effect size. In
addition, the originality ratings and the mean bout
length of the three groups were compared using
the Kruskal-Wallis test, and follow-up Mann-
Whitney tests with a Bonferroni correction were
planned to identify differences between groups.
Finally, to examine the degree to which originality
relates to fluency, flexibility and persistence, Spear-
man p correlations were calculated.

Results

The majority of participants reported to be familiar
with the agility ladder, although they only used it
incidentally during practice. To check if familiarity
is associated with the main dependent variables of
creativity, correlation analyses were performed.
Spearman p correlations did not reveal a significant
relationship between years of experience with the
agility ladder and originality (o=-.04, p=.77), or
median bout length (p=.01, p=.99). In addition,
Pearson correlations between years of experience
and fluency (r=.05, p=.70), flexibility (r=-.13,
p =.34) and persistence (r=-.10, p = .47 were non-
significant as well.

Table 1 reports the number and originality of
motor solutions for the three groups. It appears
that a broad focus of attention resulted in more flex-
ible (i.e. solutions from more categories) and original
motor solutions than a narrow focus of attention. A
one-way ANOVA confirmed this by a significant
effect of attentional focus for flexibility, F(2, 54) =
322, p<.05 n*=.12. Post-hoc comparisons

indicated that the broad attention group (M=4.11,
SD =0.74) was significantly more flexible than the
narrow attention group (M=3.32, SD=1.16; p<
.05, d=.82). The flexibility of the control group
(M=3.63, SD=0.96) was exactly in between the
two experimental groups, but did not differ signifi-
cantly from either of them. The anticipated effect
for originality, however, failed to reach significance,
H(2) =3.48, p=.18, n* = .06.

With respect to the median bout length of conse-
cutive within-category solutions, Table 1 suggests
that the narrow attention group performed longer
bouts compared to the broad attention and
control group, however, this effect just failed to
reach significance, H(2) = 5.96, p=.051, n* = .10.

Finally, attentional focus did not affect fluency, F
(2, 54)=.37,p> .05, r]2 =.01, or persistence, F(2, 54) =
143, p > .05, n” = .05.

Table 2 reports the correlations among the
dependent variables. Spearman rank correlations
revealed associations between originality and
fluency (p = .45, p <.001) and originality and flexibil-
ity (0=.59, p <.01). The relation between originality
and the median bout length (o = —.24, p =.08) failed
to reach significance. No relation was found
between originality and persistence (p=.09, p=
.95). Finally, flexibility and persistence were found
to correlate negatively (o =—.55, p <.01).

Discussion

Experiment 1 assessed the effects of attentional
breadth on a divergent doing task. Analogous to
observations for divergent thinking tasks (e.g. De
Dreu et al.,, 2008; Nijstad et al., 2010), the present
results point towards separate contributions of the
flexibility and persistence pathways. More

Table 1. Descriptive statistics (Experiment 1).

Condition Mean SD
Originality Control 3.00 0.93
Broad 3.53 0.87
Narrow 3.18 0.77
Fluency Control 21.58 5.05
Broad 23.16 6.46
Narrow 21.84 6.52
Flexibility Control 3.63 0.96
Broad 41 0.74
Narrow 332 1.16
Persistence Control 3.84 3.27
Broad 5.76 1.78
Narrow 745 3.93
Median bout length Control 1.26 0.54
Broad 1.55 0.60
Narrow 3.03 434
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Table 2. Spearman correlations (Experiment 1; N =57).
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Originality Fluency Flexibility Persistence Median bout length
Originality 1 A45%* 59%* .09 —.24
Fluency 1 19 62%* 14
Flexibility 1 —.55%% A4x*
Persistence 1 —.38%*

Median bout length

1

**Correlation is significant at the .01 level (two tailed).

specifically, we observed a significant negative rela-
tion between flexibility and persistence, which
means participants who tended to use more differ-
ent modes of locomotion also on average found
less solutions within a particular mode. More impor-
tantly, we found distinct effects of breadth of atten-
tion on flexibility and persistence. We showed that a
broad focus of attention increased the number of
locomotion modes that participants used in per-
forming the agility ladder drill compared to a
narrow focus of attention (and the control group).
However, the number of different spatial patterns
for a particular mode of locomotion was not affected
by attentional focus. In other words, in accordance
with predictions of the dual-pathway model,
breadth of attention influenced flexibility, but not
persistence. Interestingly, however, a non-significant
trend was found concerning the length of the bouts
of consecutive spatial patterns from within the same
category or mode of locomotion. This suggested
that the narrow attention group used longer bouts
than the broad attention and the control groups.
Hence, although all three groups produced the
same number of spatial patterns, a narrow attention
focus might lead to more persistent exploration of
solutions within a category or mode of locomotion
and less switches between categories than a broad
or neutral attention focus. Although the originality
of the motor solutions was only related to flexibility
and not persistence, the originality of the motor

