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Approaches to foster motor creativity differ according to whether creative movements
are assumed to be enacted creative ideas, or solutions to emerging motor problems that
arise from task and environmental constraints. The twofold aim of the current study was
to investigate whether (1) an enriched physical education (PE) intervention delivered with
a joint constraints-led and cognitive stimulation approach fosters motor creativity, and
the responsiveness to the intervention is moderated by baseline motor and cognitive
skills and sex; (2) the intervention may benefit motor creativity through gains in motor
coordination, executive function, and creative thinking. Ninety-five children, aged 6–
9 years, participated in a 6-month group randomized trial with specialist-led enriched
PE vs. generalist-led conventional PE. Before and after the intervention, Bertsch’s
Test of Motor Creativity, Movement Assessment Battery for Children, Random Number
Generation task and Torrance Test of Creative Thinking were administered. Linear mixed
models were run accounting for the random effects of data clusters. Multiple mediation
analysis was performed to assess whether motor coordination, executive function and
creative thinking mediated any improvement of motor creativity. Results showed that (1)
specialist-led enriched PE, compared to generalist-led conventional practice, elicited a
more pronounced improvement in all motor creativity dimensions (fluency, flexibility, and
originality) independently of baseline levels of motor and cognitive skills and sex; and (2)
improved motor creativity was partially mediated by improved motor coordination and,
as regards motor flexibility, also by improved inhibitory ability. In conclusion, enriching
PE with tailored manipulations of constraints and variability may enhance the ability
to create multiple and original task-pertinent movements both directly and through
indirect paths. The results are discussed extending to motor creativity a theoretical
framework that distinguishes different creativity modes. The intervention may have
fostered the generation of creative movements directly through the exposure to variation
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in constraints, activating the sensorimotor ‘flow’ mode of creativity that bypasses higher-
order cognition, but also indirectly through a systematic and conscious convergence on
solutions, activating the ‘deliberate’ mode of creativity that relies on inhibition to reject
common or task-inappropriate movement categories.

Keywords: divergent movement, creative thinking, executive function, development, physical education,
constraints-led approach, cognitive stimulation

INTRODUCTION

Physical activity (PA) is increasingly acknowledged by exercise
scientists as an investment in human capital, with PA outcomes
framed as capitals in the physical, mental, and socio-emotional
domains (Bailey et al., 2013). Similarly, creativity researchers
point to the age of human capital we are living in and propose
that creativity is the currency of the modern era (Kell et al., 2013).
At the crossroad of these two perspectives on the role of physical
activity and creativity to build human capital lies the domain of
proficient and creative movement.

In the last decade, there has been a flourishing of research
suggesting the centrality of motor competence for children to
develop the full potential of their multifaceted capital (van der
Fels et al., 2015; Barnett et al., 2021; Pesce et al., 2021a). However,
within the ongoing debate on what is motor competence (Bardid
and Utesch, 2018) and how it should be assessed (Eddy et al.,
2020) and trained (Jiménez-Díaz et al., 2019), motor competence
is mostly conceived as proficient performance of fundamental
movement skills, such as running or throwing, and tested
by observing the reproduction of predefined movement skill
patterns or measuring their efficacy. Recent attempts to broaden
the scope of motor competence have proposed to shift the focus
from ‘fundamental’ to ‘foundational’ skills. They encompass also
‘non-fundamental’ movement skills considered important for
promoting PA (e.g., cycling; Hulteen et al., 2018), or a wider range
of variable skills that emerge through exploration and detection
of opportunities for action (Ng and Button, 2018) also referred to
as ‘functional’ movement solutions (Rudd et al., 2021a).

This shift from discrete fundamental movement skills
performed under stable conditions to multiple nested movement
skills performed in complex and fluid situations fits within
the broader framework of physical literacy. Beyond the usual
definition as the competence, confidence and knowledge to be
physically active for life, a recent overarching model highlights
the holistic nature of physical literacy and the reciprocal and
reinforcing relations of motor competence with knowledge,
motivational, affective and social processes that emerge from the
person-context interaction in various real life settings (Cairney
et al., 2019). Parallel to and partly driven by this extension of
the meaning of motor competence, motor creativity – the ability
to produce functional or expressive solutions to movement tasks
that are novel, original, and pertinent (Memmert, 2011) – and
related constructs, such as movement variability (Orth et al.,
2017; Pesce et al., 2019), adaptability (Richard et al., 2018b),
functional novelty (Hristovski et al., 2011) and exploration
(Stodden et al., 2021) – are gaining momentum. Nevertheless,
interventional evidence on how to foster it is limited.

Theory-based interventional research performed in sport and
gross-motor performance arts (such as dance) suggests that
motor creativity is sensitive to tailor-made intervention programs
in both adult skilled performers (e.g., Memmert, 2011; Torrents
et al., 2015) and children and adolescents (e.g., Rasmussen and
Østergaard, 2016; Santos et al., 2017; Thomaidou et al., 2021). In
early childhood education, movement-based creativity programs
have been employed to foster not so much motor creativity per
se, but creative thinking in the embodied and kinaesthetic way
that characterizes discovery learning and cognitive development
in the early years (Grammatikopoulos et al., 2012). In school-
aged children, evidence of benefits of motor creativity programs
in physical education (PE), though promising, mostly lacked a
theoretical base (Bournelli, 1998; Bournelli and Mountakis, 2008;
Chatoupis, 2013) with few exceptions (Richard et al., 2018a).

Richard et al. (2018a) compared the effects two PE programs
(conventional vs. creative) on multiple dimensions of motor
creativity and creative thinking. The creative motor program
included the same content of the conventional program but
was delivered according to non-linear pedagogical principles in
PE drawn from the Ecological Dynamics theory (Rudd et al.,
2021b). Non-linear pedagogy focuses on the interaction between
the learner and the environment that constrains their action
and is characterized by teaching strategies that exploit functional
movement variability. This differs from teaching with linear
pedagogy, which relies on repeated, model-oriented skill practice
(Rudd et al., 2021b). Richard et al. (2018a) found that the creative
motor program improved fluency and flexibility in moving, and
originality in thinking. To interpret the effect on originality in
thinking but not in moving, the authors suggested that children’s
motor experience and skills might have been insufficient to
translate increased original ideas into original movements, or
their cognitive control insufficient to suppress the tendency
toward performing more common movements.

Evidence on the relation between motor creativity and motor
coordination development in children is mixed, showing either
a positive association (Milić, 2014; Santos and Monteiro, 2021),
or no association (Scibinetti et al., 2011; Marinšek and Lukman,
2021). Also the role of cognition in children’s motor creativity
is an open issue. On the one side, creative movements are
hypothesized to be enacted creative ideas. This hypothesis is
consistent with cross-sectional associations between creative
thinking and creative sport performance (Santos et al., 2017;
Santos and Monteiro, 2021) and underlies the suggestion that
designed PA programs may foster motor creativity in children
through the development of divergent cognitive processes
(Bournelli and Mountakis, 2008). On the other side, creative
solutions to motor problems are suggested to arise from
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FIGURE 1 | Study flow diagram for the class-randomized controlled trial.

task and environmental constraints without any abstract rule
representation of the emerging creative behavior (Hristovski
et al., 2011; Orth et al., 2017). This view is supported by
evidence on working memory – a cognitive executive function
enabling to hold and update task-relevant information in mind,
which seems unrelated to the generation of creative movement
actions by children (Scibinetti et al., 2011) and adults (Furley
and Memmert, 2015; Moraru et al., 2016) but involved in the
divergent generation of creative thoughts (De Dreu et al., 2012).
Instead, inhibition – an executive function allowing to control
interference and suppress routine thoughts and behaviors –
seems related to the ability to produce original movements
(Scibinetti et al., 2011), whereas it is unclear whether inhibition

(Khalil et al., 2020) or disinhibition (Radel et al., 2015) is involved
in creative thinking.

