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Abstract 1 

Objectives: This study examined the effect of two different dance curriculums on executive 2 

functions and motor competence in 6-7 years old primary-school children across an 8-week 3 

period. One dance curriculum was underscored by creativity and the other was based on a 4 

choreographed dancing curriculum with high cognitive challenge.  5 

Design: Randomised-controlled trial. 6 

Methods: Sixty-two primary-school children (6.6 ± 0.5 years old; 47% females) participated 7 

for a control period in the regular school PE lessons, after which they were randomly 8 

assigned to two experimental groups – choreography dance group or creative dance group. 9 

The two experimental groups practiced dance for 8 weeks, twice a week, learning either a 10 

choreographed dance sequence with high cognitive challenge or creating their own dance 11 

sequence in a creative dance curriculum. Executive functions (working memory capacity, 12 

inhibition, and flexibility) and motor competence were assessed at three time points – 13 

baseline, pre-intervention and post-intervention.  14 

Results: There was a time effect for inhibitory control (p < 0.01), with a high improvement 15 

during the intervention (d = 0.76) than baseline (d = 0.46); for working memory capacity (p < 16 

0.01), with a higher improvement during intervention (d = 0.43) than baseline (d = 0.31) in 17 

the high challenging task; and for motor competence (p < 0.01), with a higher improvement 18 

during baseline (d = 1.7) than intervention (d = 0.75); no other significant effects.  Group 19 

differences revealed weak evidence that the choreography group improved inhibitory control 20 

and working memory more than the creative dance group. However, a check for pedagogy 21 

fidelity revealed that the creative-dance curriculum was not adopted as planned (i.e., high 22 

volume of teacher’s instruction and small use of music). 23 

Conclusions: An 8-week dance intervention improved inhibitory control and potentially 24 

working memory capacity in grade one and two primary-school children. Contrary to 25 
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prediction, the dance intervention did not improve motor competence beyond typical 26 

development. Discrepancy between the planned and adopted creative-dance curriculum 27 

suggests caution in interpreting results. This study provides new insights into the exercise-28 

cognition relationship.  29 

 30 

Keywords: embodied cognition; education; exercise-cognition; working memory; inhibitory 31 

control 32 
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Introduction 33 

Executive functions play a critical role in children’s development (Best, Miller, & Naglieri, 34 

2011; Blair & Razza, 2007; Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009; 35 

McClelland, Acock, & Morrison, 2006). Children with weaker executive functions are  36 

susceptible to a wide range of negative health and wellbeing outcomes in adulthood (Hair, 37 

Hanson, Wolfe, & Pollak, 2015; Hofer & Clouston, 2014). Executive functions include three 38 

core cognitive constructs: (i) working memory capacity - ensures the sustained and active use 39 

of goal-relevant information whilst other cognitive tasks are being performed; (ii) inhibitory 40 

control – the ability to inhibit a behavioural response to stimuli in the environment; and (iii) 41 

cognitive flexibility – the ability to change perspective, adjust to changing demands and 42 

prioritise (Diamond, 2013). During school years, significant improvements in executive 43 

functions occur which leads to stronger links between the constructs (Best, Miller, & Jones, 44 

2009; Miyake et al., 2000). It is essential to understand the impact of new experiences 45 

because the neural substrates that support executive functions are acutely sensitive to features 46 

of an environment (Fishbein, Michael, Guthrie, Carr, & Raymer, 2019; Romine & Reynolds, 47 

2005). There is a growing body of empirical evidence indicating that movement can play a 48 

role in enhancing children’s development of executive functions (de Greeff, Bosker, 49 

Oosterlaan, Visscher, & Hartman, 2018; Diamond & Ling, 2019; Ludyga, Gerber, Brand, 50 

Holsboer-Trachsler, & Pühse, 2016; Tomporowski, Davis, Miller, & Naglieri, 2008). A 51 

current challenge for researchers and practitioners is to investigate which aspects of a 52 

Physical Education curriculum such as dance, can reliably support the development of all 53 

three executive functions in children (Diamond, 2013, Tomporowski & Pesce, 2019). 54 

Recent evidence demonstrates that the exercise-cognition relationship is heightened 55 

when motor learning is incorporated with exercise, such as playing games or learning a sport 56 

skill as opposed to running laps of the playground, or participating in activities that require 57 
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rote repetition of movement (Diamond & Ling, 2016; Moreau, Morrison, & Conway, 2015; 58 

Pesce, 2012; Tomporowski & Pesce, 2019). Specifically, it was suggested that integrating 59 

complexity, diversity, and novelty into the design of skill learning programmes will challenge 60 

executive functions and increase the likelihood of transfer to everyday tasks (Moreau & 61 

Conway, 2014). Sport and art provide a suitable context; in dance, the music creates 62 

continuous sensorimotor stimuli that are synchronous with the task and offers an abundance 63 

of whole-body movement opportunities (Merom et al., 2013). A randomised-controlled trial 64 

(RCT) that included primary-school children, 8 to 10 years old, recently showed how 65 

learning a complex dance choreography improved children’s working memory capacity 66 

(Oppici, Rudd, Buszard, & Spittle, 2020); results revealed that limiting visual demonstrations 67 

encouraged children to retain movement sequences and further enhanced the children’s 68 

working memory capacity. Furthermore, a six-month RCT with a large sample of 5–10 year 69 

old children showed how a PE curriculum designed with a highly variable environment 70 

enhanced children’s inhibitory control when compared to a traditional PE1 curriculum (Pesce 71 

et al., 2016). However, whilst these studies provide evidence that learning complex and 72 

diverse movement skills can improve executive functions, each study only demonstrated 73 

improvement in one executive function. The design of learning environments underpinned by 74 

ecological dynamics may offer new insights into how movement can support and stimulate 75 

the development of children’s executive functions. Ecological dynamics emerged from the 76 

work of Davids et al. (1994), Araújo et al. (2006), and Warren (2006). Ecological psychology 77 

emphasises the cyclical relations between a child and the environment which, integrates 78 

                                                 

1 Traditionally physical education lessons do not take into account individual difference as 

they follow a linear structure one size fits all progression of learning activities (Chow et al 