Bout lenght

Figure 5. The frequency distribution of median bout
lengths in Experiment 2.

solution was not rated differently as a function of
attentional focus. Hence, Experiment 1 did not
provide full support that - next to the total
number of categories of locomotion - broad atten-
tion increases motor creativity (i.e. original and
appropriate motor solutions) through the flexibility
pathway. Because in the divergent doing task the
criterion of appropriateness pertains much more
strictly, it is possible that the divergent doing tasks
are more constrained than the divergent thinking
tasks with respect to demonstrating originality. Simi-
larly, emphasising appropriateness or feasibility has
been shown to reduce the originality of solutions
in creative thinking tasks (e.g. Runco et al., 2005).
Accordingly, future research may want to increase
the number of participants or the duration of the
divergent doing task, to increase power for identify-
ing differences in originality as a function of the
breadth of attention.

Experiment 2

The dual-pathway model predicts that working
memory capacity affects creativity through enhan-
cing the in-depth exploration of within-category
solution, and hence, persistence thinking, but not
flexible thinking (De Dreu et al., 2012). Yet, although
working memory has been indicated as a predictor
of explicit motor learning (Buszard, Farrow, Zhu, &
Masters, 2013; Buszard et al, 2016; Janacsek &
Nemeth, 2013), we are not aware of any studies
examining the relationship between working
memory and motor resourcefulness or creativity.
Experiment 2, therefore, aimed at assessing the
degree to which working memory affects motor
creativity, thereby differentiating between flexible
and persistent thinking. Hence, participants’ perfor-
mance was compared for the same divergent
doing task (i.e. the agility ladder) as for Experiment
1, but with their working memory taxed to different
degrees (see De Dreu et al., 2012). Based on the dual-
pathway model, we hypothesised that relative to a
low working memory load, a high working
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memory load would reduce the number and origin-
ality of within-category solutions (i.e. persistence),
and would lead to a lower median bout length of
consecutive within-category solutions. With respect
to the total number of motor solutions and
number of different categories (i.e. flexibility), we
expected no effects of taxing working memory.

Methods

Participants

Fifty-six sport university students (36 female; agey, =
20.6, agesp = 1.9) participated voluntarily in Experi-
ment 2. They were non-elite athletes, but on
average did practice 3.7 different sports, and had
an average of 8.6 years of experience in their
current main sport. The study was carried out in
accordance with the Helsinki Declaration. Written
informed consent was obtained from each partici-
pant before the start of the experiment.

Material and apparatus

The material and recording devices for the agility
ladder task (i.e. the divergent doing task) were iden-
tical to Experiment 1.

Procedure

The procedure and instruction for the agility ladder
task were identical to Experiment 1. The only differ-
ence was that, instead of receiving different breadth
of attention manipulations, participants were
required to perform a secondary number-recall
task that differentially taxed working memory
during the agility ladder task. First, participants
were randomly assigned to the low working
memory load group or high working memory load
group. Cognitive load was manipulated by asking
participants to keep in mind a string of either two
digits (i.e. low working memory load condition) or
five digits (high working memory load condition)
while they performed the agility ladder task (De
Dreu et al., 2012). Just before starting the agility
ladder task, a string of digits was shown on the
monitor and participants had 10 seconds to memor-
ise it, before the digits disappeared from the
monitor. They then started the agility ladder task.
After one minute a tone would sound, upon which
the participants interrupted the agility ladder task
and entered the memorised string in the computer.
They then received a new string of digits and, follow-
ing the same procedure, would continue the agility
ladder task until after another minute the tone

would sound again and so on until the total of 6
minutes on the agility ladder task were completed.
Based on Baddeley (2003; see also De Dreu et al,
2012), we was assumed that the two-digit task
taxed working memory less than the five-digit task
and that, under the five-digit task, working
memory would not be fully occupied.

After completion of the agility ladder task, partici-
pants completed a questionnaire to assess demo-
graphic data and sports experience. Participants
were also invited to voice any suspicions concerning
the cognitive load manipulation and its relation to
the performance on the agility ladder task. No rele-
vant suspicions were voiced by the participants.

Data analysis

Data analysis was identical to Experiment 1, with the
comparisons now being made between the low and
high working memory load conditions using inde-
pendent t-test and Mann-Whitney test. A frequency
distribution for the median bout length is shown in
Figure 5. In addition, as a manipulation check, the
number of correctly recalled strings was counted
and submitted to an independent t-test.

Results

Again, the majority of participants were already
familiar with the ladder, although they only had
used it incidentally during practice. Spearman p cor-
relations did not reveal a significant relationship
between years of experience with the agility
ladder and originality (p=.12, p=.39), or median
bout length (0o =.03, p=.85). In addition, Pearson
correlations between years of experience and
fluency (r=-.16, p=.23), flexibility (r=-.26, p>
.05) and persistence (r=.09, p=.49) were non-
significant.