The primary aim of this study was to verify whether a theory-
based enriched PE program, grounded on the constraints-led
approach and variability of practice (Tocci and Scibinetti, 2007;
Richard et al., 2018a; Pesce et al., 2019; Scibinetti, 2019) may aid
children’s motor creativity. We also verified whether children’s
responsiveness to the motor creativity intervention may be
enhanced in presence of a high baseline level of creative thinking,
as hypothesized by Richard et al. (2018a), or higher baseline levels
of motor coordination and executive function, and be different in
males and females. Secondarily, we explored whether improved
motor coordination, executive function (particularly inhibition)
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and creative thinking mediate improvements in motor creativity
dimensions. We hypothesized two potential paths (Dietrich,
2019). On the one hand, the manipulation of constraints
might lead to creative perception-action couplings, relying on
motor coordination and bypassing higher-order cognition and
consciousness. On the other hand, enhanced inhibition might
support a deliberate mode of creativity (Dietrich, 2019) and
convergent creative processes (Zhang et al., 2020), allowing
to converge on creative solutions by refraining from more
common ones. Inhibition is a multifaceted construct as early as
childhood (Huizinga et al., 2006). We targeted a specific facet
of the inhibition construct – cognitive inhibition (Diamond and
Ling, 2020), which is the ability to inhibit routine thoughts
and memories and seems related to motor creativity (Scibinetti
et al., 2011). We hypothesized that if creative motor behaviors
are enacted ideas, then cognitive inhibition may help suppress
thinking routines that would not allow diverging from habitual
ideas and behaviors.

MATERIALS AND METHODS

The study is part of a broader longitudinal research program
approved by the Ethics Committee of the “Umberto I” hospital
of the First Rome University (Ref. No 2950) and authorized by
the school Committees and students’ parents, who gave written
informed consent. We did not seek child assent, as this study was
part of regular PE classes.

Study Design
In a class-randomized trial, eight classes were randomly assigned
to either an intervention of specialist-led enriched PE designed
to foster motor creativity or generalist-led conventional PE.
The participants were tested during the curricular school time
on primary motor creativity outcomes (fluency, flexibility,
originality in moving, and overall motor creativity) and
secondary outcomes potentially contributing to motor creativity
in the motor domain (motor coordination [evaluated as motor
impairment scores]: manual dexterity, aiming and catching skills,
balance, and overall motor impairment) and in the cognitive
domain (creative thinking: fluency, flexibility, originality in
thinking, and overall creative thinking; executive functions:
inhibition and working memory) at baseline and after 6-month
intervention, corresponding to the end of the school year. At
baseline, demographic information on age, sex (assigned at birth),
body weight and height, outdoor play and structured physical
activity/sport training was also collected.

Participants
Participants were 142 primary school children, recruited from
eight (1st to 4th grade) classes of two urban schools in the
municipality of Alba (in the Northern of Italy). Within each
school, one class for each school grade was stratified randomly
included in the study and the two participating schools were
randomly assigned to the intervention or control condition. The
regional and local PE coordinators invited school principals to
participate within the broader frame of a whole-child initiative

of PA promotion supported by a Public-Private-Partnership.
School principals and teachers were provided information on
the aim of the study and offered in-person presentation, and
principals were invited to provide written organizational consent.
Following school recruitment, a school liaison person from each
school (identified by the consenting school) was provided with a
plain language descriptions of the study and a consent form for
parents/guardians.

To collect data within the time constraints for test
administration posed by the participating schools and at the
same time limit the cluster effect of the class-based recruitment,
two-thirds of the 142 children were selected from each of the
eight classes with systematic random sampling, with cluster size
ranging from 10 to 16 children (M = 12 ± 2). Thus, the final
sample comprised 95 children aged 6–9 years (M = 7.8 ± 1.3).
The progress through the phases of enrolment, intervention
allocation, and final sample for data analysis is represented in
Figure 1. Children with certified neurodevelopmental and/or
mental health conditions (e.g., children diagnosed with mild
intellectual-relational disability or developmental learning
disorder) were excluded from within-class random sampling
to avoid too large deviations in the dataset. This applied to
two in the intervention classes and three in the control classes.
Further demographic characteristics such as socio-economic
status, considered sensitive information by the schools, could
not be assessed.

Intervention
Content and Delivery
The intervention was designed in a theory-based manner,
including key elements of two theoretical approaches grounded
on different assumptions, yet complementary for our purposes:
the constraints-led and the cognitive stimulation approach.
For this integration, we relied on emerging evidence on the
advantage of hybridizing pedagogical models that seems
best suited to promote outcomes in multiple domains,
overcoming the boundaries of single theoretical approaches
(González-Víllora et al., 2018).

According to the principles of the constraint-led approach,
the primary role of the teachers involved in the intervention
was not that of an instructor, who aims at modeling children’s
movement skills, but rather that of a facilitator of the interaction
of the learners with the environment through the purposeful
manipulation of environmental and task constraints. In line
with Orth et al.’s (2017) viewpoint, we designed a progressive
manipulation of the environmental and task constraints to
facilitate children’s exploration of both new coordination
solutions (i.e., different movement patterns, corresponding to
the flexibility dimension of creativity) and new control solutions
(i.e., different parametrizations of the same movement pattern,
contributing to the fluency dimension of creativity). As an
example of environmental constraints, obstacles of different
size/height may generate different affordances (i.e., opportunities
for action in the environment) for children to produce different
solutions to overcome the obstacles, either exploring new
coordination solutions (e.g., vaulting instead of jumping if the
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child may rely on adequate skills and the obstacle surface
allows vaulting supported by the hands), or exploring a new
control solution (e.g., changing some joint angles to jump
over a higher obstacle without substantially changing the jump
coordination). As regards task constraints, we adopted both
direct and indirect releasing (Hristovski et al., 2011). Directly
releasing constraints means using less stringent instructions that
increase the affordances that can satisfy constraints; indirectly
releasing means using more stringent instructions that, while
hindering more common solution pathways, direct the learners
in otherwise unexplored directions and promote the perception
and utilization of new affordances. As an example of indirect
releasing of task constraints, constraining the parts of the body
that can touch the floor while moving (e.g., supporting the body
on only one hand and one foot, or no feet, or neither hands
nor feet) leads children to explore new locomotor coordination
solutions beyond the common bipodalic ones.

Thus, our methodology embraced the viewpoint that a
constraints-led exploration may enhance the variability of
functional movement patterns and promote divergent movement
ability directly rather than through the enactment of an
antecedent creative idea (Orth et al., 2017), in line with a flow
mode of creativity that relies on sensorimotor coupling rather
than higher-level cognition (Dietrich, 2019). However, it has been
suggested that a creative act may not be the manifestation of
only one creativity mode, as we can also evaluate, select and
converge on creative solutions by means of a deliberate mode
of creativity that relies on top-down cognitive control (Dietrich,
2019). Thus, we complemented the constraints-led approach with
the cognitive stimulation approach. To operationalize in the
motor domain the stimulation of cognitive control processes,
we adopted principles of variability of practice applied in
motor learning with linear and non-linear pedagogies, as both
provide opportunities to generate cognitive engagement (Pesce
et al., 2019). Linear pedagogy relies on the classical theory of
motor learning stages that conceives learning as a progression
from an initial cognitive stage to a final autonomous stage
of maximal movement automaticity and minimal cognitive
engagement (Schmidt et al., 2011). Following Tomporowski et al.
(2010), teachers of the intervention classes introduced systematic
changes to the motor learning tasks to generate contextual
interference and new cognitive challenges, and keep children
‘on the learning curve.’ To foster the deliberate, cognitively
engaging mode of creativity, teachers also manipulated the time
constraints on the search for solutions and asked children to
select the rarest and most original ones within different time
frames. This was assumed to challenge cognitive inhibition,
which is the inhibition of routine thoughts and memories
(Diamond and Ling, 2020) and children’s awareness that we
tend to produce habitual movement actions if there is not
enough time to inhibit most common ideation solutions and
evaluate the originality of different emerging alternatives. These
principles were applied in designed PA games. Two sample
games with game alterations and task analysis to zoom into the
game demands are presented in Supplementary Data Sheet 1.
The first game (“Magnets and mechanisms”) is an example
of constraint-led approach and non-linear pedagogy to foster

the search for solutions to satisfy constraints with a focus on
cooperation and cooperative creativity, which are meaningful
goals of school education (Torrents et al., 2021a). The second
game (“A friend is a treasure”) is an example of hybridization
of pedagogical models. It is provided in two versions: the first
is targeted to cognitive stimulation through systematic variations
of coordinative demands applied with both linear and non-linear
pedagogy; the second version adds further manipulation of task
and time constraints along with teaching through questions to
foster awareness of the creative process.

