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Abstract

Objectives: This study examined how learning a darfmreography with different teaching
pedagogies and different cognitive challenge infliggl the development of working memory
capacity and motor competence in primary schodticm.

Design: Randomised-controlled trial

Methods: Eighty primary school children (8.8 + §ears old; 61% females) were recruited
and randomly assigned to two experimental grouasigh-cognitive and a low-cognitive
group — and a control group. The two experimentaiigs practiced dance for 7 weeks, twice
a week, learning a choreography, while the corgroup participated in the school standard
PE curriculum. In the high-cognitive group, the dateachers limited visual demonstrations
and encouraged children to memorise and recall mewésequences to increase the
cognitive challenge.

Results: While the pre- to post-test improvemerdsndt statistically differ between
experimental groups, the analysis showed thatitfte dognitive group statistically improved
their working memory capacity (p < 0.01; d = 0.5&hile the low-cognitive (p = 0.04; d =
0.48) and control groups did not (p = 0.32; d =/Q.. All three groups improved their motor
competence from pre- to post-test, and there vgagn#ficant group*time effect (p < 0.01,
npzz 0.13) with the high-cognitive group showing largaprovement than the control.
Conclusions: The results of this study provideahgupport that dance practice coupled with
a high cognitive challenge could improve workingmaey capacity and motor competence
in children; however, the difference between growps not statistically significant, and

future research is necessary to examine the geragiah of this finding.

Keywords:. physical education, skill acquisition, executiuaction, cognition, movement

skills, exercise
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It is a well-established view that a child’'s cogret development determines their future
health and wellbeing (Hair, Hanson, Wolfe, & Poll&015; Hofer & Clouston, 2014). A
particular area of focus in early childhood is ttevelopment of executive function as this
has been found to be a better predictor of acadaohi@vement than 1Q and socio-economic
status (Anderson, Anderson, Northam, Jacobs, &opp#r, 2001; Diamond & Ling, 2016).
Executive function is an umbrella term for cogretigrocesses underlying the organisation
and control of goal-directed behaviour (Diamondl 20 The development of these functions
is critical for children to reach their full potéat Core executive function includes three
types of brain function: working memory (mental Wwospace), inhibitory control
(overcoming pre-potent responses) and cognitivelfiity (shifting of attention) (Diamond,
2013). This article primarily focuses on working may, which refers to the holding of
information in mind and mentally working with it wWé other cognitive tasks are being
performed (Diamond, 2013). Working memory is esséior making sense of things that
unfold over time and has been found to be the gasinpredictor of academic achievement,
and low working memory capacity is associated \pitorer performance at school (Alloway
& Alloway, 2010). Therefore, designing suitablertrag interventions that improve working
memory capacity in children is advantageous foldebin’'s development and, consequently,
society.

Physical exercise may be an effective strategynorove working memory capacity
in children (de Greeff, Bosker, Oosterlaan, Visscl&e Hartman, 2017; Diamond & Lee,
2011; Ludyga, Gerber, Brand, Holsboer-TrachslerP&hse, 2016; Tomporowski, Davis,
Miller, & Naglieri, 2008). In this context, rese&arrs have recently called for a shift from the
longstanding quantitative approach, which primaribcuses on exercise volume, to a

gualitative approach, whereby physical exerciselinas cognitive and motor challenges, to
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further promote the development of working memddyatnond & Ling, 2016; Moreau &
Conway, 2013; Pesce, 2012). Embodied cognitionchvicbntends that body and mind are
interrelated and body actions strengthen movemerhony and planning, underpins this
gualitative approach (for details see Mavilidi et 2018; Moreau, 2016). Specifically,
Moreau and Conway (2014) suggested integrating todtp, diversity, and novelty in the
design of training interventions to maximise workimemory gains and transfer to everyday
tasks. This integration can be best achieved bygudieg training tasks that focus on
mastering a skill while combining cognitive and orothallenges, such as performing a sport
skill or playing music (Tomporowski & Pesce, 201Bar instance, freestyle wrestling with
increasing cognitive and motor demands has beemwrstio improve working memory
capacity to a greater extent than aerobic exeemsecomputerised working memory training
in an 8-week randomised controlled trial in ad@iMreau, Morrison, & Conway, 2015). In
support of this, numerous systematic reviews anthiaealyses provide evidence for the
increased benefits of the qualitative approachdfoeview see Tomporowski & Pesce, 2019).
Critical elements for the success of a trainingerveéntion in improving working
memory are the selection of an appropriate actithigt combines cognitive and motor
challenges and the modulation of cognitive chaketifgoughout the intervention (Pesce et
al., 2013). Previous studies have adopted diffeaeht/ities and tasks to improve working
memory capacity in children, such as taekwondo €kakt al., 2013), enriched Physical
Education (PE) with cognitively demanding taskss@eeet al., 2016), and team games
(Schmidt, Jager, Egger, Roebers, & Conzelmann, )20E6r example, children who
participated in taekwondo lessons that focusseteadmique showed larger improvement in
working memory capacity than children who partitgohin traditional PE classes (Lakes et
al., 2013). While this line of research provideslipninary evidence of the effectiveness of

complex and challenging activities on improvingldfen’s working memory capacity, one
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issue that remains relatively unexplored and regufurther investigation is how teaching
pedagogy influences and can promote the developroénvorking memory capacity.
Researchers recognise the importance of teachidggpgy in modulating a task challenge
and, therefore, are urging research to addressk#ysissue (Diamond & Ling, 2016;
Tomporowski & Pesce, 2019).

Dance may be an effective strategy to engage wgrkiemory in children, and it
provides a suitable context to examine how teaclpadagogy can be implemented to
promote working memory capacity enhancement (Bals&alasters, 2018). Dance not only
combines movement and cognitive challenges as npeefs are required to memorise and
perform complex whole-body movement sequencedsat provides a continuous stream of
sensorimotor and rhythmic stimuli, it facilitatescgl skill as it is typically performed in
groups, and it incorporates emotional elementsa(éolal., 2013; Merom et al., 2013). The
integration of all these elements has been argodddilitate the development of working
memory capacity (for an extensive review see Diain®rbing, in press). While research has
shown promising results in adult and elderly popokes (Norouzi et al., 2019; Predovan,
Julien, Esmail, & Bherer, 2019), it is currentlyclear how dance influences cognition in
children. For example, van den Berg, Saliasi, deoGrChinapaw, and Singh (2019) did not
show any benefit of practicing dance 10 minutesa for 9 weeks on children’s cognition
(probably, dance duration was too short). Neveedgl dance provides the opportunity to
modulate cognitive and movement challenge in aroléggcal’ manner, whereby the
challenge can be increased without disrupting yipecél perception and action coupling of
dance, thus maintaining the characteristics of dahearning a dance choreography (i.e., a
sequence of movements) requires performers to meenorovement sequences and recall

those sequences during practice, largely involwgyking memory (Cortese & Rossi-
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Arnaud, 2010), and a teacher can modulate cognitnadlenge by manipulating the amount
of movement sequences that children have to meejoasall, and perform.