2016).  Lessons often have the following characteristics are overly structured, children learn 

through repetitive actions, and through technical prescriptive demonstrations and feedback is 

often shaped with explicit instruction (Jess, McEvilly, & Carse, 2017). 
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executive functions in a child’s search, explore and discovery behaviours (Gottiwald et al., 79 

2016). From a dynamical systems perspective, functional movement solutions emerge from 80 

the interactions of multiple sub-systems within the individual, task and environment (Thelen, 81 

1989; Davids et al., 2008). A sub-system that is integral to executive function which is 82 

potentially underplayed in the current cognition literature is the perceptual system (Chow et 83 

al., 2011): there are deeply entwined relations between intentions, perception and action that 84 

reflect a child’s self-organization tendencies (Rudd et al., 2020). From an ecological 85 

dynamics vantage, executive functions do not direct motor behaviours or act as an ‘executive’ 86 

but instead are part of the self-organisation process supporting the emergence of functional 87 

movement solutions and the development of a deeper knowledge of the environment (Woods 88 

et al., 2020). In support of this, Oppici et al., (2020) found that when children were placed in 89 

an environment focussed on learning a choreographed dance and the teacher manipulated the 90 

task to make it more complex by limiting the number of demonstrations, children improved 91 

their working memory capacity. It was hypothesised that the task manipulation resulted in 92 

challenging the children’s working memory via a continuous recall of movement sequences 93 

and a continual perception action coupling between the music and performer. 94 

It is likely under an ecological dynamics understanding of executive functions that a 95 

PE curriculum developed around creative dance will support all three executive functions in 96 

children aged 6-8 years. A creative dance curriculum encourages a transformational process 97 

by children using elements of dance (body, space, time, force, flow, and relationships) to 98 

search, explore, discover and adapt their movements to synchronise with the music’s tempo 99 

and beat. Through the learning process of the dance they will be required to create and 100 

memorise their own creative dance sequence, challenging a child’s working memory. 101 

Accordingly, the children’s dancing will involve individual improvisations and spontaneous 102 

performance synchronised to music and other environmental stimuli, such as lesson themes 103 
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(e.g. trip to the fun fair) (Torrents, Ric, & Hristovski, 2015). This informationally enriched 104 

environment will offer many possibilities for action that will encourage children to explore 105 

their environment and make continuous choices as they move flexibly (Rasmussen, 106 

Østergaard, & Glăveanu, 2017; Vaughan, Mallett, Davids, Potrac, & Lopez-Felip, 2019), 107 

which will challenge inhibitory control (Pesce et al., 2016) and cognitive flexibility. 108 

Additionally, a teacher can continue to challenge inhibitory control and cognitive flexibility 109 

over the whole unit of work/curriculum through a learner-centred cyclical process. For 110 

instance, the teacher could manipulate the tasks by creating scenarios or posing problems to 111 

be solved, such as: ‘Today we are going to create a dance about going to the fun fair, can 112 

you move like your favourite ride at the funfair?’ The teacher’s role is then to encourage 113 

children to couple the novel and diverse movement solutions with the music’s beat and 114 

tempo. Once a child has mastered their movements, the teacher’s role is again re-engage the 115 

child in exploratory behaviours further taxing inhibitory control and flexibility. To facilitate 116 

this process, the teacher might choose to manipulate the environment and the theme of the 117 

lesson (e.g., from the ‘fun fair’ to ‘garden bugs’), or through tempo, volume or beat relations 118 

in the music (Torrents, Balagué, Ric, & Hristovski, 2020). In summary, we expect a creative 119 

dance curriculum to promote the development of all executive functions by encouraging 120 

children to explore features of the environment and their own body, as well as their 121 

interaction, create movement sequences, retain and assemble the “created” movement 122 

solutions to create their own choreography.   123 

The aim of this study was to examine the effect of a creative dance curriculum, 124 

compared to a choreographed dance curriculum with high cognitive challenge (similar to the 125 

curriculum used in Oppici et al., 2020) on the development of children’s executive functions. 126 

Primary school children were recruited and divided into two groups: a creative dance group 127 

and a choreography dance group. Both groups participated in an 8-week dance program. 128 
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Participants’ executive functions were assessed before a control period (i.e., a baseline 129 

measure 8 weeks before the dance intervention), and pre and post the dance intervention. It 130 

was hypothesised that the creative dance group would enhance all three executive functions 131 

and the choreography dance group only working memory capacity (as previously shown in 132 

Oppici et al., 2020) beyond their typical development (i.e., control period). Furthermore, 133 

motor competence was also assessed at the same three time points - baseline, and pre and 134 

post the dance intervention. Both groups were hypothesised to improve their motor 135 

competence as a consequence of the dance intervention, but the creative dance group were 136 

expected to improve more than the choreography dance group given the emphasis on 137 

movement exploration in the creative dance group’s lessons. 138 

Methods 139 

Study design 140 

A randomized controlled trial (RCT) was conducted to compare the efficacy of creative 141 

dance compared to a choreographed dance. An 8-week intervention was administered to 6-7 142 

years old children in one Victorian government-funded primary school (Australia) in 2019. 143 

Our outcomes to assess efficacy of each learning environment were the three executive 144 

functions and motor competence. The study was approved by the research team’s University 145 

Ethics Committee (ref 16-288) and by the National Department of Education and Training.  146 

The study design comprised of a baseline assessment, a control period for 8 weeks, a 147 

pre-intervention assessment (pre-test), a dance training intervention for 8 weeks, and a post-148 

intervention assessment (post-test) (figure 1). All three assessment sessions (baseline, pre-test 149 

and post-test) included an assessment of participants’ executive functions – working memory 150 

capacity, cognitive flexibility, and inhibitory control – and motor competence. Two groups 151 

took part in the study: participants in both groups participated in the school PE classes during 152 
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the 8-week control period, then participants were randomly divided into two groups, which 153 

practiced dance twice a week for 8 weeks, for a total of 16 lessons lasting for approximately 154 

50 minutes each. None of the participants were practicing dance at the time of recruitment 155 

and they were instructed to refrain from engaging in dance activities outside of school.  156 

 The Australian school academic calendar spans January to the middle of December. 157 

Data collection occurred between February and June 2019, during school terms 1 and 2: 158 

baseline assessment in February, pre-test in April and post-test in June. The design, conduct 159 

and reporting of this RCT adhere to the Consolidated Standards of Reporting Trials 160 