Instead, generalist teachers of the control classes were
instructed to perform their ‘business as usual’. Within the Italian
primary education, PE lessons are traditionally conducted by
generalist and not specialist teachers. Generalists, though having
competence in student-centered pedagogy, during their formal
tertiary training do not receive specific training on how to use a
student-centered pedagogy concretely for delivering PE lessons.
Their scarce knowledge, competence and confidence in the
own PE teaching skills translates into ‘conventional’ PE lessons
characterized by mainly prescriptive tasks and teaching strategies
primarily driven by teachers’ safety concerns and control efforts,
rather than mastery-oriented strategies that require exploration
and a certain degree of risk-taking.

Setting, Duration, Blinding, and Fidelity
The intervention was performed in the gym or sports court of
the school during the curricular PE time for 1 h once a week,
as prescribed by school regulation, and lasted 6 months from
November to April with a total amount of 24 intervention hours
divided into four 6-week teaching modules. The teacher–child
ratio was about 1:18 in the control classes but was altered in the
intervention classes, where a specialist PE teacher delivered the
intervention in the presence of the generalist classroom teacher;
however, this latter did not actively participate to the PE delivery
except for a limited supportive role for individual children. Due
to the presence of the PE specialist, teacher and children could
not be blinded with respect to the assignment to generalist-led or
specialist-led PE but were blinded as to the expected outcomes.

To ensure implementation fidelity but also an adequate degree
of adaptability, PE specialists used a handbook, which describes
the pedagogical principles and the PA games designed to foster
motor creativity, with each game including several alterations
to help teachers adapt the games to their children’s skills and
needs (Pesce et al., 2016a). The teaching materials also included
sheets with tree diagrams to identify the task demands of
each game in different domains and how they were altered in
the game variations. Moreover, PE specialists underwent a 6-h
teacher training every 6 weeks and participated to regular group
discussions with the generalist teachers of their intervention
classes. These group discussions were aimed to align the contents
of each teaching module across classes and discuss teaching issues
arisen in the previous module, as well as to foster generalists’
learning of the enriched PE methodology for future application
after the end of the intervention. During training, PE specialists
were taught how to use the handbook and the tree diagram sheets
for task analysis, and how to create nuanced game variations
according to the pedagogical principles outlined in the handbook.
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No adverse events or side effects occurred in specialist-led
enriched or generalist-led conventional PE classes.

Assessment Instruments and
Procedures
Measurement tools were selected according to following criteria:
(1) evidence of validity and reliability; (2) space and time
requirements appropriate to ensure feasibility in the ecological
PE context. All tests were administered in the school setting
during the curricular school time. Detailed information on
assessment tasks, validity and reliability are reported with
reference to primary articles in Supplementary Data Sheet 2.

Primary Outcome: Motor Creativity
Children’s motor creativity was assessed with the Bertsch’s test
(1983). This test is composed of four tasks to be performed
individually, in randomized order on the floor, with a bench,
a hoop or a ball, respectively. These tasks are available in two
separate versions (form A and B) varying in the degrees of
freedom of the movement tasks, with form A providing no
specific performance modality and form B partially defining it.
For this study, we used the Bertsch’s test form B. During each
task, children’s motor behavior was video recorded. The tasks
lasted 2 min and 30 s (hoop and floor) or 3 min (ball and bench)
for a total test duration of about 20 min including the initial
instruction and breaks between tasks (for more information:
Bertsch, 1983; Scibinetti et al., 2011).

Motor Creativity Tasks
Floor. Two parallel lines delimited a 2.5-m2 area on the floor. The
verbal instruction was: “Your task is to move from one line to the
other. You are free to do anything you want between these two
lines. Show me all possible ways you know or that may come to
your mind to do that.”

Bench. A bench was located in the middle of a room, with two
hoops positioned at the two ends of the bench representing the
starting and arrival point. The verbal instruction was: “You have
to go from one hoop to the other and back, keeping a part of your
body always in contact with the bench.”

Hoop. Two parallel lines representing the starting and arrival
point were put at 3.5 m. The verbal instruction was: “Your task
is to move the hoop from one line to the other. You can let it go
on its own or take it with you. Show me anything you can do that
comes to mind.”

Ball. Children were situated in the middle of a 2.5-m2 square.
Their task was to use a ball to hit seven 1-m2 targets outside the
square and positioned on the wall, floor, and ceiling, one at a time.
The verbal instruction was: “You see all the targets around you.
Imagine they are glasses. Try to break them with this ball without
going out of your home (i.e., the square). What’s important is not
so much to break all the glasses but to try to break them every
time in a different way.”

Data Coding and Scoring
Motor behaviors were coded and scored by a blinded expert
investigator. A further blinded investigator independently coded

a subsample of motor behaviors and inconsistencies were solved
by consultation (inter-observer agreement rate > 80%). Data
coding consisted in assigning scores on three dimensions:
fluency, flexibility, and originality. Fluency was scored in terms
of the number of different behaviors displayed by the child during
each motor task. Flexibility and originality were coded and scored
based on Bertsch’s (1983) normative data. Flexibility was scored
referring to movement behavior categories identified by Bertsch
for each task (16 for the hoop and the ball tasks, 44 for the
bench task, and 36 for the floor task). Such categories summarize
motor behaviors as a function of body position, movement
direction and type. The flexibility score was the sum of movement
categories, identified as a function of body position, movement
direction and type, for which at least one behavior was observed,
categories with two or more observed behaviors being counted
only once. Originality was quantified assigning a score ranging
from 0 (low originality) to 3 (high originality) to each behavior
in each category based on the relative frequency of such behavior
in Bertsch’s normative sample. To obtain a total score for each
creativity dimension, scores for the four tasks were standardized
and averaged. Furthermore, a grand average of creative thinking
at pre and post-test was computed by merging the three creative
thinking variables.

Secondary Outcomes in the Motor Domain: Motor
Coordination
Children’s motor coordination was assessed individually with
the Italian version of the Movement Assessment Battery for
Children (M-ABC; Henderson and Sudgen, 1992). The more
recent version (M-ABC-2, Schulz et al., 2011) was not available
to the researchers. This test is composed of three subheadings:
manual dexterity (three tasks), aiming and catching skills (two
tasks), and static and dynamic balance (one and two tasks,
respectively), with the eight tasks differentiated in four age-
related difficulty levels (for more information: Henderson and
Sudgen, 1992; Croce et al., 2001).

Motor Coordination Tasks
Manual Dexterity. Based on children’s age, the first task was
‘posting coins,’ ‘placing pegs,’ or ‘shifting pegs by rows’: the second
task was ‘threading beads,’ ‘threading lace,’ or ‘threading nuts on
bolt’; and the third task was ‘bicycle trail’ or ‘flower trail.’

Aiming and Catching Skills. Based on children’s age, the first task
was ‘catching bean bag,’ ‘one-hand bounce and catch,’ or ‘two-
hand catch’; and the second task was ‘rolling ball into goal’ or
‘throwing bean bag into box.’

Static and Dynamic Balance. Based on children’s age, the task
evaluating static balance was ‘one-leg balance,’ ‘stork balance,’ or
‘one-board balance’; the first task evaluating dynamic balance
was ‘jumping over cord,’ ‘jumping in squares,’ or ‘hopping in
squares’; and the second one was ‘walking heels raised,’ ‘heel-to-
toe walking,’ or ‘ball balance.’

Data Coding and Scoring
For each of the three subheadings, data were transformed into
impairment scores of motor function according to age-related
normative data (Henderson and Sudgen, 1992). Then, the three
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scores were summed up to obtain a total impairment score,
indicating the extent to which a child falls below the level of
his/her age peers.