In skill acquisition, a teacher’'s verbal instrucgoand visual demonstrations are
critical components of the learning process as fhreyide information on the skill to learn,
and different strategies can be adopted to proni@dearning process (Davids, Button, &
Bennett, 2008; Magill, 2011; Wulf & Shea, 2002).eTink between a teacher’s instructions
and working memory is well known, as an individgalorking memory is involved when a
teacher provides instructions and demonstrationsé¢othe presented information to plan and
execute a movement (Buszard et al., 2017; Liao &thfa, 2001; Maxwell, Masters, & Eves,
2003). Therefore, manipulating a teacher’s stratagy providing instructions and
demonstrations would directly impact the challepngechildren’s working memory capacity
during a skill learning training. Applied to leangi a dance choreography whereby children
need to memorise and recall movement sequenceshetsa can provide continuous
demonstrations and continuously guide children’s veneent, or they can limit
demonstrations and encourage children to recallemewnt sequences. The latter strategy
would place a higher cognitive challenge than tbemér as children need to store
information into working memory and recall movemesgquences when executing a
choreography, while children that continuously dull the teacher are not encouraged to
memorise and recall sequences. In summary, dangebma suitable activity to combine
cognitive and motor challenge and in turn improveking memory capacity in children, and
a teacher can modulate the challenge via the miaiga of instructions and demonstrations.
However, due to the limited number of studies itusrently unclear how dance can augment
the development of working memory capacity (Menglet2019), and it is unexplored how
different teaching pedagogies — instructions andhatestrations — influence children’s

development of working memory capacity.
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The aim of this study was to examine how a dancecclum with different level of
cognitive challenge, induced by different teachpeglagogy, influences the development of
working memory capacity in children. Primary schabildren were recruited and divided
into three groups: two experimental groups — higgnitive and low cognitive challenge —
that participated in a 7-week dance program anon&ral group that participated in standard
PE curriculum. Based on recent findings on the@sercognition relation (Diamond & Ling,
in press; Tomporowski & Pesce, 2019), it was hypsiged that both experimental groups
would improve working memory capacity with respeztthe control group, and, based on
Moreau et al. (2015) work, that the high-cognity®up would enhance working memory
capacity to a higher extent than the low-cognitgreup. Secondly, this study aimed at
examining the effect of the dance program and ftifierdnt teaching pedagogy on the
development of children’s motor competence. Theledvody movements and sensorimotor
activity of dance should promote motor competerss®] the limited number of teacher’'s
demonstrations in the high-cognitive group shouddilitate children exploring different
movement modalities and solutions (Tompsett, Sandeylor, & Cobley, 2017). Therefore,
it was hypothesised that children in both experitaemroups would enhance motor
competence more than control group and that the-¢agnitive group would increase motor
competence more than the low-cognitive group. kastbnsidering the tight relationship
between working memory and other executive funetiand that learning a skill has been
suggested to improve all core executive functidrar(porowski & Pesce, 2019), this study
explored how the dance curriculum and the differemgnitive challenges influenced the
children’s development of other executive functiqns., inhibitory control and cognitive

flexibility).

Methods
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Study design

A randomized controlled trial was conducted to eatd the efficacy of a 7-week dance
intervention to improve working memory capacity andtor competence in 8-10 years old
children in one Victorian government-funded primachool in Australia. The study was
approved by the research team’s University Ethicen@ittee (ref 16-288) and by the
Victorian Department of Education and Training.

The study design comprised of a baseline assesqmentest) on week 1, a dance
training intervention from week 2 to week 8, angoat-test on week 9 (figure 1). Pre-test and
post-test included an assessment of participantsikimg memory capacity, motor
competence, and other cognitive functions, and pieetest also included anthropometry
measurement and a questionnaire on participanigl lef physical activity (PAQ-C
guestionnaire Crocker, Bailey, Faulkner, KowalskiMcGrath, 1997). Three groups took
part in the study: two experimental groups practidance twice a week for 7 weeks, for a
total of 14 lessons lasting for approximately 60hatés each, and a control group did not
practice dance (the school PE teacher was spdlyifinatructed to avoid any type of dancing
during her classes) and followed the school usuajsieal Education (PE) and sport
curriculum. The dance lessons took place during ghdicipants’ PE (on Tuesday or
Wednesday) and sport classes (on Friday). Nonkeeoparticipants was practicing structured
dance at the time of recruitment (confirmed in fingsical activity questionnaire) and they
were instructed to refrain from engaging in dancevaies outside of school.

The Australian school academic calendar spansadana the middle of December.
Data collection occurred between July and Septenf@8, during school term 3:
measurements at pre-test in July and post-testejpteghber. The design, conduct and
reporting of this RCT adhere to the Consolidatexh&ards of Reporting Trials (CONSORT)

guidelines for group trials (Begg et al., 1996).
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**** Pleaseinsert figure 1l here****

Participants and setting

Eighty primary school children (8.8 £ 0.7 years;d8d % females) were recruited from 4
different classes in grades 3 and 4. The requiaadpte size was calculated a-priori using
G*Power (version 3.1), with a repeated-measures(t@thin-between interaction) and the
following details: a = 0.05, power (1 ) = 0.8, number of groups = 3, number of
measurements = 2, correlation among repeated nesasud.5, nonsphericity correction = 1,
and an effect size f = 0.18 (derived from a reaepta-analysis on the effects of physical
activity on working memory in children; de Greeffa., 2017). The analysis resulted in a
total sample size of 78. Two extra participantsenecruited to account for attrition.