As can be seen in Table 3, participants in the low
working memory load condition recalled more
strings correctly than participants in the high
working memory condition group, t(54) =2.50, p <
.05, Cohen’s d=.67, indicating that the working
memory manipulation was indeed successful. Table
3 also reports the number and originality of motor
solutions for the two groups. There were no clear dif-
ferences between the groups. Hence, we did not
find significant effects of working memory load on
fluency, t(54) = —.08, p = .94, d = —.02) and flexibility,
t(54)=-.11, p=.91, d=-.03, nor on persistence, t
(54) = .44, p = .66, d = .12 or median bout length, U=
381.50, Z=-.20, p=.84, r=-.03. Also, the ratings
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Table 3. Descriptive statistics (Experiment 2).

Condition Mean SD
Originality Low tax 3.09 1.03
High tax 3.13 0.83
Fluency Low tax 27.29 6.63
High tax 2743 6.79
Flexibility Low tax 3.64 1.25
High tax 3.68 1.16
Persistence Low tax 8.97 5.69
High tax 8.38 423
Median bout length Low tax 1.45 0.82
High tax 1.55 1.07

for originality did not significantly differ between
groups, U=385, Z=-.12, p=.91, r=—-.02. Finally,
Spearman rank correlations revealed significant
associations between originality and fluency (p=
40, p<.01), and originality and flexibility (o =.36,
p <.01), but not between originality and persistence
(0=.05, p=.97) or originality and median bout
length of consecutive within-category solutions (p =
.02, p=.88). Additionally, the number of correctly
recalled strings did not correlate with any of the
measures of creativity (Table 4).

Discussion

Experiment 2 examined the effects of working
memory load on the performance of divergent
doing task. Based on the dual-pathway model, we
hypothesised that enhanced loading would
adversely affect persistence, but not flexibility. At
best, the findings can be interpreted as partially con-
firming these conjectures. That is, motor creativity in
the ladder agility task was stable in the face of differ-
ent working memory loads. This was expected for
flexibility, but not for persistence. At this point, we
can only speculate as to causes of the absence of
any effect. Potentially, divergent doing tasks, or at
least the current agility ladder task, are performed
much more implicitly than the previously reported
divergent thinking tasks. As a result, a much stronger
taxing of working memory may has been required to
disrupt performance on the divergent doing task.
Noteworthy is that fluency and flexibility in

Table 4. Spearman correlations (Experiment 2; N = 56).
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Experiment 2 are of the same order of magnitude
as in Experiment 1, while if anything, persistence
scores seem a little higher compared to Experiment 1.

Alternatively, it might be that, relative to diver-
gent thinking, performance on divergent doing
tasks capitalise more strongly on the flexibility
pathway than on the persistence pathway (cf. Lee
& Therriault, 2013). Additionally, it has to be noted
that the role of working memory in cognitive creativ-
ity has not been unequivocally established, with
some authors reporting a relationship, while others
do not (see Furley & Memmert, 2015 for a
discussion).

General discussion

We assessed the merits of the dual pathway to crea-
tivity model (Nijstad et al.,, 2010) for motor creativity;
that is, for finding original and appropriate solutions
to motor problems. The model distinguishes
between flexible and persistent pathways for
finding creative solutions, particularly for cognitive
problem solving. A key observation that supports
the existence of two separate pathways is that
they are differentially constrained by breadth of
attention and working memory (De Dreu et al,
2008, 2012; Nijstad et al., 2010). Accordingly, we
examined whether the two pathways could also be
differentiated in the case of motor creativity. Speci-
fically, we sought to demonstrate that in a divergent
doing task, breadth of attention primarily influences
motor solutions supported by the flexible pathway,
while working memory mainly affects motor solu-
tions from the persistent pathway. In brief, our
studies showed that with regard to flexibility (i.e.
the number of different modes of locomotion per-
formed by the participant), motor solutions were
affected by breadth of attention but not by
working memory. However, as far as it concerns per-
sistence (i.e. the average number of different spatial
patterns for a specific mode of locomotion), we
found neither an effect of breadth of attention nor
an effect of working memory. Consequently, the

Originality Fluency Flexibility Persistence Median bout length
Originality 1 407 36%* .01 —.02
Fluency 1 .18 AG** a7
Flexibility 1 —.73%* —.24

Persistence
Median bout length

1 .26
1

*Correlation is significant at the .05 level (two tailed).
**Correlation is significant at the .01 level (two tailed).
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present studies provide evidence - at least partial -
that supports the existence of a flexible pathway for
motor creativity or resourcefulness, but fail to do so
for the persistence pathway.