Secondary Outcomes in the Cognitive Domain:
Executive Function and Creative Thinking
Executive Function
Random Number Generation Task. In the Random Number
Generation (RNG) task, version validated for children aged
5 years and older (Towse and McIachlan, 1999), children were
tested individually and instructed to verbally generate a random
sequence of numbers between 1 and 10 to each beat of a 70-beat
sequence with an inter-beat interval of 1.5 seconds. They were
presented the RNG as a game involving numbers with a game-
like instruction. Both the omission of a number generation in
correspondence to one tone and the production of numbers < 1
or >10 were considered errors and discarded. The 70-number
generation sequence was preceded by an identical familiarization
trial. The whole test lasted about 6–8 min (for more information:
Towse and Neil, 1998; Towse and McIachlan, 1999).

Inhibition and Working Memory Indices Computation. The
randomness of the generated numbers was estimated by means
of 18 different indices (Towse and Neil, 1998). Six of them were
selected: three reflecting the ability to inhibit mental counting
routines [turning point index (TPI), adjacency score (Adj), runs
score (Runs)], and three the ability to update information held
in working memory [redundancy score (Red), coupon score
(Coupon), and mean repetition gap (MeanRG)]. All indices were
standardized (i.e., z-scores) and average indices of inhibition and
working memory were computed. Since high levels of TPI and
MeanRG, but low values of Adj, Runs, Red, and Coupon reflect
a good inhibition and working memory updating ability, Adj,
Runs, Red, and Coupon were reversed before averaging (for more
information see: Miyake et al., 2000; Audiffren et al., 2009).

Creative Thinking
The Italian version of the Torrance Test of Creative Thinking
(TTCT), Figural Form A (Torrance, 1988), designed for
individuals in kindergarten through graduate school and beyond,
was group administered. It consists of three timed pencil and
paper picture construction and completion activities lasting
10 min each with 1 min break between tasks for a total working
time of about 30 min (for more information: Torrance and Ball,
1984; Torrance, 1988; Cramond et al., 2005; Kim, 2006).

Creative Thinking Tasks.

Activity I: Picture Construction. Children had to construct a
picture using a darkened curve shape (jellybean or teardrop)
provided on a page as a stimulus to be integrated in the
picture construction.

Activity II: Picture Completion. Children had to use 10
incomplete figures to make a figure or object drawings to
the incomplete figures, avoiding usual and obvious completions.

Activitiy III: Parallel Lines. Children had to use 30 pairs of
straight lines drawn on three pages to make an original picture
out of each pair of lines.

Data Coding and Scoring. Torrance Test of Creative Thinking
pictures were coded and scored by a blinded expert investigator
based on three sub-scales of norm-referenced measures: fluency,
flexibility, and originality. A further blinded investigator
independently coded and scored a subsample of pictures (inter-
observer agreement rate > 80%). Fluency was scored by the
number of figural images produced by the child; flexibility by the
variety of categories of relevant responses; and originality by the
number of statistically infrequent responses based on normative
data (Torrance, 1988). Raw scores were converted into standard
scores to have comparable ranges for fluidity, flexibility, and
originality. Furthermore, a grand average of creative thinking at
pre and post-test was computed by merging the three creative
thinking variables.

Demographic Variables
At baseline, children’s body mass and height were measured
for body mass index (BMI, kg/m2) computation. Children’s
spontaneous play habits in outdoor environments were
estimated by means of the Children’s Outdoor Play assessment
questionnaire (Veitch et al., 2009; Italian validation: Pesce et al.,
2016b). Parents reported the number of days their child spent
at least 10 min playing in locations such as their yard at home,
a friend’s or neighbor’s yard, their street or court or footpath, a
park or playground in out-of-school hours on weekdays (eight
items on a five-point scale) and weekend days (eight items on a
six-point scale) during a typical week. Parents also answered few
questions regarding their children’s actual practice (e.g., number
of days/week, session duration) of after-school sports or any
other structured PA training (for more information: Veitch et al.,
2009; Pesce et al., 2016b).

Preliminary Analyses
Manipulation Checks
Manipulation checks were used to ensure that PE ‘enrichment’
in the intervention classes was operationalized by teachers with
teaching strategies that truly involved problem solving, guided
and divergent discovery, and cognitive challenges, and to evaluate
to what extent these qualitative delivery characteristics were
independent from or coupled with different levels of enjoyment.

Teaching Strategies
All intervention and control classes were video recorded during
a representative PE session for analysis of teaching behaviors.
The lesson was recorded at about midpoint of the intervention
period. To ensure representativeness, no indication was given
except that the lesson should not deviate from usual PE praxis
(e.g., it should not be devoted to the preparation of a special
sport-related or cultural event). The qualitative features were
categorized by two independent experienced raters as behavioral
categories of teaching strategies and quantified by means of
event sampling as percentage (%) of events for time unit (20 s).
A satisfactory inter-observer reliability (>80%) was reached. The
behavioral categories of teaching strategies used for the analysis
were (Rink, 2006): (1) Interactive teaching (instructional process
controlled by teacher); (2) peer teaching (reciprocal feedback
and evaluation by students); (3) cognitive strategies (teaching
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through questions, problem solving, guided, and divergent
discovery); (4) cooperative learning (achievement of meaningful
goals through teamwork).

Specialist PE teachers in the intervention classes exerted
control over the entire instructional process less frequently than
generalist teachers in the control classes (interactive teaching:
23% vs. 87% of events) and used teaching strategies in a more
differentiated way, shifting from themselves to the children
specific decisions/responsibilities along the instructional process
(Mosston and Ashworth, 2008). Expectedly, specialists frequently
used cognitive strategies (47%), mainly based on problem
solving with convergent and divergent discovery (45%), only
rarely used by generalists (3%). Specialists also used peer and
cooperative teaching (20 and 11%, respectively) more frequently
than generalists (10 and 0%, respectively).

Physical Activity Enjoyment
The PA Enjoyment Questionnaire (Di Cagno et al., 2006)
comprised six semantic differential items (e.g., anchored
by “pleased/unpleased,” and “enjoyed/bored”) with a 5-point
picture-based Likert scale evaluating whether the child enjoyed
the PA tasks composing the PE lesson. The specialist-led enriched
PE group showed a slightly higher average enjoyment score
than the generalist-led conventional PE group (M = 4.67 ± 0.41
vs. 4.28 ± 0.45), as emerged from the non-parametric Mann–
Whitney test applied to the negatively skewed data (U = 580,
n = 95, p < 0.001) (for more information: Di Cagno et al., 2006).

Design Effect
Since children in the intervention and control groups were
clustered in eight classes, with observations within each cluster
being not independent, the cluster design effect was computed
and used as a multiplier of sample size determined with a priori
power analysis. The design effect computation takes into account
that the variance of the mean computed from a clustered sample
is larger by a factor of [1 + (n − 1) ∗ ICC], modified to consider
differences in cluster size (i.e., number of children tested in each
class) as follows:

Cluster effect =
{

1+
[(

CV2
+ 1

)
× n− 1

]
× ICC

}
where n = number of children within each cluster,

CV = coefficient of variation for n and ICC = intraclass
correlation coefficient [σ2 between-cluster/(σ2 between-
cluster + σ2 within-cluster)]; Hedges and Hedberg, 2007).
Given the absence of ICC reference values for the primary
outcome of motor creativity and the low ICC reference values
available for the secondary outcomes (motor coordination and
executive function: 0.04 and 0.02, respectively; Aadland et al.,
2019), we used a conservative estimate of ICC recommended
in previous research on PA effects on children’s motor and
cognitive development (ICC = 0.15, Resaland et al., 2015).
With a mean cluster n = 11.87 (±1.88), a CV = 0.16 and the
conservatively assumed ICC = 0.15, the estimated cluster design
effect was 2.68. This design effect value was used as a multiplier
of sample size determined with a priori power analysis for
α = 0.05, β-1 = 0.80 and the minimal detectable effect size (ES [f,
i.e., η2

p/(1 − η2
p)]) = 0.26 for motor fluency and 0.23 for motor

flexibility according to Richard et al.’s (2018a) findings. The
estimated sample size to detect intervention effects on motor
fluency and flexibility was 86 and 102, respectively. Our sample
size (n = 95) was between these estimates.

RESULTS

Preliminary Analyses
Table 1 presents children’s demographics and background
characteristics, as well as pre- and post-intervention values
of primary and secondary outcome variables separately for
group and sex. Mahalanobis distance was computed to
identify multivariate outliers in the outcome variables used for
analysis. Two outliers were identified, with p of Mahalanobis
distance < 0.001. Main analyses were run both with and without
outliers. Since the pattern of results remained substantially
unchanged, the outliers were maintained.