Prior to the study, the children and their parem&e fully informed of the risks
involved in participating in the experiment. Chédrprovided written assent to participate in
the study while their parents or guardians provideiten consent. Children that were not
able to participate in PE (e.g. due to medical @) or those with profound learning
disabilities and formally recognised special edioceti needs (e.g., behavioural issues,
speech and language impairment) were excluded fassessments and data analysis.
Children that did not return parent consent formenexempt from the research, but able to

participate in PE lessons.

Randomisation

Ideally, the participants of all involved classd®o@dd have been randomised into three

groups — two experimental groups and a control grélowever, for logistical reason, it was
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not possible to divide each class into the threegs, and it was decided to have one class as
the control group and to divide the other threess#g into the experimental groups.
Therefore, one class (3/4D) was randomly selecsedoatrol group and the other 3 classes
(3/4 A, B, and C) were divided into the two expegimtal groups using the minimisation
procedure, which uses a technique similar to figdtirandomization whereby participants
are randomised into groups based on their stratifin on certain variables of interest (or
covariates) (Hopkins, 2010). This was performeerathe pre-test, and participants were
stratified based on their pre-test performance anking memory capacity. In summary, two
levels of randomization were performed: first, astér randomization to randomize one class
as control group and three classes as experimgrdaaps; second, a (similar to) stratified
randomization to assign participants of the expental-group classes into the two
experimental groups — high-cognitive group and tmgnitive group. This resulted in 3
groups: high-cognitive group (n = 30, 8.8 £ 0.5rgeald, 62% females), low-cognitive group
(n =30, 8.7 £ 0.7 years old, 59% females), andrdrol group (n = 20, 8.9 + 0.7 years old,
63% females). The three groups had similar age (p4¥), BMI (p = 0.97) and physical

activity level (p = 0.90) (see table 1).

**** Pleaseinsert table 1 here****

Blinding and inter/intra rater reliability

The experimenters who administered the working migroapacity, motor competence, and
cognitive functions tests were blinded with resgedhe group each participant belonged to.
Furthermore, the experimenters who observed theedalasses to evaluate the fidelity to
pedagogical approach knew which experimental gringy were observing but they were

blinded with respect to the specific research hypsis.
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While the assessment of working memory capacity @ghitive functions was iPad
based and did not involve any subjective assessiienmotor competence assessment was
primarily subjective and required high reliabilitfhe two examiners that administered the
motor competence test received a total of 5 hodirramning on testing procedure and
assessment criteria. To assess their intra- apd-iater reliability, they independently coded
the performance of 10 pilot trials from recordedeas, and then re-coded a week later. The
intraclass correlation for intra- and inter-ratefiability was 0.93 and 0.91 respectively,

which indicate high reliability.

Intervention delivery

Two experienced dance teachers designed the lessotent which was a jazz-dance
choreography. The choreography was based on a Blidagkson’s song — Ease on Down
the Road — and included a sequence of approximétimnovements, some of which were
repeated twice. The choreography combined wholg+-lmoovements on the spot and in the
space. A sequence of eight movements was taudheifirst lesson, and then a sequence of
four to eight movements was added in each of thewmg lessons. Each dance lesson was
comprised of approximately a 5-min warm up, 20 rtesuof drills, and 30 minutes of
choreography practice. Various movements were dsduin the drill section, such as
marching, skipping, galloping, step-kicking, ancicies. These movements were preparatory
for the choreography. The choreography section wtagctured into four main parts:
rehearsal of previously learned movement sequetea®ing of a new movement sequence,
adding the new movement sequence to the prevideained sequence, and practice of the
choreography.

The lesson content and the choreography were tme $ar the two experimental

groups. What differentiate the groups was the tegclpedagogy. In the high-cognitive

10



246 group, the teachers limited the number of demotishe to a minimum and encouraged
247 children to recall previously learned movement seges, challenging their working
248 memory capacity. Furthermore, given the limited bemof demonstrations, feedback was
249 primarily delivered verbally with an external focas attention (i.e., directing participants’
250 attention to the outcome of a movement). In the-éognitive group, the dance teachers
251 always demonstrated the movement drills and choapby sequences, and the children
252 copied the teacher's movements. Three experienaededteachers ran the dance lessons and
253 they rotated across the two groups to avoid a traeffect. The teachers were trained on
254  delivering the lesson content differently in theotgroups. While the pedagogy for the low-
255 cognitive group was familiar to the teachers (iieis the standard pedagogy in dance), for
256 the high-cognitive group, teachers were specifycatistructed to stop demonstrating a
257 movement or a movement sequence when half of #8s evas able to perform at least half of
258 a sequence.

259 The control group participated in PE and sport dessfollowing the school
260 curriculum, which focussed on providing childrenttwihe opportunity to experience and
261 practice different sports, team sports primarilydifferent sport was practiced for 2 weeks,
262 including athletics, Australian football, footbadnd volleyball. Each PE lesson comprised

263 drills and games, while the sport lesson was piilgngame-based.

264  Fidelity to pedagogical approach

265 The two experimental groups were expected to ddfdy on how the lesson content was
266 delivered (i.e., teaching pedagogy). Content anldiee of practice were expected to be
267 similar across the two groups. A check of teaclhpedagogy and volume of practice was
268 performed six times in each group to assess diftere and similarities between the
269 experimental groups. Six lessons in each group wamdomly selected, and during these

270 lessons two research assistants took notes ontia@ud each section (i.e., warm up, drills,

11
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and choreography); number of drills and choreogyapbetitions; number of demonstrations
(or no demonstrations); number of visual and vefbatlback. Demonstration referred to a
teacher's demonstration of the entire movement @vement sequence, while visual

feedback referred to a teacher’'s demonstrationneb@ement part.

Outcomes

Primary outcome

Working memory capacity was considered the prinmantgome of this study.

Working memory capacity. Working memory capacity was assessed using shesdirting
working memory test from the National Institute fétealth Toolbox (NIH Toolbox;

www.NIHToolbox.org). The NIH Toolbox is a comprelsgére set of neuro-behavioural

measurements that quickly assess cognitive, enaltisensory, and motor functions from
the convenience of an iPad (Gershon et al., 20413}, has well established validity and
reliability for use with children aged 3-15 yeaillsky et al., 2013; Zelazo et al., 2013).
Under the guidance of a trained member of the resgaam (1:1), in a quiet space outside
the classroom (e.g. the library), individual chddrwere asked to work through the list
sorting working memory task, which lasts for appneately 7 mins (Weintraub et al., 2013).
The list sorting working memory task requires maptnts to memorize, elaborate and
recall a series of pictures of food and animals@néd on the iPad screen. At the end of
each series, a blank screen appears, and part€ipas required to repeat the pictures in
order of size, from smallest to largest. There Zaronditions: 1-list and 2-list condition. In
the 1-list condition, only one category of picturdsod or animals) is presented in each
series, whereas both picture categories are pess@mthe 2-list condition in each series. In
each condition, the number of pictures increasessoccessive series to overload a

participant’s working memory capacity. Prior to ttest, participants performed 2 practice

12
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trials in each condition. The software providesocamcome variable for the 1-list and 2-list
tasks, and for the overall performance. The outceamgables consist of the number of

correct recalls.