(CONSORT) guidelines for group trials (Begg et al., 1996). 161 

 162 

**** Please insert Figure 1 here **** 163 

 164 

Participants and setting  165 

Seventy-five primary school children from 3 different classes in grades 1 and 2 were invited 166 

to participate in the study, and sixty-two children (6.6 ± 0.5 years old; 47% females) accepted 167 

to participate. Given the study design (repeated-measures test, within-between interaction), 168 

this sampling allows to detect small to moderate effect sizes (f = 0.165), which is in line with 169 

a recent meta-analysis on the effects of physical activity on children`s executive functions (de 170 

Greeff et al., 2018). 171 

Prior to the study, children and their parents were fully informed of the risks involved 172 

in participating in the experiment. Children provided written assent to participate in the study 173 

while their parents or guardians provided written consent. Children that were not able to 174 

participate in PE (e.g. due to medical conditions) or those with profound learning disabilities 175 

and formally recognised special educational needs (e.g., behavioural issues, speech and 176 
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language impairment) were excluded (n = 2) from assessments and data analysis. Children 177 

that did not return parent consent form (n = 11) were exempt from the research, but able to 178 

participate in PE lessons.  179 

Randomisation  180 

All participants participated in the regular school PE lessons in their own classes during the 181 

control period. After the pre-test, the participants were randomly assigned to the two 182 

experimental groups – choreography dance group (n = 31, 6.6 ± 0.5 years old, 48% females) 183 

and creative dance group (n = 31, 6.6 ± 0.5 years old, 46% females). The randomisation 184 

process followed the minimisation procedure (Hopkins, 2010), whereby each of the 3 classes 185 

were divided into 2 experimental groups based on participants’ performance on the outcome 186 

variables in the pre-test (similar to a random stratification process). Hence, there were no 187 

differences between the groups during the pre-test (Table 3).  188 

Blinding and inter/intra rater reliability 189 

The experimenters who administered the executive functions and motor competence tests 190 

were blinded to the group that each participant belonged to. Furthermore, the experimenters 191 

who observed the dance classes to evaluate the fidelity to pedagogical approach did not know 192 

which experimental group was which or what the specific research hypothesis was.  193 

While the assessment of executive functions was iPad based and did not involve any 194 

subjective assessment, the motor competence assessment was primarily subjective and 195 

required high reliability. The two examiners that administered the motor competence test 196 

were experienced in administering the test, as they previously performed it in Oppici et al. 197 

(2020) where their intra- and inter-rater reliability was high (i.e., ICC above 0.90). 198 

Intervention delivery  199 
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Control period 200 

Participants participated in the standard school PE classes, twice a week, during the control 201 

period. A typical PE class included 3 main activities: a warm-up game, an activity aiming at 202 

improving a movement skill (e.g., catching and throwing), and a final game to practice the 203 

targeted movement skill in a fun context. Throughout the control period, participants 204 

primarily practiced catch and throwing skills. The school PE teacher ran the classes and was 205 

instructed to follow the National curriculum and to avoid any type of dance activity. 206 

Creative curriculum 207 

We designed a creative dance curriculum to promote exploratory learning based upon dance 208 

movement language detailed in the work of Laban (1975); the lesson plan detailed how the 209 

body, awareness of space, relationships, effort, force, flow and time could be explored. Laban 210 

movement components reflect unique movements combinations prompted by continuity with 211 

familiar constraints as it branches into a new expression (Laban & Ullman, 1971). Each of 212 

the lessons had a specific theme and identified learning outcomes that incorporated some of 213 

the elements of dance, e.g., create and perform locomotor and non-locomotor movements that 214 

use circular pathways on the floor and in the air. Each lesson was 50 minutes in length and 215 

began with an introduction to set the scene, then progressed to exploration and development 216 

of movements associated with a topic or theme, and then evolved into a culminating dance. 217 

The introduction and development section involved the teacher asking a number of questions 218 

to encourage the children to create and perform movements based on their perceptions and 219 

feelings of the topic or theme. For example, ‘Today we are going to create a dance about 220 

going to the playground, who likes going to the playground?’, ‘We are going to start today 221 

think about all the different ways we can travel to the playground, Emma how could we travel 222 

to the playground?’ Similar questions were asked in the development section with the 223 

movements that were created often being performed to a rhythm or a beat. ‘Now we are at the 224 
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park why don’t we go on the slide. Let’s start by climbing the ladder, use your arms and legs 225 

to pretend you are climbing a ladder for 8 counts. Ready, I will clap 8 counts and you 226 

pretend to climb; 1, 2, 3 …..’. In these sections, children were encouraged to remember the 227 

movements they created so they could be used in the culminating dance.  228 

 The teacher running the creative curriculum was instructed to use questions that 229 

support exploration a child’s movement solutions and prompts that encourage the generation 230 

of information from features of the task and environment. She was told to avoid providing 231 

explicit instruction and visual demonstration on how to perform a movement. Furthermore, 232 

she was instructed to couple movement with music, and to manipulate beat and tempo to 233 

guide children’s exploratory behaviour. 234 

Choreographed curriculum 235 

The lesson plan, lesson structure, and choreography adopted in the choreography dance group 236 

were the same adopted in and details can be found in (Oppici et al., 2020). In summary, the 237 

choreography was based on a Michael Jackson’s song – Ease on Down the Road – and 238 

included a sequence of approximately 50 movements, some of which were repeated twice. 239 

The choreography combined whole-body movements on the spot and in the space, and new 240 

movements were added in each lesson. Each dance lesson was comprised of approximately a 241 

5-min warm up, 20 minutes of drills, and 30 minutes of choreography practice. Various 242 

movements were included in the drill section, such as marching, skipping, galloping, step 243 

kicking, and chaining. In the delivery of the lesson, the teachers were instructed to limit the 244 

number of demonstrations to a minimum and encouraged children to use previously learned 245 

movement sequences. Specifically, they were instructed to stop demonstrating a movement or 246 

a movement sequence when half of the class was able to perform at least half of a sequence.   247 
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Dance teacher’s training and qualifications  248 