Group Differences at Baseline
One-way ANOVAs with group as factor were performed on
demographic and PA variables (age, spontaneous outdoor play,
structured physical activity/sport training), primary outcome
variables (fluency, flexibility, and originality in moving) and
secondary outcome variables in the motor domain (motor
coordination [evaluated as motor impairment scores]: manual
dexterity, aiming and catching skills, static and dynamic balance)
and in the cognitive domain (executive function: inhibition
and working memory; creative thinking: fluency, flexibility,
originality in thinking). Group differences were found only in
working memory [F(1,93) = 4.22, p = 0.043, η2

p = 0.04] and
manual dexterity [F(1,93) = 85.52, p = 0.021, η2

p = 0.06], with the
intervention group showing a higher baseline working memory
performance and manual dexterity (i.e., lower impairment score)
as compared to the control group.

Correlations of Outcome Variables at Baseline
Spearman’s correlation coefficients computed to estimate the
level of association, at baseline, of motor creativity with the other
outcome variables (motor coordination, executive function, and
creative thinking) are reported in Table 2 for the entire sample
and separately for males and females. Results showed significant
weak to moderate correlations of all three dimensions of motor
creativity (fluency, flexibility, originality) with a majority of
dimensions of motor coordination and creative thinking, and
with inhibition but not working memory. Correlations were
overall stronger in males than females, only males showing
significant correlations of motor creativity with creative thinking
and inhibition. Sex differences in correlation were statistically
tested: they were significant only for manual dexterity with motor
fluency (z = 1.73, p = 0.042), and inhibition with motor fluency
(z =−1.78, p = 0.037) and flexibility (z =−1.91, p = 0.028).

Main Analyses
Analyses and Results of Intervention Effects
To test the hypothesis of intervention effects, we used linear
mixed models (LMM). Fixed effects were computed for group
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TABLE 1 | Demographics, spontaneous outdoor play and structured sports training, and pre- and post-intervention values of primary outcome variables (motor
creativity: fluency, flexibility, and originality in moving) and secondary outcome variables in the motor domain (motor coordination [evaluated as motor impairment scores]:
manual dexterity, aiming and catching skills and balance) and in the cognitive domain (executive function: inhibition and working memory; creative thinking: fluency,
flexibility, and originality in thinking) of 6–9 year-old children assigned to the specialist-led enriched or generalist-led conventional physical education (PE).

Group Specialist-led enriched PE Generalist-led conventional PE

N 46 49

Sex (n males/n females) 23/23 24/25

Age (years) Pre-intervention 7.7 ± 1.2 7.8 ± 1.4

Body mass index (BMI) § Pre-intervention 17.8 ± 2.9 18.0 ± 3.0

Lean [n (%)] 30 (65%) 35 (71%)

Overweight [n (%)] 16 (35%) 14 (29%)

Spontaneous outdoor play (score ± SD) Pre-intervention 33.6 ± 9.6 34.4 ± 10.8

Structured sports training (min/week ± SD) Pre-intervention 126 ± 95 126 ± 92

Motor creativity (std score ± SD) Males Females Males Females

Fluency Pre 0.05 ± 0.81 −0.31 ± 0.67 −0.18 ± 0.84 −0.32 ± 0.69

Post 0.51 ± 0.72 0.42 ± 0.54 −0.02 ± 0.72 −0.10 ± 0.73

Flexibility Pre 0.01 ± 0.74 −0.28 ± 0.61 −0.18 ± 0.82 −0.39 ± 0.65

Post 0.52 ± 0.75 0.42 ± 0.47 0.06 ± 0.74 −0.11 ± 0.64

Originality Pre 0.19 ± 0.74 −0.24 ± 0.60 −0.16 ± 0.84 −0.31 ± 0.54

Post 0.45 ± 0.77 0.35 ± 0.64 0.01 ± 0.72 0.24 ± 0.53

Motor coordination (impairment score ± SD) Males Females Males Females

Manual dexterity Pre 5.26 ± 3.43 5.07 ± 3.32 7.79 ± 3.70 5.81 ± 2.97

Post 3.72 ± 3.15 3.48 ± 3.02 4.95 ± 3.38 4.65 ± 3.51

Aiming/catching skills Pre 2.89 ± 2.66 3.61 ± 2.96 2.59 ± 2.67 3.23 ± 2.96

Post 0.57 ± 1.30 1.41 ± 2.25 1.70 ± 2.16 1.62 ± 2.39

Static/dynamic balance Pre 4.78 ± 3.56 2.26 ± 3.13 3.74 ± 2.94 3.06 ± 3.25

Post 1.41 ± 1.76 1.91 ± 3.56 1.99 ± 2.06 1.77 ± 2.05

Executive Function (std score ± SD) Males Females Males Females

Inhibition Pre −0.51 ± 0.99 −0.23 ± 1.11 −0.38 ± 1.04 0.07 ± 1.04

Post 0.42 ± 0.48 0.35 ± 0.69 0.26 ± 0.49 0.01 ± 0.78

Working memory Pre 0.22 ± 0.50 0.03 ± 1.08 −0.16 ± 0.93 −0.35 ± 0.84

Post −0.02 ± 0.70 0.09 ± 0.60 0.04 ± 0.49 0.18 ± 0.64

Creative thinking (score ± SD) Males Females Males Females

Fluency Pre 16.52 ± 8.69 19.16 ± 6.17 16.99 ± 5.82 20.31 ± 6.39

Post 21.13 ± 7.12 25.03 ± 7.66 22.32 ± 7.38 24.28 ± 6.13

Flexibility Pre 14.09 ± 7.01 14.57 ± 4.41 12.98 ± 4.67 16.49 ± 5.04

Post 17.74 ± 5.02 18.75 ± 5.36 15.60 ± 4.97 18.34 ± 4.06

Originality Pre 16.65 ± 9.85 16.62 ± 8.15 16.07 ± 7.80 20.61 ± 6.42

Post 24.13 ± 9.94 26.42 ± 9.66 21.05 ± 9.39 22.92 ± 8.24

§ Lean vs. overweight status based on age-referenced cut-off values of BMI (Cole et al., 2000).

(specialist-led enriched vs. generalist-led conventional PE),
time (pre vs. post) and their interactions. Separate LMM
were run on fluency, flexibility and originality in moving
and in thinking, on inhibition and working memory, and
on manual dexterity, aiming/catching skills and balance.
Random effects were computed to account for clustering of
children in classes. Age and baseline values of PA session
enjoyment, which resulted higher in the intervention group
(see Section “Group differences at baseline”) were included
as covariates.

To test the hypothesis that a higher baseline level of motor
coordination, executive function, or creative thinking might
influence the intervention effects on motor creativity, these four
variables were individually included as moderators in separate
runs in four further LMM that were run on motor creativity

variables (2 Groups× 2 Times× 2 Baseline Motor Coordination
or Inhibition or Working Memory or Creative Thinking). To
this aim, the grand averages of creative thinking and executive
function were dichotomized to obtain binary low vs. high level
variables, and the motor impairment scores were used to create,
according to M-ABC normative data, a binary variable of typical
vs. atypical (borderline movement problems or developmental
coordination disorder, DCD) motor development. Moreover,
considering some evidence of a higher motor originality of males
with the ball (Tocci et al., 2004) that fits with the consistent
evidence of males’ superiority in object-control skills (Barnett
et al., 2016), a fourth LMM was run adding the factor sex as a
moderator.

Planned pairwise comparisons (t-tests) were run in the
case of significant interactions and effect sizes (Cohen’s d)
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TABLE 2 | Correlations (Spearman’s Rho) at baseline of motor creativity with the other outcome variables in the motor (motor coordination) and cognitive domain
(executive function and creative thinking).