Secondary outcomes

Motor competence. Motor competence was assessed using the Canadijdity Aand
Movement Skill Assessment (CAMSA; Longmuir et &017). It is comprised of 7 tasks —
two-feet jumping inside hoops, sliding sidewaysiclheng and throwing a small soft ball,
skipping, one-foot jumping inside hoops, and kickanball — to be completed in sequence as
fast and as accurate as possible. Two examinersniatiened the test. One examiner
measured participants’ completion time using a waiph, provided verbal cues to the
participants during their trial, threw the ballde caught, and positioned the ball to be kicked.
The other examiner assessed the quality of perfocer@and scored penalties. Participants
were assessed in groups of 10. They were provid#d imstructions, two demonstrations,
two practice trials, and two test trials. One examigave the “start” and provided verbal
cues to the participants during the execution @ef tifst to avoid memory affecting their
performance. CAMSA has been shown to be valid ahdle in 8-12 years-old children
(Lander, Morgan, Salmon, Logan, & Barnett, 201 7ndpmuir et al., 2017).

Participants’ completion time and quality of movermeavere assessed and then
combined to obtain the test score. The time to detapthe test was measured from the
examiner’s “start” to a participant’s ball kick, cgamt was converted to a pre-defined score
(range 1-14). The faster the course completionhitjeer the score. The quality of each skill
was scored as either performed (score of ‘1) dr(acore of ‘0’) across 14 reference criteria
(e.g., two feet out of the hoops and simultaneandihg, no extra jumps and no touching of
hoops). A total score was then computed combirtiegtime and skill scores, and it ranged

between 1 and 28 (Longmuir et al., 2017).
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Cognitive flexibility and inhibitory control. Cognitive flexibility and inhibitory control
were assessed using the dimensional change card306S) test and the flanker test,
respectively, from the NIH Toolbox (Gershon et &013). The DCSS test requires
participants to match two target pictures with fenence picture by either colour or shape.
Prior to the appearance of the reference stimausje —shape or colour — appears on the
screen indicating the participant what dimensior tlarget should be matched by.
Participants are instructed to choose as quick assilple which of the two target items
matches the dimension indicated by touching theescwith their index finger.

The Flanker test requires participants to focugshencentral arrow appearing on the
iPad screen while inhibiting attention to the arsoffanking it. On congruent trials, all the
arrows point in the same direction, whereas, onngcuent trials, the middle arrow point in
the opposite direction of the other arrows. Paéinis are instructed to choose as fast as
possible one of two buttons on the screen thatespands to the direction in which the
middle arrow is pointing. Both tests were admimste following the procedure of the
working memory task. Participants performed 4 peadrials in each test, and 30 trials in the
DCCS test and 20 trials in the Flanker test.

In both DCCS and Flanker tests, the software rexbrgarticipants’ response
accuracy (i.e., number of correct responses) aspbrese time, from stimulus appearance to a
button was pressed, combined them, and providedrhitrary outcome measure, which
ranges from 0 to 10. The software uses a 2-vectmirgy method (vector ranges from 0 to 5
in both accuracy and response time) and consigdetgacy first; if accuracy level is less than
or equal to 80% (i.e., vector = 4), the outcome sueais equal to the accuracy score. When

accuracy is higher than 80%, reaction time andracguare combined.

Statistical analysis
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A repeated-measures ANOVA with group (high-cogmitilow-cognitive, and control) and
time (pre and post) as fixed factors was perforrmedhe dependent variables separately.
When a group*time effect was found, a one-way ANOWA#Ah group as fixed factor and
Tukey post-hoc analysis were computed on the giqupgo-post changes in performance to
assess which group improved the most from pre- dst-fest. To test how each group
responded to the intervention, pre- to post-testyise t-test was computed in each group on
the dependent variables, using Bonferroni corractior multiple (3) comparisons.
Furthermore, Pearson correlation was performed @ { post-test score changes) (
between motor competence and working memory outsomeverall and 2-list score — for
each group and the 3 groups combined. Lastly,ghehing pedagogy and volume of practice
variables were analysed separately using an indiepet-test.

An initial inspection of the results suggestedt thander might have influenced the
group’s responses to the intervention; therefaregxaloratory repeated-measures ANOVA
with group (high-cognitive, low-cognitive, and caol), gender (male, female), and time (pre,
post) as fixed factors was performed on the dep#ndariables (note: gender was not
considered a factor in the initial design, thus shenple size is not sufficient for a proper
analysis). Furthermore, gender was included as ctorfain the pairwise comparison,
performing repeated-measures ANOVA in each growjvidually with gender as a fixed
factor, and females and males were separately aeahfraeach group using a pairwise t-test.

Prior to conducting ANOVAs, the assumption of nolitgavas checked through the
analysis of skewness and kurtosis of the datailoliston and visual inspection of boxplots.
Data associated with skew less than 2 and kurtess than 9 was evaluated as normally
distributed (Schmider, Ziegler, Danay, Beyer, & Béah 2010). Furthermore, the assumption
of homogeneity of variance was checked using Léegeest. Lastly, given that the different

randomisation of the control group might have @dusdl the data, we computed the Intraclass
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Correlation Coefficient (ICC) using linear mixed d&dling on post-test motor competence
and working memory variables to check whether aeaggd-measures ANOVA was
appropriate, or multilevel modelling was neededaad. ICC represents the proportion of
variance that is explained by the grouping strigitine cluster randomization in this study)
and was calculated dividing the variance betweestets by the sum of between-clusters
variance and variance within groups (Chen et al1L82. Typically, ICC below 0.05 indicates
that the grouping structure does not influenceotteerved variance.