Thus, it seems that the present findings support
the notion of a flexible pathway for motor creativity
that is constrained by breadth of attention, but not
working memory, similar to what has been pre-
viously observed for cognitive creativity (Friedman
et al, 2003; Friedman & Forster, 2010; Kasof, 1997;
Nijstad et al., 2010). In particular, inducing a broad
focus of attention enhanced the number of different
modes of locomotion that participants performed
on the ladder agility task. However, it is important
to note that a broader attentional focus did not
lead to a significant increase in originality. It is not
particularly clear why this is the case. One interpreta-
tion would be that rating (and defining) the original-
ity of a solution typically is done relative to other
solutions - including those made by others. Conse-
quently, a solution that is rare is more likely to be
rated as original (De Dreu et al, 2012; Torrance,
1966). Indeed, the positive relationship between ori-
ginality and fluency (i.e. the total number of locomo-
tor solutions) and flexibility (i.e. the number of
different modes of locomotion), irrespective of
attention focus and working memory load, affirms
such an interpretation. In addition, it is also clear
that in divergent doing tasks the criterion of appro-
priateness is much more limiting than in divergent
thinking tasks. If motor ability is insufficient (e.g.
only few people can walk on hands), then the
thought of action cannot be performed. This is in
line with earlier observations in divergent thinking
that showed that increasing the demand on appro-
priateness makes it harder for people to find original
solutions (Runco et al., 2005).

The current study does not provide unambiguous
evidence for a persistence pathway for motor crea-
tivity. An increased working memory load did not
reduce the number and originality of spatial displa-
cements across the ladder for a given mode of loco-
motion. Instead, the negative correlations between
persistence and flexibility might even point to per-
sistence and flexibility being two ends of a conti-
nuum, rather than separate processes. There may
be two possible interpretations. First, an interpreta-
tion with wider implications is one that questions
the anticipated link between working memory and
creativity through the persistence pathway in
general, also for cognitive tasks. That is, although
some authors have indeed found evidence for

such a relationship in divergent thinking tasks (De
Dreu et al., 2012; Oberauer et al., 2008; Suss et al.,
2002), these findings have not been left undisputed
(Furley & Memmert, 2015; Lee & Therriault, 2013;
Takeuchi et al, 2011). A second, currently more
viable explanation, would be that even though
motor skills are normally executed implicitly, per-
forming new or unlearned skills requires a high
degree of conscious control and active involvement
of working memory (e.g. Abernethy, Maxwell,
Masters, van der Kamp, & Jackson, 2007; Beilock &
Carr, 2001; Masters, 1992). For instance, research
has shown that well-practiced motor skills remain
much more stable in the face of a cognitive dual
task than unpracticed motor skills. And despite the
fact that the motor dexterity of the current sport
student participants was above average relative to
the normal population, they were clearly not
experts on the agility ladder tasks. It is therefore
not unlikely that for the more uncommon modes
of locomotion or spatial displacements, they
needed to invest relatively high levels of conscious
control to perform the intended actions. Indeed, it
may be hypothesised that the associated high
working memory load may have adversely affected
the engagement of the persistence pathway.
Accordingly, establishing to what degree the level
of motor skill interacts with working memory in
finding original solution remains an important
avenue for further research.

To summarise, we tested the viability of the dual-
pathway model in motor creativity. Our study has
been the first to do so. In support of the model, a
broad focus of attention resulted in increased flex-
ibility on a divergent doing task. However, the jury
is still out, given that working memory load did
not influence persistence. In this respect, one pro-
mising avenue may be to make a more formal con-
ceptualisation based on the dynamical systems
approach is perhaps to consider focus of attention
and working memory capacity as control parameters
for creativity (Hristovski, Davids, Araujo, & Passos,
2011; Hristovski, Davids, Passos, & Araudjo, 2012).
For example, Hristovski et al. (2011) argue that the
manipulation of constraints can influence the likeli-
hood that a participant will vary either within one
category or between different categories, that is,
influence the extent to which the solution space is
explored. If the solution spaces for cognitive and
motor problems differ, then control parameters
may not be the same, or similar change in the
control parameter may have quite different effects
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on creativity (e.g. as in the cusp catastrophe model,
see Wimmers, Savelsbergh, van der Kamp, & Hartel-
man, 1998). However, the amount of formal model-
ling needed to genuinely evaluate the fruitfulness of
such a general approach to creativity is clearly
beyond the scope of this paper.

Future research should evaluate the mechanisms
and the interaction of cognitive and motor creativity
more in-depth, to refine theoretical models and
practical implications for many areas ranging from
everyday life situations to the workplace.

Note

1. The control group was just added on the recom-
mendation of one of the reviewers.

Disclosure statement

No potential conflict of interest was reported by the
authors.
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