Baseline Motor coordination (impairment score) Executive function (std score) Creative thinking (score)

Motor creativity (std score) Manual dexterity Aiming/catching Static/dynamic Balance Inhibition Working memory Fluency Flexibility Originality

Fluency # #

Females −0.01 −0.33* −0.17 0.07 −0.12 0.09 0.21 0.15

Males −0.36* −0.47* −0.36* 0.42* −0.02 0.26 0.39* 0.41*

All −0.16 −0.40* −0.20* 0.22* −0.04 0.14 0.27* 0.27*

Flexibility #

Females −0.06 −0.35* −0.20 0.13 −0.10 0.02 0.14 0.15

Males −0.34* −0.56* −0.41 0.49* −0.03 0.29 0.42* 0.45*

All −0.18 −0.45* −0.23* 0.28* −0.02 0.13 0.27* 0.30*

Originality

Females −0.12 −0.37* −0.22 0.17 −0.15 0.05 0.13 0.10

Males −0.36* −0.52* −0.41* 0.40* 0.01 0.22 0.39* 0.41*

All −0.21* −0.43* −0.24* 0.26* −0.03 0.10 0.24* 0.25*

*Significant (p < 0.05); #significant difference in correlation between females and males.

were computed for significant pairwise differences. Bonferroni
correction was applied to account for three comparisons
(p < 0.016) in the post hoc analysis of two-way Group × Time
interactions (pre-post comparisons separately for the specialist-
led enriched and generalist-led conventional PE group and
between-groups comparison at post-test) and six comparisons
(p < 0.008) for three-way interactions with each additional
moderator.

Primary Motor Creativity Outcomes
For all three dimensions of motor creativity, there were a main
effect for Time [fluency: F(1,94) = 44.36, p < 0.001; flexibility:
F(1,95) = 55.62, p < 0.001; originality: F(1,95) = 25.41, p < 0.001]
and a significant Group × Time interaction (Table 3). Post
hoc comparisons showed a significant pre-to-post increment of
motor fluency and flexibility in both groups, more pronounced
in the specialist-led enriched PE group than in the generalist-
led conventional PE group, leading to a significant group
difference at post-test (Figures 2A,B). For originality, the pre-
to-post improvement was significant in the enriched PE group
only, leading to a significant group difference at post-test
(Figure 2C).

Adding to the model each of the dichotomous baseline motor
and cognitive variables in separate runs, main effects of these
variables emerged without the hypothesized significant three-way
interaction with Group and Time (p-values ≥ .245). The effect
of typical/atypical motor development at baseline was significant
for motor fluency [F(1,92) = 15.68, p < 0.001], flexibility
[F(1,93) = 12.58, p = 0.001], and originality [F(1,93) = 12.37,
p = 0.001]; typical motor development was associated with higher
motor fluency (difference in std. score between children with
typical/atypical motor development [1 z-score] = 0.52), higher
motor flexibility and originality (1 z scores: 0.44 and 0.43,
respectively). The effect of inhibition at baseline was significant
for motor flexibility [F(1,91) = 6.32, p = 0.014] and originality
[F(1,93) = 5.52, p = 0.021], but not for fluency (p = 0.143); higher
baseline inhibition was associated with higher motor flexibility

(1 z-score between children with low/high inhibition = 0.28) and
higher motor originality (1 z-score = 0.28). Working memory at
baseline did not affect motor fluency, flexibility, and originality
(p-values ≥ 0.443). The effect of creative thinking at baseline was
significant for motor fluency [F(1,83) = 8.53, p = 0.005], flexibility
[F(1,94) = 7.95, p = 0.006], and originality [F(1,94) = 8.70,
p = 0.004]; higher baseline creative thinking was associated with
higher motor fluency (1 z-score between children with low/high
creative thinking = 0.36), higher motor flexibility and originality
(1 z-scores = 0.32 and 0.34, respectively). The effect of sex
at baseline only approached significance for motor originality
(p = 0.066, with males tending to be generally more original
than females) but did not differentially influence the size of the
intervention effect in males and females. There was no significant
three-way Group × Time × Sex interaction for any of the motor
creativity dimensions (p-values ≥ 0.147).

Secondary Motor Coordination Outcomes
For manual dexterity, there were neither a main effect for Time
(p = 0.851), nor a significant Group × Time interaction. For
static and dynamic balance, there was only a main effect for Time
[F(1,95) = 7.40, p = 0.008], but no significant Group × Time
interaction. For aiming/catching skills, instead, there were both a
main effect for Time [F(1,95) = 10.64, p = 0.002] and a significant
Group × Time interaction (Table 3). Post hoc comparisons
showed a significant pre-to-post amelioration of aiming/catching
skills in both groups (Table 3), which was more pronounced in
the specialist-led enriched PE group than in the generalist-led
conventional PE group (1 impairment score =−2.26 vs.−1.24);
however, the two groups did not significantly differ at post-test
(Table 3).

Secondary Executive Function Outcomes
For inhibition, there were both a main effect for Time
[F(1,95) = 20.40, p < 0.001] and a significant Group × Time
interaction (Table 3). Post hoc comparisons showed that the pre-
to-post improvement was significant only in the specialist-led
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TABLE 3 | Results of main and post hoc analyses: group [specialist-led enriched PE intervention group, IG vs. generalist-led conventional control group, CG] × Time [pre
vs. post] interactions.

Group × Time F (df), p ICC t (df), p, Cohen’s d

IG pre vs. post CG pre vs. post IG vs. CG at post

Motor creativity
Fluency 10.59 (1,95), 0.002 0.15 −6.42 (45), <0.001, 0.69 −2.54 (48), 0.015, 0.03 3.78 (93), <0.001, 0.70

Flexibility 7.44 (1,95), 0.008 0.13 −7.42 (45), <0.001, 0.74 −3.20 (48), 0.002, 0.04 3.66 (93), <0.001, 0.72

Originality 7.70 (1,95), 0.007 0.19 −5.22 (45), <0.001, 0.58 n.s., 0.099 3.80 (93), <0.001, 0.62

Motor coordination
Manual dexterity n.s., 0.380 0.12

Balance n.s., 0.434 0.05

Aiming and catching 3.23 (1,95), 0.044 0.21 5.71 (45), <0.001, 0.95 4.00 (48), <0.001, 0.49 n.s., 0.116

Executive function

Inhibition 5.94 (1,95), 0.017 0.04 −4.44 (45), <0.001, 0.50 n.s., 0.080 n.s., 0.056

Working memory 5.75 (1,95), 0.018 0.02 n.s., 0.571 −2.51 (48), 0.016, 0.49 n.s., 0.546

Creative thinking

Fluency n.s., 0.354 0.13

Flexibility n.s., 0.061 0.17

Originality 6.60 (1,95), 0.012 0.19 −5.42 (45), <0.001, 0.13 −3.12 (48), 0.003, 0.04 n.s., 0.117

enriched PE group (Table 3; 1 z-score = 0.75). For working
memory, there was only a significant Group × Time interaction
(Table 3). Post hoc comparisons showed an improvement in
the conventional PE group (which approached significance
[p = 0.016] after applying the Bonferroni correction [adjusted
p < 0.016]) and no group difference at post-test because the
traditional PE group, being worse at baseline, merely caught up
over time (i.e., regression to the mean).

Secondary Creative Thinking Outcomes
For fluency and flexibility in thinking, there was a main effect
for Time [fluency: F(1,95) = 50.00, p < 0.001; flexibility:
F(1,95) = 34.41, p < 0.001] but no significant Group × Time
interaction (Table 3). For originality in thinking, instead, there
were both a main effect for Time [F(1,95) = 39.52, p < 0.001]
and a significant Group × Time interaction (Table 3). Post hoc
comparisons showed a significant pre-to-post amelioration of
originality in thinking in both groups, more pronounced in
the specialist-led enriched PE group than in the generalist-led
conventional PE group (1 originality score = 8.64 vs. 3.61);
however, the two groups did not significantly differ at post-test
(Table 3).

Analyses and Results of Mediating Mechanisms
In the case of enriched PE effects on both motor creativity
and other motor and cognitive skills that might mediate them,
multiple mediation analyses were performed with PROCESS
macro for SPSS (Hayes, 2013). Specifically, regression analyses
were performed on pre-, post-intervention, and pre-post delta
data to assess the effects of: (1) the independent variable (X:
PE intervention type) on the dependent variable (Y: individual
motor creativity dimensions); (2) the independent variable on
each mediator (M: total motor impairment, inhibition, working
memory, total creative thinking); (3) the independent variable
(X) and the potential mediators (M) on the dependent variable
(Y). The potential mediators were entered simultaneously in the

regression equation to include the covariances among them and
the independent variable and verify whether their introduction
(i.e., total indirect effect of X on Y through Ms) reduced the direct
effect of the PE intervention on the motor creativity dimensions.
Bootstrapping was applied to empirically estimate the sampling
distribution of the indirect effect and generate 95% confidence
intervals (CI).