All statistical analyses were run using SPSS (wver25.0. Armonk, NY: IBM Corp.).
Statistical significance was set at p < 0.05 arfdcefsizes were calculated to assess the
magnitude of change. Considering the Bonferronremion, statistical significance was
reduced to p < 0.017 (0.05/3) in multiple comparssoPartial eta-squarempf) was
calculated in the ANOVAs and was evaluated as ¥allo 0.01 trivial, 0.01-0.06 small, 0.06-
0.14 moderate, and > 0.14 large, while Cohen'’s ¢ e@gculated in the t-tests and evaluated
as follows: < 0.2 trivial, 0.2-0.5 small, 0.5-0.8derate, and > 0.8 large (Cohen, 1988).
Correlations were considered of small, moderat&a@e size when their value was in the

order of 0.1, 0.3, and 0.5 respectively (Cohen8)98
Results

The assumptions of homogeneity of variance and abdistribution of the data were met in
all the analyses (Levene’s test, p > 0.05; skewl8 @ 1.53; kurtosis = 0.21 to 8.5). ICC was
0.002 for CAMSA and could have not been computedtlie working memory variables
because covariance was redundant (meaning thahawétly ICC was 0; IBM, 2019).
Therefore, ANOVA was considered appropriate forysiag the data.

Six participants were excluded from the initial gdendue to having missed at least
half of the dance lessons or having left the schaod the final sample included 74
participants (high-cognitive, n = 26; low-cognitjve= 29; control, n = 19).
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Fidelity to pedagogical approach

The descriptive and inferential statistics for téag pedagogy and volume of practice
variables across the two experimental groups ageepted in table 2. The analysis showed
that the volume of practice did not differ betwegoups, warm-up duration (p = 0.57), drill
duration (p = 0.64), number of drill repetitions%£0.54), choreography practice duration (p
= 0.51), and number of choreography repetitiorrs (p20). The frequency of demonstrations
and visual feedback during drills was significarttigher in the low-cognitive than the high-
cognitive group (p < 0.01 in both), and the numbérteachers’ demonstrations of the
choreography was significantly higher in the lowgoiiive than the high-cognitive group (p

< 0.01 in both).

**** Pleaseinsert table 2 here****

Working memory capacity

Overall score

ANOVA showed a statistically significant effect the (F[1,73] =8.32, p <0-011102= 0.112),
but there was no significant effect of group (0.£3), nor group*time (p = 0.80). Pairwise
comparison did not show any statistically significaffect (Table 4).

The exploratory ANOVA showed a significant effe€tine (F[1,73] = 7.28, p <0.01,
np’ = 0.10) and trends towards significance effeqefder (p = 0.054). For the within-group
pairwise comparisons, ANOVA showed a trend towastgnificance effect of gender
(F[1,25] = 6.80, p = 0.02)p° = 0.24) in the high-cognitive group; no signifitaffects in the
low-cognitive and control groups.

2-list score
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418 ANOVA showed a statistically significant effect e (F[1,73] = 11.35, p < O.Olw.,p2 =
419 0.14), while group (p = 0.72) and group*time (p 42 effects were not statistically
420 significant. Pairwise comparison analysis showedstatistically significant moderate
421 improvement in the high-cognitive group (T[25] 383, p < 0.01A=1.21 £ 0.75, d = 0.51)
422 and a non-significant moderate improvement in tvwe-¢ognitive group (T[28] = 2.11, p =
423 0.04,A=1.10%+1.07,d=0.48) (Figure 2 and Table 4).

424 The exploratory ANOVA showed a significant effettione (F[1,73] = 9.51, p <0.01,
425 np® = 0.13). For the within-group pairwise comparisoABIOVA showed an effect of time
426 (F[1,25] = 7.23, p = 0.0p” = 0.25) and gender (F[1,25] = 10.92, p = 0 = 0.25) in
427 the high-cognitive group; no significant effectstire low-cognitive and control groups. T-
428 test showed that females significantly improvedrtiseore (T[1,15] = 2.13, p < 0.0\ =
429 1.69 £ 1.02, d = 0.97) while the males did notistiaally improve in the high-cognitive
430 group (Table 4).

431

432 **** Pleaseinsert figure2 here****

433

434 Motor competence

435 ANOVA showed a significant time effect (F[1,73] 52.05, p < O.Oln,;,2 = 0.70) and a
436 group*time effect (F[2,73] = 5.02, p < O.Oﬂ,p2 = 0.13) in the CAMSA score; group effect
437 was not significant (p = 0.18). Furthermore, thalgsis showed a significant group effect in
438 the pre-test (F[1,73] =4.75, p = 0.01@?= 0.12) and the post hoc analysis showed that the
439 control group had a significantly higher score thle high-cognitive (p = 0.02) and low-
440 cognitive (p = 0.03) groups (figure 4). Pre-to-ppatrwise comparisons showed significant

441 improvement in all three groups (high-cognitive29]=7.73, p < 0.01A=4.58 £+ 1.29,d =
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1.50; low-cognitive, T[28] = 11.53, p<0.0A=4.03 £0.71, d = 1.15; control, T[18] = 3.94,
p<0.01A=2.74+1.28,d = 0.95) (Table 4).

One-way ANOVA on the groups’ pre- to post-test ades showed a group effect
(same as group*time effect in the repeated-meastidSVA) and the post-hoc analysis
showed that the high-cognitive group had a larggrovement than the control group (p =
0.01), while there were no other significant efée¢high-cognitive vs low-cognitive, p =
0.29; low-cognitive vs control, p = 0.27) (Figure 3

The exploratory ANOVA showed a significant effedttione (F[1,73] = 137.82, p <
0.01,mp? = 0.69), group (F[1,73] = 4.08, p = 0.6 = 0.12) and gender (F[1,73] = 4.33, p
= 0.04,mp2 = 0.07) and towards significance effect of tigr@up (p = 0.051). For the
within-group pairwise comparisons, ANOVA showedrad effect in all three groups (high
cognitive, F[1,25] = 49.81, p < O.Oﬂ|p2 = 0.98; low cognitive, F[1,28] = 118.50, p < 0.01,
np? = 0.83; control, F[1,18] = 16.92, p < 0.Gfp” = 0.51). T-test showed that all subgroups
(i.e., gender) improved their score except the feman the control group (p = 0.03) (Table

4).