Three professional dance teachers ran the dance classes. The teacher with more experience, in 249 

general and particularly on delivering creative dance (approximately 20 years of experience) 250 

was selected to run the creative curriculum, while the other two less-experienced teachers 251 

(approximately 10 years of experience) rotated in delivering the choreographed dance 252 

curriculum. One of the authors designed the creative dance curriculum and organised a 253 

workshop to explain to the teachers in detail how to provide instructions, pose questions, 254 

encourage children, manipulate music’s tempo and rhythm, to promote children’s exploratory 255 

and creative behaviour. For the choreographed dance curriculum, the two teachers were 256 

already familiar with the lesson content and pedagogy, as they delivered it in Oppici et al. 257 

(2020). 258 

Fidelity to pedagogical approach 259 

To ensure the groups were exposed to the dance environments we had planned for, we 260 

randomly selected and filmed six sessions from each group and assessed teaching pedagogy 261 

and practice volume. The following variables were assessed: time participants spent 262 

practicing a task (time on task), time teachers spent providing instructions (time on 263 

instructions), ‘dead’ time where teachers organised participants in group or participants had a 264 

break (time on other), number of activities with music, number of activities where the teacher 265 

provided counting, and number of activities where teachers provided a visual demonstration.  266 

Furthermore, during the selected lessons three research assistants assessed students’ 267 

collective engagement using the scale described in Reeve, Jang, Carrell, Jeon, and Barch 268 

(2004). The scale included an assessment of participants’ attention, effort, verbal 269 

participation, persistence, and emotional tone. Each variable has a 1 to 7 scale, and the 270 

research assistants were instructed to use the middle number 4 as anchor/starting point and 271 

provide an assessment every 10 minutes, as described in Reeve et al. (2004).  272 
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Outcomes  273 

The measures in this study related to two broad outcomes - executive functions (working 274 

memory capacity, cognitive flexibility and inhibitory control) and motor competence. Details 275 

on testing procedure and analysed variables are comprehensively described in Oppici et al. 276 

(2020). 277 

Executive functions 278 

Executive functions were assessed using three tasks – list sorting working memory, 279 

dimensional change card sort, and Flanker – from the National Institute for Health Toolbox 280 

(NIH Toolbox; www.NIHToolbox.org). The NIH Toolbox is a comprehensive set of neuro-281 

behavioural measurements that quickly assess cognitive, emotional, sensory, and motor 282 

functions from the convenience of an iPad (Gershon et al., 2013), and has well established 283 

validity and reliability for use with children aged 3-15 years (Tulsky et al., 2013; Zelazo et 284 

al., 2013). Under the guidance of a trained member of the research team (1:1), in a quiet 285 

space outside the classroom (e.g. the library), individual children were asked to work through 286 

the three tasks, and the overall assessment lasted for approximately 20 minutes. 287 

Working memory capacity. Working memory capacity was assessed using the list sorting 288 

working memory test which requires participants to maintain visual and auditory information 289 

using a series of pictures of food and animals presented in a random order on the iPad screen. 290 

There are 2 conditions: 1-list and 2-list condition. In the 1-list condition, only one category of 291 

pictures (food or animals) is presented in each series, whereas both picture categories are 292 

presented in the 2-list condition in each series. The child has to verbally list the pictures in 293 

order of size and category once the screen has gone blank, following their presentation on 294 

screen out of order. The 2-list condition is more challenging than the 1-list condition and it is 295 

more likely to show the effect of an intervention (Oppici et al., 2020). The software provides 296 

http://www.nihtoolbox.org/
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an outcome variable for the 1-list and 2-list tasks, and for the overall performance. The 297 

outcome variables consist of the number of correctly recalled and ordered items.    298 

Cognitive flexibility. Cognitive flexibility was assessed using the dimensional change card 299 

sort (DCSS) test. This test requires participants to match two target pictures with a reference 300 

picture by either colour or shape. Prior to the appearance of the reference stimulus, a cue – 301 

shape or colour – appears on the screen indicating the participant what dimension the target 302 

should be matched by. Participants are instructed to choose as quick as possible which of the 303 

two target items matches the dimension indicated by touching the screen with their index 304 

finger. The software provides a performance score, combining a participant’s response time 305 

and accuracy. 306 

Inhibitory control. The Flanker test was used to assess inhibitory control. This test requires 307 

participants to focus on the central arrow appearing on the iPad screen while inhibiting 308 

attention to the arrows flanking it. On congruent trials, all the arrows point in the same 309 

direction, whereas, on incongruent trials, the middle arrow point in the opposite direction of 310 

the other arrows. Participants are instructed to choose as fast as possible one of two buttons 311 

on the screen that corresponds to the direction in which the middle arrow is pointing. The 312 

software provides a performance score, combining a participant’s response time and 313 

accuracy. 314 

Motor competence 315 

Motor competence was assessed using the Canadian Agility and Movement Skill Assessment 316 

(CAMSA; Longmuir et al., 2017), following the procedure published in Oppici et al. (2020). 317 

CAMSA is comprised of 7 tasks – two-feet jumping inside hoops, sliding sideways, catching 318 

and throwing a small soft ball, skipping, one-foot jumping inside hoops, and kicking a ball – 319 

to be completed in sequence as fast and as accurate as possible. Two examiners administered 320 

the test in groups of 10 participants, which were provided with instructions, two 321 
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demonstrations, two practice trials, and two test trials. CAMSA has been shown to be valid 322 

and reliable in 8-12 years-old children (Lander, Morgan, Salmon, Logan, & Barnett, 2017; 323 

Longmuir et al., 2017). 324 

Participants’ completion time and quality of movement were assessed and then 325 

combined to obtain the test score. The time to complete the test was measured from the 326 

examiner’s “start” to a participant’s ball kick, and it was converted to a pre-defined score 327 

(range 1–14). The faster the course completion, the higher the score. The quality of each skill 328 

was scored as either performed (score of ‘1’) or not (score of ‘0’) across 14 reference criteria. 329 