Results showed that the difference in post-intervention
improvement of motor fluency, flexibility, and originality
between children who participated in the specialist-led
enriched or generalist-led conventional PE was partially
mediated by the extent to which children ameliorated their
total motor coordination (i.e., diminished their total motor
impairment score; Figures 3A–C). Only the group difference
in post-intervention improvement of motor flexibility was
also partially mediated by the extent to which children
ameliorated their inhibitory ability (Figure 3B). The path
linking Inhibition to Flexibility (panel ‘b’) reached significance
after removal of the two non-significant mediators (working
memory and creative thinking) from the model (see note
of Figure 3). Significant mediation results are indicated
by the 95% CI of bootstrap estimates of the indirect
effect, which did not include the zero value. The same
mediation models applied to pre-intervention and to pre-
post delta values did not yield any significant mediation
result.

DISCUSSION

The primary aim of this study was to verify the efficacy
of an enriched PE intervention that integrates two different
yet complementary theoretical approaches – the constraints-
led (Tocci and Scibinetti, 2007; Orth et al., 2017; Scibinetti,
2019; Torrents et al., 2021b) and the cognitive stimulation
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FIGURE 2 | Motor creativity [fluency – panel (A); flexibility – (B); originality –
(C)] assessed with Bertsch’s test of motor creativity before (pre) and after
(post) a specialist-led (S-led) enriched PE intervention or generalist-led (G-led)
conventional PE. ∗p < 0.016 (adjusted for three comparisons).

approach (Tomporowski et al., 2015b; Pesce et al., 2019). The
specialist-led enriched PE program, as compared to generalist-
led conventional PE, led to more pronounced improvements
and higher post-intervention values of motor creativity in
all its dimensions, but benefited creative thinking limitedly
to its originality dimension. The improvement in motor
creativity was not influenced (moderated) by the baseline
level of its potential motor and cognitive prerequisites (motor
coordination, executive function, and creative thinking) or by
sex, but was partially explained (mediated) by improved motor
coordination, suggesting that the enriched PE fostered the

ability to use improved motor skills to explore the solution
space. Moreover, the improved flexibility in moving was jointly
explained by motor coordination and cognitive inhibition,
suggesting that this latter may prevent from routine thoughts
and actions and allow to exploit environmental affordances
and motor skills for expanding the solution space to different
movement categories.

Evidence on motor creativity promotion is at the core of the
motor competence discourse in its broadest meaning and of
those interventional strategies that involve a tailored exploration
of movement opportunities in the person-context interaction
(Stodden et al., 2021). An optimal frame for this discourse is
that of physical literacy. Indeed, the notion of engaging ‘positive
challenges’ in the exploration of opportunities for action is
common to both physical literacy and motor creativity (Jefferies,
2020). Creative problem solving and decision making exercised
in PA and sport when coping with movement challenges under
varying constraints is proposed to contribute to the development
of motor creativity and physical literacy (Rudd et al., 2020), which
in turn may lead to positive physical, mental and social health
outcomes (Cairney et al., 2019).

Enriched Physical Education Enhances
Creativity in Moving and Originality in
Thinking
The primary finding of improved ability to discover many
different motor solutions (fluency, Figure 2A) and to
make a differentiated and flexible use of various movement
categories (flexibility, Figure 2B) to deal with open-ended
tasks corroborates previous findings of studies that employed
a constraint-led approach and divergent discovery teaching
(Chatoupis, 2013; Richard et al., 2018a). Nevertheless, Richard
et al.’s (2018a) data presented baseline differences and a pattern
of pre-to-post change that could include in the expected
intervention effect also a regression to mean (for fluency)
or a ceiling effect (for flexibility). Our results reinforce more
univocally the interpretation of the differential pattern of pre-to-
post change between groups in terms of intervention effect, as we
found similar motor creativity gains as Richard et al. (2018a) but
without differences at pre-test and with significant differences in
favor of the specialist-led enriched PE group at post-test.

Thus, the manipulation of constraints seems a viable way
to release degrees of freedom and capitalize on movement
variability to produce multiple and diversified movement
solution. According to Hristovski et al. (2011), we alternated
less and more stringent constraints that hinder common routes
and orient the discovery of new affordances. Counterintuitively,
constraints may foster the emergence of multiple, diversified and
original solutions that are pertinent to solve a motor problem
at hand (Torrents et al., 2021b). This apparent paradox of
‘constraining to release degrees of freedom’ in motor behavior
is discussed from an Ecological Dynamics perspective and
insightfully depicted with the quotation of the Russian composer
Igor Stravinsky (The poetics of music) we wish to echo (Torrents
et al., 2021b, p. 340): “My freedom will be so much the greater and
more meaningful the more narrowly I limit my field of action and
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FIGURE 3 | Multiple mediation model: effects of PE group (‘X’: specialist-led [S-led] enriched vs. generalist-led [G-led] conventional) on post-intervention motor
creativity [Y: fluency – panel (A); flexibility – (B); originality – (C)] mediated by post-intervention level of motor coordination (all motor creativity dimensions) and of
inhibitory ability (flexibility only). a, b, c: regression coefficients with (SE), p and CI (95%) values. c: total effect; a1*b1, a2*b2, a3*b3, a4*b4: indirect effects; c′: direct
effect after accounting for mediators. R2 values with/(without) mediators and bootstrap CI (95%) for indirect effects are also reported. Solid lines: significant paths;
dotted lines: non-significant paths. Note. Panel ‘b’: the path linking Inhibition to Flexibility reached significance (b2 = .22(.11), p = .037; CI (95%) = .01; .44) after
removing the two non-significant mediators from the model. CI of bootstrap estimates of the indirect effect of Group on Flexibility through Inhibition: .01; .19).
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the more I surround myself with obstacles. Whatever diminishes
constraint diminishes strength. The more constraints one imposes,
the more one frees one’s self of the chains that shackle the spirit.”

In our study, manipulation checks provided a supportive
‘quantification’ of the fidelity of the qualitative characteristics
of the intervention in terms of teaching strategies (Rink, 2006).
Children in the specialist-led enriched PE classes experienced
problem solving with convergent and divergent discovery
much more often than children in generalist-led conventional
PE classes. Discovery learning strategies are inherent in the
constraints-led approach, though not overlapping with it, as they
are rooted in different pedagogical theories. Both motor creativity
programs focused on the manipulation of constraints (Richard
et al., 2018a) or on divergent discovery teaching strategies
(Chatoupis, 2013) were able to foster fluency and flexibility in
moving similar to the benefits obtained in the present study.

Our findings also confirmed those by Richard et al. (2018a)
in relation to creative thinking, showing an intervention benefit
only for the dimension of originality in thinking. Since the
children in the intervention group of Richard et al.’s (2018a)
study exhibited a high baseline level of fluency and flexibility
in thinking, the authors speculatively hypothesized that this
might have enabled them to exploit the stimuli provided by
the enriched PE intervention to improve motor creativity. We
tested this hypothesis and did not find support for a moderating
role of baseline creative thinking level, nor of other potential
cognitive and motor prerequisites of motor creativity. We found
that being less or more creative in thinking, less or more
able to inhibit routine thoughts, being with typical or atypical
motor development are features associated with children’s motor
creativity, but do not impact their ability to respond to motor
creativity training. Consistent with previous developmental and
adult research on motor and sports creativity (Scibinetti et al.,
2011; Furley and Memmert, 2015; Moraru et al., 2016), we found
working memory being unrelated to motor creativity.