**** Pleaseinsert figure 3 here****

Corrédations

While not being statistically significant, the aysib showed a moderate positive correlation
in the high-cognitive group between CAMSA andA working memory capacity - overall
score (r =0.27, p = 0.27) and 2-list score (r340p = 0.13), a moderate negative correlation

in the low-cognitive group for working memory capig®verall score (r = -0.31, p = 0.12)
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and 2-list score (r = 0.34, p = 0.08), trivial adations in the control group and in the three

groups combined (Table 3).

**** Pleaseinsert table 3 here****

Cognitive flexibility

ANOVA showed a statistically significant time eftg€&[1,73] = 9.84, p < O.O]np2= 0.13),
and no significant effect of group (p = 0.30) nooyp*time (p = 0.53) in the DCSS score.
Pairwise comparisons did not show any statisticalgnificant improvement in the three
groups (Table 4).

The exploratory ANOVA showed a significant effafttime (F[1,73] = 9.70, p <
0.01, np®> = 0.13). For the within-group pairwise compariso®sNOVA showed no
significant effects in all three groups. T-testwhd that the males significantly improved

their score (T[1,11] = 2.20, p = 0.0157 0.81 + 0.62, d = 1.04) in the low-cognitive group

Inhibitory control

ANOVA showed a statistically significant time eftd€&[1,73] = 10.44, p < O.thzz 0.13),
and no significant effect of group (p = 0.69) nooup*time (p = 0.33) in the Flanker task
score. Pairwise comparisons showed a significaettgpost improvement in the control
group only (T[18] =3.3, p<0.0=0.33+£0.21, d = 0.41) (Table 4).

The exploratory ANOVA showed a significant effeafttime (F[1,73] = 7.83, p <
0.01,mp? = 0.11) and gender (F[1,73] = 8.21, p < 0.2 = 0.11). For the within-group
pairwise comparisons, ANOVA showed no significaffié&s in the high-cognitive and low-

cognitive groups, and a significant effect of ti(R¢1,18] = 8.65, p < 0.0lp® = 0.34) in the
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control group. T-test showed that the females &gmtly improved their score (T[1,11] =

2.20, p <0.01A=0.50 £ 0.23, d = 0.73) in the control group.

**** Plegseinsert table4 here****

Discussion

This study examined whether the implementation @érce intervention during PE classes in
a primary school improved children’s working memeogpacity and motor competence, and
how different teaching pedagogies, which impactedtlee cognitive challenge of dance
practice, would influence any change in working meyncapacity and motor competence. It
was hypothesised that the two experimental growps, each learned a dance choreography
for 7 weeks (total of 14 lessons), would improveitlworking memory capacity relative to
the control group, and that a high cognitive chegke during dancing would result in a larger
improvement relative to a low challenge. While istatally there were not significant
differences between groups, the results providetinppinary support for our hypotheses. The
high-cognitive group significantly improved theirovking memory capacity (in the 2-list
task) from pre to post test, while the low-cogratigroup showed large but no significant
improvement and the control group did not show stajistically significant improvement.
Furthermore, improvement in working memory capacitgre positively and moderately
correlated with improvement in motor competencethe high-cognitive group, while
correlation was trivial in the control group. Tlegsggests a parallel improvement in working
memory capacity and motor competence as a resthieddctivities and pedagogy adopted in
the high-cognitive group. Interestingly, working mey capacity did not significantly
improve in the low-cognitive group (contrary to gietion) and there was a moderate-
negative correlation between improvement in workingemory capacity and motor
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competence. This may suggest that the designedjpggdi.e., continuous demonstrations of
movement sequences and movement form) caused a-dffadbetween cognition and
movement: children who strictly followed the teackemovement improved their motor
competence but were not cognitively engaged, whbHhHddren who made an effort to
memorize and recall movement sequences improvedweking memory capacity at the
cost of movement execution (however, this is meaebpeculation and should be considered
cautiously). Interestingly, gender was found toabsignificant factor in the high cognitive
group where females significantly improved theirrkiog memory capacity score (2-list
score) whilst males did not. Although this was a&pleratory analysis, it does align with the
premise that females prefer dance more than mal&scansequently, may be more engaged
when participating in a dance curriculum (Gao, 4ha& Podlog, 2014). In our study,
however, this was only the case in the high cogmigroup. Together, the results of this
study suggest that a dance curriculum can proneedéevelopment of children’s working
memory capacity if the adopted teaching pedagogsowages an enhanced cognitive
challenge (i.e. limited visual demonstrations andoaraging children to recall movement
sequences).

It has been suggested that dance can improve mgprRemory capacity (Diamond &
Ling, 2016; Eggenberger, Schumacher, Angst, Th&ilde Bruin, 2015; Tomporowski &
Pesce, 2019) and the results of this study prondml support for this argument. Dance
provides continuous sensorimotor stimuli, includiagvariety of whole-body movements,
requires individuals to memorise and recall longuemces of movements, and performers
time their movement with the rhythm of the musiofése & Rossi-Arnaud, 2010; Jola et
al., 2013; Merom et al., 2013). While this soun@pealing, previous research focussed on
the effect of dance on slowing the decline of wagkmemory capacity in the elderly and did

not show clear benefits of practicing dance on waykmemory capacity (Merom et al.,
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2013; Mduller et al., 2017). Furthermore, teachimglggogies have been argued to influence
the development of working memory capacity in pbgsexercise interventions (Moreau &
Conway, 2014; Tomporowski & Pesce, 2018he current study is the first showing how
learning a dance choreography for 14 lessons cduplgh a teaching pedagogy that
challenges cognition could promote the developmémntorking memory capacity in primary
school children. In its novelty, this study suggestat limiting visual demonstrations and
encouraging children to memorise and recall moversequences, as opposed to the teacher
providing continuous demonstrations, could prontbeedevelopment of children’s working
memory capacity.

This study also examined how dance and the twerdifit teaching pedagogies — low
and high cognitive challenge — influenced the dewelent of motor competence in primary
school children. It was hypothesised that the twjpeemental groups would improve motor
competence more than the control group, and thathtgh-cognitive group would show
larger improvement than the low-cognitive groupl &lgroups improved from pre to post,
with the high-cognitive group having the largesteef size and showing statistically
significant larger improvement than control gropprtially confirming the initial hypothesis.
While we did not measure the potential processasrttay underpin the motor competence
improvement, we can speculate that the limited destrations in the high-cognitive group
encouraged participants to continuously adapt thrmvements and perfect their technique
repetition after repetition, while the low-cogngiparticipants copied the teacher and kept
repeating the same movements. However, we nee@ tocabtious in the interpretation of
these results. The control group had a high seotlka pre-test (significantly higher than the
experimental groups), and a ceiling effect couldgiay be responsible for the lower group’s
improvement relative to the experimental groupsithiarmore, the fact that all 3 groups,

including the control group, statistically improvédm pre to post may suggest a test
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learning effect (i.e., participants learned howp&sform the test rather than improving motor
competence), which, in turn, may have masked betweeups differences. However, the
control group performed team sports throughoutitiervention period and they may also
have improved motor competence; therefore, it cob&l difficult to discern motor
competence improvement from a test learning effect.