A total score was then computed combining the time and skill scores, and it ranged between 1 330 

and 28 (Longmuir et al., 2017). The best score out of the two test trials was used for the 331 

analysis. 332 

Statistical Analysis 333 

Linear mixed modelling was used to examine the association between group and each 334 

dependent variable – working memory capacity (overall score and 2-list condition score), 335 

inhibitory control, cognitive flexibility and motor competence. Each model included fixed 336 

effects for the intervention group, time point, and their interaction. The model had a random 337 

intercept with subjects as the random variable. Normally distributed random effects for 338 

subject were used to account for the within-subject correlation induced by the repeated 339 

measures experimental design. Residual error was used for all dependent variables. 340 

Likelihood ratio tests were used to test for the significance of the fixed effects (i.e., group, 341 

time and the interaction between group and time). The Likelihood ratio tests were performed 342 

with a Chi-square distribution using the appropriate degrees of freedom for the comparisons 343 

being made. Assessments about the magnitude of effects between groups were based on 344 

linear contrasts of the model’s fixed effects and their p values using the Holm method to 345 

adjust for multiple comparisons (2 comparisons for time effect, and 6 comparisons for 346 
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group*time effect). Standardised effect sizes (d) and 95% confidence intervals were reported 347 

where appropriate to further estimate the magnitude of effects. The assumptions of linearity 348 

and homoscedasticity for the mixed models were checked by inspecting the residual plots, 349 

whilst the assumption of normality was assessed by observing histograms and qq-plots. All 350 

analyses were performed in the R (R Core Team, 2019) language using the lme4 package 351 

(Bates, Maechler, Bolker, & Walker, 2015) for the mixed modelling. Significance was set at 352 

 < 0.05. 353 

Results 354 

Six participants were excluded because they either did not complete the three testing phases 355 

(n = 5) or they left the school (n = 1) during the intervention. Consequently, the final sample 356 

size was 55 participants (choreography dance group n = 27; creative dance group n = 28). 357 

Fidelity to pedagogical approach 358 

The descriptive and inferential statistics for time on activities and student engagement 359 

variables across the two groups are presented in Table 1 and Table 2. The analysis showed a 360 

number of key pedagogical differences. Time on instructions was significantly higher for the 361 

creative dance group (p = 0.01). The creative dance group also experienced significantly less 362 

time participating in activities with music (p =0.01), whilst choreography dance group had 363 

significantly higher number of demonstrations (p = 0.09) and spent significantly more time 364 

on class management (p = 0.05) (Table 1). Overall student engagement was significantly 365 

higher (p=0.02) in the choreography group than the creative dance group. The choreography 366 

dance group also scored higher on all student engagement variables but they did not reach 367 

significance (Table 2).   368 

 369 

**** Please insert Table 1 and Table 2 here **** 370 
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 371 

Working memory capacity  372 

Overall score 373 

The analysis showed a significant effect of time (χ2[2] = 24.4, p < 0.01), and no significant 374 

effect of time*group (χ2[2] = 0.74, p = 0.69), group (χ2[3] = 1.42, p = 0.70) and gender (χ2[1] 375 

= 0.59, p = 0.44). Post hoc showed that improvement was significant between pre and 376 

baseline (p < 0.01, d = 0.59, 95% CL[0.21, 0.98]), and between post and pre (p = 0.04, d = 377 

0.41, 95% CL [0.02, 0.79]). Group pairwise comparison showed a significant improvement 378 

from baseline to pre in the creative dance group only (p = 0.04, d = 0.45) (Table 3 and Figure 379 

2). 380 

2-list condition score 381 

There was a significant effect of time (χ2[2] = 14.3, p < 0.01), and no significant effect of 382 

time*group (χ2[2] = 1.49, p = 0.48), group (χ2[3] = 4.21, p = 0.24) and gender (χ2[1] = 0.04, p 383 

= 0.84). Post hoc showed that improvement was significant between post and pre (p = 0.05, d 384 

= 0.43, 95% CL[0.05, 0.82]), but not significant between pre and baseline (p = 0.11, d = 0.31, 385 

95% CL[-0.07, 0.69]). Group pairwise comparison showed no statistically significant 386 

improvement, but a moderate improvement from post to pre in the choreography dance group 387 

(p = 0.26; d = 0.56) (Table 3 and Figure 2). 388 

Inhibitory control  389 

There was a significant effect of time (χ2[2] = 34.5, p < 0.01), and no significant effect of 390 

time*group (χ2[2] = 0.75, p = 0.69), group (χ2[3] = 0.87, p = 0.83) and gender (χ2[1] = 0.07, p 391 

= 0.79). Post hoc showed that improvement was significant between pre and baseline (p = 392 

0.02, d = 0.46, 95% CL[0.08, 0.85]), and between post and pre (p < 0.01, d = 0.76, 95% 393 
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CL[0.37, 1.14]). Group pairwise comparison showed a moderate significant improvement 394 

from pre to post in the choreography dance group (p = 0.02, d = 0.52) and a small non-395 

significant improvement in the creative dance group (p = 0.058, d = 0.44) (Table 3 and Figure 396 

2). 397 

 398 

**** Please insert Figure 2 here **** 399 

 400 

Cognitive flexibility  401 

The analysis showed no significant effect of time (χ2[2] = 1.95, p = 0.37), time*group (χ2[2] 402 

= 3.78, p = 0.15), group (χ2[3] = 5.62, p = 0.13) nor gender (χ2[1] = 0.04, p = 0.84). Similarly, 403 

group pairwise comparison showed no statistically significant effect (Table 3). 404 

Motor competence  405 

There was a significant effect of time (χ2[2] = 90.7, p < 0.01), and no significant effect of 406 

time*group (χ2[2] = 0.39, p = 0.82), group (χ2[3] = 0.51, p = 0.92) and gender (χ2[1] = 1.80, p 407 

= 0.18). Post hoc showed that improvement was significant between pre and baseline (p < 408 

0.01, d = 1.70, 95% CL[1.30, 2.11]), and between post and pre (p < 0.01, d = 0.69, 95% 409 

CL[0.29, 1.09]). Group pairwise comparison showed a significant improvement from 410 

baseline to pre in both choreography (p < 0.001, d = 0.78) and creative (p < 0.001, d = 0.75) 411 

dance groups; a small significant improvement in the choreography dance group (p = 0.02, d 412 

= 0.22) and a small non-significant improvement in the creative dance group (p = 0.11, d = 413 