The gain in original thinking in the present study was
paralleled by improved originality in moving (Figure 2C). This
might be attributable to the fact that we adopted principles of
variability of practice, applied with both linear and non-linear
pedagogies that have been proposed to stimulate both thinking
and motor skills (Pesce et al., 2019), thus contributing to the
increased ability to think originally and perform fluent, flexible
and original movements. The beneficial effect on originality
may also be due to the manipulation of the time constraints
on the search for solutions. From an Ecological Dynamics
perspective, constraints act at different time scales, with the
selected affordance being the temporarily most attractive one
(Torrents et al., 2021b). Extending the time frame available
to produce new motor solutions under given task constraints
may have enhanced the probability that other less immediate
affordances could be selected and more original sensorimotor
solutions be produced with a flow mode of creativity (Dietrich,
2019). From a cognitive perspective, extending the time frame
of the creative search may have allowed for comparatively slow
strategic planning (Tomporowski et al., 2015a). This, rather than
rapid online processing, is likely needed for preparing to solve
motor problems, evaluate the originality of emerging alternatives

and then monitor the progress toward a specific goal with a
deliberate mode of creativity (Dietrich, 2019).

Enriched Physical Education Effects on
Motor Creativity: Direct and Mediated
Paths
The mediation analysis provided some evidence on whether
motor coordination and inhibition, as hypothesized by Richard
et al. (2018a), and divergent creative thinking, as hypothesized by
Bournelli and Mountakis (2008), are mechanisms that underlie
the efficacy of motor creativity training programs. Although the
specialist-led enriched PE caused significantly larger gains than
generalist-led conventional PE in inhibition and in some facets
of motor coordination and creative thinking, the extent to which
these motor and cognitive skills improved did not explain the
gains in motor fluency, flexibility, and originality, as indicated by
the absence of a mediation path between pre-post delta scores. In
the ecological school context, several influential and co-varying
factors may have impeded to detect significant relations between
intervention-related gains. Mediating mechanisms were found
after the intervention, but not before it. Thus, whatever the
size of the intervention-related gains, the enriched PE seems
to align motor creativity to the level of specific prerequisites,
likely rendering children capable to capitalize on these latter for
moving creatively.

The hypothesis on the role of motor coordination was
confirmed, as it partially explained the improved fluency,
flexibility, and originality in moving after the intervention
(Figures 3A–C). This suggests that children exposed to the
enriched PE were able to use improved motor skills (or less
impaired motor skills for those with atypical motor development
at baseline) to explore and produce multiple, diversified and
original movement solutions. Indeed, one of the cornerstones
of the enriched PE was that the motor skills learnt were not
conceived as the endpoint of learning but as new tools to extend,
with non-linear pedagogy, the range of opportunities to explore
and find new solutions (Adolph and Hoch, 2019). The constraints
were manipulated to balance the extent to which the solution
space was explored and the likelihood that children would vary
either between different coordination categories or within one
category (Hristovski et al., 2011).

Our results did not support the hypothesis of a mediating
mechanism by creative thinking for any dimension of motor
creativity. This fits with the emerging view that creative actions
may not be the enactment of previously generated creative
ideas, but are rather prompted by the affordances in the
environment and their purposeful manipulation (Orth et al.,
2017). This view has large similarity with Dietrich’s definition
of flow mode of creativity, whose essence is proposed to be
the perception-action coupling without any conscious control
and creative thinking effort. In Dietrich’s words (2019, p. 4),
“The importance of a skilled movement sequence as a defining
feature of the flow mode (of processing in creativity) cannot
be overstated,” as the motor system is deeply involved in
creative thinking (Matheson and Kenett, 2020). To become
fluent and original in moving, children seem not to require
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an enhanced efficiency of those cognitive processes that allow
them to think out of the box. Rather, their ability to detect
and exploit affordances, likely fostered by PE enrichment, may
have translated into an ability to explore the ‘infinity’ within
the box, that is, the variability potential of alternative ways to
control a same coordination, without necessarily switching to
new movement categories.

Instead, the improved ability to switch between movement
coordination categories (i.e., motor flexibility) observed after
the intervention was jointly explained by motor proficiency
and inhibition (Figure 3B). The role of inhibition, which at
a first sight seems to ground motor creativity in a cognitive
framework has instead the potential to bridge the arguments on
the emergence of motor creativity provided in the framework
of Ecological Dynamics. Its non-linear pedagogical approach
is assumed to facilitate the emergence of new functional
patterns of motor coordination and control, because it maintains
the perceptual-motor system in a region between stability
and instability (meta-stable region; Hristovski et al., 2011;
Torrents et al., 2021b). Speculatively, the ability to inhibit
well-learnt, more common and therefore stable coordination
patterns might help maintain the perceptual-motor system in
this region of temporarily stable motor solutions which emerge
based on actually selected affordances. Later on along the
creative process, inhibition might come into play to enable
a deliberate mode of processing and selection of creative
behaviors (Cheng et al., 2016). Therefore, not inhibition per
se, but an adaptive engagement of inhibition may matter
(Benedek et al., 2012).

Limitations
This study is not without limitations. Teachers and children
could not be blinded; the higher session enjoyment in the
enriched PE group might have been coupled with a tendency
toward higher engagement. Nevertheless, adding the enjoyment
as a covariate to the analysis did not alter the pattern
of intervention effects. The intervention outcomes cannot
be univocally attributed to the features of the enriched PE
intervention, since this latter was delivered by specialists whereas
the conventional PE was delivered by generalist classroom
teachers. However, the qualitative analysis of teaching behaviors
suggested the fidelity of the specialists’ teaching strategies to
the targeted type of intervention and its likely contribution to
the observed benefits. Moreover, the present study may have
been underpowered to detect whether males and females are
differently responsive to motor creativity interventions. Since
evidence on sex differences in children’s motor creativity is
scarce and mixed (Tocci et al., 2004; Ouhassine et al., 2020),
future studies are warranted. A further limitation regards the
low generalizability to school contexts in countries, which
have jurisdictions with PE specialist teachers in every primary
school. Furthermore, this study did not assess maintenance of
the obtained improvements. Although a mediating role of the
overall motor impairment score was found, the discriminative
power of the M-ABC as a measure of motor coordination in
children without DCD was suboptimal, as this tool is better
suited to detect differences between typical and atypical motor

development. The absence of mediating effects by working
memory and those of inhibition being limited to only one facet
of motor creativity might depend on the fact that executive
functions were investigated with a task that taps them in
decontextualized and affectively neutral conditions (i.e., ‘cool’
executive function) not comparable to an emotionally laden
creative process in the motor domain. This raises the issue of
how valid is, from an ecological perspective, a narrowly framed
measurement of cognitive functions that consistently exhibit
a narrow transfer (Kassai et al., 2019) to detect the multi-
domain effects of holistic and hybridized pedagogical models
(González-Víllora et al., 2018).

Conclusions: Giving Ideas Some Legs or
Legs Some Ideas?
The title provocatively asked whether children exposed to
enriched PA learn how to give their ideas some legs, or how
to give their legs some ideas. ‘Giving ideas some legs’ means
‘embodying’ creative ideas in pertinent and meaningful actions;
‘giving legs some ideas’ means, conversely, ‘enactive’ creativity
that emerges through the intertwined processes of perceiving
and acting (Malinin, 2019). Our study has mainly provided
evidence in favor of enactive creativity promoted by the exposure
to variation in constraints and supported by improved motor
coordination (i.e., the sensorimotor ‘flow’ mode of creativity),
but also some nuanced indication in support of embodied
creativity through cognitive inhibition that likely enables to reject
common or task-inappropriate movement categories and select
novel ones (i.e., the ‘deliberate’ mode of creativity). This limited
evidence for an involvement of ‘cool’ executive functions calls
for research that assesses the role of ‘hot’ executive functions
with affective aspects as those related to risk taking in decision
making (Zelazo and Carlson, 2012). Cognitive functions that
contribute to motion with e-motion may better reflect the
motivational salience of the motor creativity context (Rudd
et al., 2020) and are inherent in a recent overarching model of
how enriched PA may enhance the creative potential (Richard
et al., 2021). The need to address the salience of the context
and the physical, cognitive, emotional and social facets of PA
enrichment is emerging in movement sciences also in the first
systematic attempt to identify contextualized mechanisms acting
in the physical activity-cognition relation (Pesce et al., 2021b).
These intriguing convergences may inspire future research that
empirically develops at the intersection of ecological approaches
to creativity, cognitive and movement sciences.
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