A final aim of this study was to explore if the darcurriculums supported children’s
development of inhibitory control and cognitiveXieility. For both inhibitory control and
cognitive flexibility there was no statistically gsiificant differences between groups.
However, a closer inspection of the results foribrbry control showed that the two
experimental groups did not improve their inhibjt@ontrol from pre to post test, whilst the
control group did show a statistically significaniprovement, thus suggesting that some
improvement may have occured in the control grdeesce et al. (2016) found similar
improvements in inhibitory control that were meddtby improvements in ball skills and
suggested that a game-based pedagogy that prorpodédem solving and encouraged
children to explore a wider range of movement sohg may have challenged and then
honed the interceptive and planning processeseotiiidren. The control group in our study
had a similar nonlinear experience where every weeks they would play different drills
and games in PE, and sports ranging from athléticAustralian football, volleyball and
soccer. On reflection the lack of improvement imilaitory control in the experimental
groups is possibly due to the nature of the hidimgar structure of the dance curriculums
devised for both low and high cognitive challengbgere both groups had to learn a sequence
of eight movements in the first lesson, and theshraglv moves to this sequence each week.

This study showed how learning a dance choreograpthya linear lesson structure
(i.e., each lesson added 8 new movements to theatp@phy) improved working memory

in children. The fact that the females showed gstaimprovement in working memory
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588 capacity may suggest the importance of the actitapping into a child’s ‘hot executive
589 functions’ that call into play the emotional dimemss of self-control and self-regulation
590 (Lakes, 2012), and future studies should explore@n’s motivations and engagement into
591 their dance physical activity experiences. Althotlgis study found no change in cognitive
592 flexibility and inhibitory control after the danceurriculum, future research should also
593 examine how different dance curriculums may infeeerall three executive functions. For
594 example, creative dance whereby individuals explatescover, and create different
595 movements to the rhythm of music could challeng®iarprove all three executive functions
596 (Torrents, Castaner, & Anguera, 2011). Another aptcould be adopting a nonlinear
597 pedagogy, which has been recently argued to sugpertkey characteristics to improve
598 executive functions (Rudd, Crotti, et al., 2019;dBuO'Callaghan, & Williams, 2019) —
599 challenge executive function, elicit commitment aadhotional investment, supportive
600 environment, promote individual’s feeling of comgrate and self-confidence (Diamond &
601 Ling, 2019). A nonlinear pedagogy could as wellradd some of the shortfalls within our
602 current study due to the linear lesson structure.

603 It must be acknowledged that the current study gmiss some limitations. For
604 logistical reason, we have not been able to cofdroand measure the PE curriculum of the
605 control group. Also, we did not measure childrepfg/sical activity outside of PE classes
606 throughout the intervention, which might have baeronfounder. We instructed children to
607 refrain from engaging in dance activities outsidesohool; however, we did not record
608 whether children participated in other sports aléssf school. Knowing these details would
609 have improved the interpretation of the results] e encourage future research to address

610 these issues.

611 Conclusions
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This study showed that a 7-week (RCT) dance cuwowcould improve working memory
capacity in primary school children and that limgivisual demonstrations and encouraging
children to recall movement sequences — high-covgnigroup — could further enhance
working memory capacity. Furthermore, the resultggest that the high-cognitive group
improved motor competence to a larger extent thardw-cognitive group, which received
continuous visual demonstrations during dance ectogether, these results suggest that
dance practice can improve working memory capa&ityg motor competence in children;
however, the difference between experimental gramaiscontrol group were not statistically
significant, and future research is necessary ttebexamine this issue. Lastly, this study
suggested that the dance curriculum adopted, wichlinearly structured, does not improve
other executive functions (i.e., inhibitory contrahd cognitive flexibility), and future
research should examine different teaching pedago(dor example, nonlinear pedagogy)

that may improve all 3 executive functions.
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Table 1 Age, Body Mass Index (BMI), physical adinMevel, and gender distribution among
the 3 groups are presented.

High-cognitive  Low-cognitive  Control Differences

Age 8.8+0.5 8.7+0.7 8.9+0.7 p=0.47
BMI 19.3+3.3 19.2+3.8 18.9+4.5 p=0.97
Physical Activity level 3.0£0.6 3.1+0.7 3.1+£0.7 p =0.90
Female (%) 62 59 63 p=0.90

Physical activity level and BMI were measured ag-fast. Physical activity level was assessed utieg

Physical Activity Questionnaire for Children, whiphovides a score ranging from 0 to 5 (Crocken.et1l897).
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Table 2 Fidelity to pedagogical approach variablespresented as mean + SD.

High-cognitive

Low-cognitive

(T value) p value

Warm up duration (s) 358 £ 31 380 £ 88 (0.59) p570
Drill duration (s) 967 + 62 985+ 71 (0.48) p=40.6
# drill repetitions 7.2+1.0 7.5+£0.8 (0.63) P54
Demonstration before (%) 73 +17 78 £23 (0.75) (47
Demonstration during (%) 27 +£21 94 +14 (6.59) p.e1
Visual feedback (%) 27 £21 100+£0 (9.66) p <0.01
Verbal feedback (%) 1000 64 +43 (1.63) p 0.1
Choreography duration (s) 1683 + 68 1708 + 58 (058 0.51

# choreography repetitions 140+ 2.1 125+1.6 .38)Lp =0.20
Teacher demonstrated (%) 386 1000 (8.14PW4&
Teacher counted (%) 37+14 3816 (0.14) p=0.87
Teacher provided verbal cues (%) 41 +13 41 + 24 290p =0.77
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Table 3 Correlations between pre- to post-testeschangesA) in CAMSA and working
memory outcomes — overall and 2-list score — fehegroup and the 3 groups combined.
Pearson correlation and (p value) are presented.