0.23) from pre to post (Table 3 and Figure 3). 414 

 415 

**** Please insert Figure 3 here **** 416 
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**** Please insert Table 3 here **** 417 

 418 

Discussion 419 

This study examined how a creative dance curriculum, compared to a choreographed dance 420 

curriculum with high cognitive challenge, influenced children’s development of the three 421 

executive functions. It was hypothesised that the creative dance group would enhance all 422 

three executive functions, whilst the choreography dance group would only display enhanced 423 

working memory capacity. The results partially supported this hypothesis. Both groups 424 

improved inhibitory control and working memory capacity (only the high-challenging 2-list 425 

condition) beyond typical development (i.e., control period), but did not improve cognitive 426 

flexibility. A closer inspection of the results suggests that only the choreography-dance group 427 

improved working memory capacity. Group difference was less apparent than hypothesised; 428 

nonetheless, there was a trend for greater improvements for the choreography group for both 429 

inhibitory control and working memory capacity. Furthermore, motor competence was 430 

hypothesised to improve in both groups, with an enhanced improvement for the creative 431 

dance group. This hypothesis was rejected, as motor competence showed lower improvement 432 

in the intervention than baseline. Taken together, these results, as opposed to our initial 433 

prediction, showed that a choreographed dance curriculum provided enhanced benefits 434 

beyond typical development for improving executive functions (inhibitory control and 435 

potentially working memory capacity) relative to a creative dance curriculum. 436 

When interpreting these results, it is important to first consider that the actuated 437 

pedagogy did not entirely correspond to the planned pedagogy in the creative dance group: 438 

instructions were intended to set out the theme of each class and encourage children to 439 

explore and discover creative movements, and music was meant to accompany and guide the 440 

exploratory process. However, Table 2 shows that the teacher spent a large amount of time 441 
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giving instructions (more than expected) and only a minimal part of the activities was 442 

performed with music. A consultation with the creative dance teacher revealed that she had to 443 

continuously recall children’s attention to keep them focused on the task, and task 444 

instructions had to be repeated several times. While instructional constraints have been 445 

shown to promote releasing of movement degrees of freedom, thus creativity (Haught-446 

Tromp, 2017; Torrents et al., 2020; Torrents et al., 2015), in this study instructions probably 447 

constrained and limited the emergence of creative movement. Furthermore, the teacher felt 448 

that music distracted children, so she had to keep it to a minimum. This took time away from 449 

actual practice, and likely reduced children’s exploratory behaviour coupled with music. It is 450 

also worth highlighting that students’ engagement in the creativity dance group was lower 451 

than the choreography dance group (Table 1). This might have been because the creative 452 

dance pedagogy was new to children, which may have been unsettling. These aspects likely 453 

influenced the observed results and should be considered when interpreting the findings. 454 

Despite this issue in delivering the planned pedagogy, this RCT is still valuable, as most 455 

importantly the two dance groups had a similar practice volume (i.e. time on task) which 456 

makes the two interventions comparable. 457 

The results showed that inhibitory control improved during the intervention period 458 

beyond typical development, and the pairwise comparison showed that improvement was 459 

slightly higher in the choreography dance group than the creative dance group (Table 3 and 460 

Figure 2). The young participants’ age and the structure of the dance interventions may 461 

explain these results. In fact, children in both groups were encouraged to inhibit stimuli from 462 

other children and follow the teachers’ instructions. From a developmental perspective, the 463 

three executive functions have been found to develop at different rates during children’s 464 

development, with inhibition being the first to be fully developed and this is the likely reason 465 

we observed inhibitory control but not the other executive functions (Best & Miller, 2010; 466 
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Pesce et al., 2016). Supporting this, in Oppici et al. (2020), older participants (8-10 years old) 467 

did not improve inhibitory control following the same dance intervention. The developmental 468 

trajectory for inhibitory control was steeper for both dance curriculums during the 469 

intervention period suggesting that the two pedagogies enhanced inhibitory control 470 

development for children aged 6 years old (Figure 2). Whilst it is difficult to pinpoint the 471 

mechanism responsible for this change, it is proposed that it was due to the emotional 472 

investment required for these young children to self-regulate their emotions in an effort to 473 

adapt to their new environment (i.e., dance lessons, and teacher’s expectations and rules); 474 

acclimatising to the choreography dance group appeared to be effective because the group 475 

scored higher on all elements of the student engagement scale which, included emotional tone 476 

(Reeve et al., 2004). According to Diamond (2016), self-regulation overlaps substantially 477 

with inhibitory control, but does not overlap with working memory or cognitive flexibility. 478 

The adoption of self-regulation into inhibitory control emphasises that cognition is best 479 

conceptualised as embedded in the body-mind-environment dynamics, and skills emerge 480 

through the development of a learner’s deeper, more integrated relationship with their 481 

environment (Araújo, Davids, & Hristovski, 2006; Button, Seifert, Chow, Araújo, & Davids, 482 

2020; Warren, 2006).  Within this behavioural ecosystem, emotional engagement is defined 483 

as a “hot” element of executive function that mobilises children’s self-organisation 484 

tendencies to solve motivationally significant problems (Adolph, 2020; Harms, Zayas, 485 

Meltzoff, & Carlson, 2014; Rudd, Pesce, Strafford, & Davids, 2020; Zelazo & Carlson, 486 

2012).  487 

As opposed to our initial hypothesis, working memory capacity did not statistically 488 

improve in any of the groups. However, a closer inspection of the results suggests that some 489 

improvement was starting to appear within the choreography dance group. There was a time 490 

effect between pre and post but not a significant effect between baseline and pre, and while 491 
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not statistically significant the choreography dance group showed a moderate improvement in 492 

the 2-list condition score, which was the most demanding task for working memory capacity 493 

(this trend can be appreciated in Figure 2). This offers weak support for previous research 494 

which adopted the same dance intervention (Oppici et al., 2020), suggesting that the process 495 

of learning a dance sequence by retaining and actively using goal relevant information during 496 

movements seems to place large demands on working memory, and therefore may enhance 497 

working memory capacity. However, both in this study and Oppici et al. (2020), 498 

improvement in working memory capacity did not statistically differ between experimental 499 

groups. In both studies, the intervention lasted for 8 weeks, and statistically significant 500 

difference to other dance or PE interventions may start to appear later down the track. Future 501 

research should examine this issue in longer interventions that last for at least a half school 502 

year (i.e., 4 to 6 months). 503 

The creative intervention was hypothesised to increase working memory capacity by 504 

encouraging the children to explore new movement solutions, rather than repeating 505 

previously learnt movements.  However, the results did not support this hypothesis. This may 506 

be partly explained by the limited adopted pedagogy, as previously mentioned. The teacher 507 

continuously providing instructions might have limited the children’s ability to sustain and 508 

actively use goal relevant information, and the limited use of music might have de-coupled 509 

perception and action, thus restricting exploratory behaviour. Furthermore, recent research 510 

has shown that the manipulation of working memory load did not affect the search or 511 

execution of either creative convergent and/or divergent movements (Moraru, Memmert, & 512 

van der Kamp, 2016; Orth, McDonic, Ashbrook, & van der Kamp, 2019). This opens up 513 

interesting avenue for future research to examine whether a creative curriculum with the 514 

addition of remembering movement sequences may load working memory and, in turn, 515 

improve working memory capacity. 516 
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The aforementioned results provide new insights into the efficacy of coupling 517 

exercise with learning a movement skill to promote the development of working memory 518 

capacity (Moreau et al., 2015; Pesce, 2012). Dance has been suggested to provide a suitable 519 

context to apply key training aspects (i.e., complexity, diversity and novelty) into learning 520 

environments for children and enhance working memory capacity (Tomporowski & Pesce, 521 

2019). While future research is needed to confirm and strengthen the observed results, this 522 

study combined with Oppici et al. (2020) suggest that improvement in working memory 523 

capacity is driven by retaining movement sequences as opposed to simply dancing. In both 524 

studies, the task of simultaneously performing a dance choreography whilst maintaining 525 

movement sequences was most effective. An important question is whether the load placed 526 

on working memory when learning new movements needs to be task relevant (as in this 527 

study) or can be task irrelevant (e.g., counting numbers or answering irrelevant questions 528 

whilst learning a movement). In accordance with the embodied perspective of cognition 529 

(Chemero, 2009; Thompson & Varela, 2001), we expect that working memory capacity 530 

improvements are heightened when the working memory load is task relevant. Indeed, we 531 

hypothesise that working memory capacity might best improve when cognition (and 532 

strategies to load working memory) are embedded in the dynamic interaction between 533 

performer-environment-task. While we are speculating and results of this study and Oppici et 534 

al. (2020) are not clear cut, this certainly opens an interesting avenue for future research. 535 

Neither group showed changes in cognitive flexibility as was the case in Oppici et al. 536 

(2020) dance study. On a review of factorial structures of executive functions, it seems that 537 

children’s executive functions load consistently onto two constructs (working memory and 538 

inhibitory control; Hughes, Ensor, Wilson, & Graham, 2009; St Clair-Thompson & 539 

Gathercole, 2006; Wiebe et al., 2011), whilst in adults onto three constructs (working 540 

memory, inhibitory control, and cognitive flexibility; Lehto, Juujärvi, Kooistra, & Pulkkinen, 541 
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2003; Miyake et al., 2000). This aligns with our findings that improvement in cognitive 542 

flexibility is not present either in this cohort of young children or the older cohort found in 543 

Oppici et al. (2020). This does not mean cognitive flexibility should be ignored in children, as 544 

the ability to adapt behaviour to changes in the environment is important (Diamond, 2016). 545 

Instead, future research should aim to design interventions that directly challenge this 546 

executive function by requiring learners to continuously switch between tasks. For example, 547 

principles of nonlinear pedagogy can guide the design of a suitable learning environment and 548 

promote high movement variability, active problem-solving, decision-making and exploration 549 

of innovative movement solutions (Chow et al., 2007). 550 

Contrary to prediction, the two dance interventions did not promote development of 551 

motor competence beyond the control period. It was actually the other way around (Figure 3). 552 

Furthermore, the two groups showed a similar small improvement during the intervention. 553 

While previous research suggested that learning a dance choreography may improve motor 554 

competence (results were not statistically significant, Oppici et al., 2020) and we 555 

hypothesised that the creative curriculum would have further enhance motor competence 556 

(Richard, Lebeau, Becker, Boiangin, & Tenenbaum, 2018), the results showed the opposite. 557 

The aforementioned issues in adopting the planned pedagogy and a potential practice-testing 558 

effect (as observed in Oppici et al., 2020) makes the interpretation of these results quite 559 

difficult. Different explanations are possible: the limited amount of practice volume in both 560 

groups (25 to 30% of time on task) did not provide enough movement opportunities, the 561 

creative curriculum might have enhanced motor competence if adopted as planned, a 562 

practice-testing effect biased and boosted results in the control period, or a combination of 563 

them. Future research is required to clarify whether dance is a suitable activity for improving 564 

motor competence. One option is a careful task analysis to identify age appropriate challenge 565 

of the intervention curriculum design. Secondly, the development of pedagogy based on 566 
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motor learning theory would enable investigations of emergent behaviours and the challenge 567 

point from an embedded cognition perspective (Rudd et al., 2020). Future research also needs 568 

to take into account the validity of tests used to assess motor competence. CAMSA is 569 

validated for 8 years-old and above children and, while the test seems to be valid for this 570 

study (i.e., there was not any floor or ceiling effect), future research is recommended to 571 

examine its sensitivity, specificity and feasibility in 6-7 year old children. 572 

This study presents some limitations worth mentioning. As previously discussed, the 573 

adopted pedagogy in the creative dance group did not reflect the planned pedagogy, likely 574 

influencing the results. Assessment of the groups’ pedagogy fidelity was carried out in the 575 

second half of the intervention period, which did not leave room for adjustment of unplanned 576 

events (e.g., too many teacher’s instruction). Future research should perform fidelity check in 577 

the early phase of an intervention and promptly intervene if the pedagogy does not match 578 

with the planned one. Furthermore, we did not control the physical activity children 579 

performed outside of school. They were instructed and regularly reminded to refrain from 580 

engaging in dance activities, but we did not record whether children participated in other 581 

sports outside of school, which might have confounded the results. Lastly, while only visuo-582 

spatial working memory was assessed, it would be important to measure both visuo-spatial 583 

and verbal working memory in future assessments of executive function. 584 

Another important consideration for future research is the development of 585 

ecologically valid assessment tools. While we used validated tools, we acknowledge that the 586 