A working memory capacity A working memory capacity

overall score 2-list score
Groups combined 0.058 (0.64) 0.041 (0.74)
High-cognitive 0.274 (0.27) 0.337 (0.13)
A CAMSA
L ow-cognitive -0.305 (0.12) -0.339 (0.08)
Control 0.021 (0.93) -0.005 (0.98)
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Table 4 Outcomes of working memory capacity, motampetence, cognitive flexibility and inhibitoryrdool among the 3 groups are
presented along with pre to post improvements.rAtanferroni correction, significance was set at @.017. Significant effects are indicated
with *

Females and males combined Females Males

Pre Post Post vsPre Pre Post Post vsPre Pre Post Post vsPre
Delta + confidence interval;

p value; Cohen’'s d

Working memory capacity — overall score

High-cognitive 14.3+4.0 15.6+2.7 A=1.42+1.37; 137+24  149+27 A=113+098; 168+25 17.1+24 A=0.38+1.73;
p=0.04;d=0.32 p=0.03;d =0.45 p=0.62;d=0.15

Low-cognitive  14.1£32 152+25 A=1.03+1.26; 138+29  154+18 A=159+167; 146+3.7 148+33 A=0.25+2.15;
p=0.10;d =0.32 p =0.06; d = 0.66 p =0.80;d =0.07

Control 149+29 157%32 A=0.79 + 1.28; 150+32  151+39 A=0.08+181; 147+26 167+11 A=2.00+*1.77;
p=0.21;d=0.27 p=0.92;d =0.02 p=0.03;d=1.09

Working memory capacity — 2-list score

High-cognitive ~ 5.6+22  6.7+1.7 A=1.21+0.75; 46+1.8 63+17 A=169+1.02;, 74+16 76%15 A=0.25+0.74;
p <0.01%;d = 0.51 p <0.01%;d = 0.97 p=0.45,d=0.16
Low-cognitive ~ 53+23  65+1.6 A=1.10 £ 1.07; 50%2.5 66+15 A=164+162; 58+20 6217 A=0.33 +1.36;
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p=0.04;d=0.48

p=0.05,d =0.83

p=0.60;d=0.18

Control 6.1+£21 6.5+£2.0 A=0.37£0.76; 6.3+2.3 6.3+25 A=-0.08+1.10; 57+x1.7 69%£09 A=1.14+0.83;
p=0.32;d=0.17 p=0.87;d=-0.03 p=0.02;d=0.88
Motor competence — CAMSA score
High-cognitive 17.3+3.4 21.9%27 A=458+1.29; 16.2+2.9 214+ 3.2 A=520+1.69; 185+33 226+15 A=4.13+1.02;
p <0.01*% d = 1.50 p<0.01x;d=171 p <0.01*; d=0.97
L ow-cognitive 177+36 21.7+34 A=4.03+0.71,; 173+ 3.8 21.3+3.7 A=4.00+0.89; 186+34 225+28 A=3.90+1.41;
p <0.01%;d=1.15 p <0.01* d=1.06 p <0.01%;d=1.25
Control 204+34 231%24 A=274+1.28; 204+3.0 223+2.3 A=192+1.72; 213+35 247+16 A=3.33+2.27,
p <0.01* d =0.95 p=0.03;d=0.72 p =0.01% d=1.30
Cognitive flexibility — DCSS score
High-cognitive 6.7+0.9 6.9+0.5 A=0.19 £ 0.36; 6.6+1.0 69+0.4 A=0.38+053;, 7105 69+0.6 A=-0.17 £0.49;
p=0.31;d=022 p=0.15;d = 0.52 p=0.43;d=-031
L ow-cognitive 6.9+1.1 7.4+0.7 A=0.43 +£0.39; 71+1.3 72+0.7 A=0.15+051; 68+0.8 76+0.8 A=0.81+0.62;
p=0.03;d=0.39 p=0.53;d=0.16 p=0.01*d=1.04
Controal 6.8+1.0 7.3x0.7 A=0.47 £0.39; 6.8+ 0.6 72+0.8 A=0.34+032; 6815 75+0.6 A=0.70 £ 1.09;
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p=0.02;d=0.48

p =0.04; d = 0.50

p=0.16;d=0.67

Inhibitory control — Flanker test score

High-cognitive 7.4 +0.6 76+0.5 A=0.12+0.22; 7.3+0.6 7505 A=0.13+£0.29; 77205 77+0.6 A=0.08+0.43;
p=0.29;d=0.19 p=0.34,d=0.23 p=0.66;d=0.15

L ow-cognitive 7.6+0.8 7.7+0.7 A=0.15+0.21; 75+0.8 76+0.6 A=0.10+0.29; 7.7x08 79+0.6 A=0.21+0.35;
p=0.16;d=0.18 p=047,d=0.14 p=0.21;,d=0.30

Control 74+0.8 7.7+0.7 A=0.33+0.21; 71+£0.7 76+0.7 A=050+0.23;, 8008 81+0.7 A=0.05+0.39;

p < 0.01% d = 0.41

p <0.01% d =0.73

p=0.76;d = 0.07
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Week 2 to 8: Dance training. Week 9: Post-test
Twice per week, for a total of 14 lessons.

Week 1: Pre-test

Working memory
and other cognitive functions test (NIH Toolbox; www.NIHToolbox.org)

8 ‘ CAMSA test (Longmuir et al., 2017)
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EF/ Physical activity questionnaire (PAQ-C questionnaire Crocker, Bailey, Faulkner, Kowalski, & McGrath, 1997)
| o/

65
ﬁ h Height and weight measurement



201

p—
n
1

Score (A.U.)

Score (A.U.)
z

N
1

|

Pre Post

I
Pre Post

Pre Post

|
Pre Post

Pre Post
Bl High-cognitive
3= Low-cognitive
Za Control

Pre Post



Score (A.U.)

301

[\
=]
1

p—
(=]
1

@ High-cognitive

o O Low-cognitive
1 _ Control
,Y*** ,Y*** A/***
— 1 1
Pre Post Pre Post Pre Post



Highlights

* Learning a dance choreography with a high-cognitivallenge promoted the development
of working memory capacity and motor competengerimary school children

* Teacher limiting visual demonstrations facilitassdenhanced improvement of working
memory capacity and motor competence relative mimoous teacher’'s demonstrations

» This study provides new insights into the exeradsgnition link, highlighting the role of

cognitive challenge during exercise in promotingridtive development
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