NIH Toolbox is somewhat detached (i.e., I-Pad- based in the classroom) to the practice 587 

environment where the executive functions are predicted to develop. This may create an issue 588 

of transfer from practice to the test environment, and the development of executive functions 589 

may not be fully captured. Currently, tools for assessing executive functions lack ecological 590 

validity from an embodied cognition perspective. Future research should develop 591 
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ecologically valid assessment tools for a proper embodied-embedded assessment of executive 592 

functions.   593 

Conclusions 594 

This study compared the efficacy of learning a dance choreography and practicing creative 595 

dance on improving executive functions and motor competence in 6-8 years old children, 596 

providing new insights into the exercise-cognition relationship. Regardless of the shifts in 597 

intervention design, both dance curriculums improved inhibitory control, while only the 598 

choreographed curriculum showed small signs of improvement for working memory 599 

capacity. This study supports previous research (Oppici et al., 2020), showing that dance is 600 

indeed a suitable activity to promote the development of executive functions in primary 601 

school children. Importantly, these studies seem to suggest that retaining movement 602 

sequences during dance may be the main driver of working memory capacity improvement. 603 

Contrary to prediction, the dance interventions did not boost improvement in motor 604 

competence. This and the results on executive functions have been likely influenced by the 605 

discrepancy between the planned and the adopted pedagogy in the creative curriculum, which 606 

resulted in a higher-than-planned amount of instruction to children and a lower-than-607 

predicted volume of practice with music. Therefore, the results of this study should be 608 

interpret with a degree of caution. This study also showed that the fidelity to the teaching 609 

pedagogy required of a creative curriculum design presents a challenge for teachers, 610 

regardless of their experience. Future research should explore the influence different aspects 611 

of a dance curriculum have on executive functions by examining implementation factors 612 

through an extensive process evaluation, which plans for quality checks and subsequent 613 

adjustments to be made during the training to ensure fidelity of a contemporary pedagogical 614 

approach.  615 

 616 
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Table 1 Groups’ engagement during the dance classes. 

 Creative dance 

group 

Choreography dance 

group 

Difference (p value) 

Attention 4.4 ± 0.8 4.5 ± 1.3 3% (0.83) 

Effort 4.9 ± 0.6 5.3 ± 0.6 8% (0.17) 

Verbal participation 5.0 ± 0.6 5.7 ± 0.7 13% (0.06) 

Persistence 4.8 ± 0.7 4.8 ± 0.9 1% (0.87) 

Emotional tone 4.9 ± 0.8 5.4 ± 1.0 12% (0.18) 

Overal Student engagment  4.8 ± 0.2 5.1 ± 0.4 6% (0.02) 
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Table 2 Time on different activities, number of activities with music, counts and 

demonstrations expressed as percentage. 

 Creative dance 

group 

Choreography dance 

group 

Difference (p value) 

Time on task (%) 24 ± 8 28 ± 3 15% (0.42) 

Time on instructions (%) 42 ± 6 17 ± 8 85% (0.01) 

Other (organising groups, observing 

other students, drinking, “dead” 

time) (%) 

34 ± 13 55 ± 8 47% (0.04) 

Activities with music (%) 7 ± 8 89 ± 11 170% (<0.01) 

Activities with counts (%) 46 ± 46 2 ± 4 183% (0.15) 

Activities with demonstrations (%) 18 ± 10 32 ± 7 56% (0.09) 
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Table 3 Outcomes of working memory capacity, inhibitory control, cognitive flexibility and motor competence among the 2 dance groups are 

presented along with baseline, pre and post improvements.  

  Baseline Pre Post Baseline vs Pre Pre vs Post 

Working Memory 

Total Score (a.u.) 

Choreography 11.0 ± 4.7  12.1 ± 3.5 13.3 ± 2.9  p = 0.40; d = 0.26 p = 0.24; d = 0.41 

Creative  10.2 ± 3.7  11.8 ± 3.4 12.4 ± 2.7  p = 0.04; d = 0.45 p = 1.00; d = 0.12 

Working Memory 

2-List Condition 

Score (a.u.) 

Choreography 4.2 ± 1.9  4.3 ± 1.9 5.2 ± 1.6  p = 1.00; d = 0.05 p = 0.26; d = 0.56 

Creative  3.1 ± 2.1  4.0 ± 2.1 4.4 ± 1.9  p = 0.26; d = 0.42 p = 0.76; d = 0.20 

Flanker Task (a.u.) Choreography 78.6 ± 11.0  81.7 ± 9.6 86.6 ± 8.7  p = 0.21; d = 0.34 p = 0.02; d = 0.52 

Creative  80.3 ± 9.7  82.5 ± 8.7 86.4 ± 8.8  p = 0.45; d = 0.24 p = 0.058; d = 0.44 

DCSS (a.u.) Choreography 88.4 ± 6.6  87.6 ± 7.1 87.9 ± 9.3  p = 1.00; d = 0.16 p = 1.00; d = 0.04 

Creative  82.1 ± 15.0  85.6 ±9.7 85.7 ± 4.0  p = 0.27; d = 0.27 p = 1.00; d = 0.04 

CAMSA (a.u.) Choreography 12.8 ± 3.9  16.0 ±4.4 17.5 ± 4.7  p < 0.01; d = 0.78 p = 0.02; d = 0.22 
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Creative  12.5 ± 4.5  15.8 ± 3.9 16.9 ± 4.5  p < 0.01; d = 0.75 p = 0.11; d = 0.23 

p values are corrected for multiple comparisons using Helm methods and significance is set at  = 0 
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Figure 1 Schematic of study design. 
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Figure 2 Groups’ improvements in working memory total score (A) and 2-list score (B), and 

inhibitory control (C) are shown across the three time points. α represents a significant 

change (p < 0.025); * and ** represent small and moderate effect sizes respectively. 
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Figure 3 Groups’ improvement in motor competence in the CAMSA test is shown across the 

three time points.  represents a significant change (p < 0.025); * and ** represent small and 

moderate effect sizes respectively. 

 


