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ABSTRACT 
 
 

1 Background: Growing up in areas of high deprivation can negatively impact children's 
 

2 movement behaviours and cognitive development. Enhancing the quantity and quality of 
 

3 children's movement experiences is believed to enhance cognitive development. This study 
 

4 investigated the association of three different modes of movement assessment, movement 
 

5 proficiency and divergent movement ability (collectively understood as motor competence) 
 

6 and PA dose with executive function in a low socio-economic demographic. Demographics, 
 

7 motor competence, and a combination of motor competence and physical activity were 
 

8 hypothesised to be significantly predictor of executive functions. Method: In this cross- 
 

9 sectional study, 360 children aged 5-6 years from deprived areas were assessed using three 
 

10 movement assessments: wrist-worn accelerometery for physical activity dose, Test of Gross 
 

11 Motor Development-3 for movement proficiency, and divergent movement assessment. 
 

12 Executive function, including inhibitory control, working memory, and cognitive flexibility, 
 

13 was measured using the NIH Toolbox on an iPad. Multiple linear regression models were 
 

14 designed to evaluate the independent and combined association of demographics, movement 
 

15 competence and physical activity variables with executive function. Results: The regression 
 

16 analysis, with demographic factors only, explained 12% of EF variance (r2 = 0.12 95%CI 0.06- 
 

17 0.18). In addition to this demographics the model with divergent movement explained 19% of 
 

18 EF variance (r2= 0.19 95% CI = 0.12-0.28), the model with movement proficiency explained 
 

19 16% of EF variance (r2= 0.16 95% CI = 0.08-0.26) and the model with PA dose explained 13% 
 

20 of EF variance (r2= 0.13 95% CI = 0.07-0.20). In these models both divergent movement and 
 

21 proficiency were significant predictors, whilst physical activity variables were not. The final 
 

22 models, combining motor competence and physical activity variables, explained 24% and 23% 
 

23 of EF variance (r2= 0.24 CI = 0.14-0.33 and r2= 0.23 CI = 0.14-0.32). In these models, motor 
 

24 competence variables were significant predictors, and only vigorous physical activity and 



1 Euclidean Norm Minus One emerged as significant PA dose predictors. Discussion: These 
 

2 findings emphasise that motor competence and physical activity variables better predict 
 

3 executive functions when they are combined. When considered individually both motor 
 

4 competence variables were significant predictors of executive function whilst physical activity 
 

5 variables were not. Importantly, among the two movement competence facets, divergent 
 

6 movement assessment exhibited the strongest association with executive function. Future 
 

7 interventions should consider how to facilitate both movement and cognitive development in 
 

8 children. Future interventions should consider both the interplay of movement quality and 
 

9 quantity and the importance of environments that invite children’s exploratory movement 
 

10 behaviour. 
 
 

11 Key Words: cognition, movement competence, divergent movement capability, executive function, 
 

12 physical activity, measurement 
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children's movement experiences is believed to enhance cognitive development. This study 
 
investigated the association of three different modes of movement assessment, movement 

proficiency and divergent movement ability (collectively understood as motor competence) 

and PA dose with executive function in a low socio-economic demographic. Demographics, 

motor competence, and a combination of motor competence and physical activity were 

hypothesised to  be significantly  predictor of executive functions.  Method:  In this  cross- 

sectional study, 360 children aged 5-6 years from deprived areas were assessed using three 

movement assessments: wrist-worn accelerometery for physical activity dose, Test of Gross 

Motor Development-3 for movement proficiency, and divergent movement assessment. 

Executive function, including inhibitory control, working memory, and cognitive flexibility, 

was measured using the NIH Toolbox on an iPad. Multiple linear regression models were 

designed to evaluate the independent and combined association of demographics, movement 

competence and physical activity variables with executive function. Results: The regression 

analysis, with demographic factors only, explained 12% of EF variance (r2 = 0.12 95%CI 0.06- 
 

0.18). In addition to this demographics the model with divergent movement explained 19% of 
 
EF variance (r2= 0.19 95% CI = 0.12-0.28), the model with movement proficiency explained 
 
16% of EF variance (r2= 0.16 95% CI = 0.08-0.26) and the model with PA dose explained 13% 

of EF variance (r2= 0.13 95% CI = 0.07-0.20). In these models both divergent movement and 

proficiency were significant predictors, whilst physical activity variables were not. The final 

models, combining motor competence and physical activity variables, explained 24% and 23% 

https://www2.cloud.editorialmanager.com/pse/viewRCResults.aspx?pdf=1&docID=6855&rev=1&fileID=120025&msid=bf356761-2491-4385-b411-9718e42eb688
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competence variables were significant predictors, and only vigorous physical activity and 
 
Euclidean Norm Minus One emerged as significant PA dose predictors. Discussion: These 

findings emphasise that motor competence and physical activity variables better predict 

executive functions when they are combined. When considered individually both motor 

competence variables were significant predictors of executive function whilst physical activity 

14 variables were not. Importantly, among the two movement competence facets, divergent 
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movement assessment exhibited the strongest association with executive function. Future 
 
interventions should consider how to facilitate both movement and cognitive development in 

children. Future interventions should consider both the interplay of movement quality and 

quantity and the importance of environments that invite children’s exploratory movement 

behaviour. 

 

Key Words: cognition, movement competence, divergent movement capability, executive function, 
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1 INTRODUCTION 
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2 
Child poverty is multidimensional and encompasses more than just material and economic 
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deprivation; it also leads to educational poverty and developmental deprivation (Save the 

Children, 2016). Nurturing and protecting children's brain development is crucial (Luby, 2015), 

however growing up in disadvantaged communities negatively affects the growth of neural 

networks and related academic and development outcomes (Hair et al, 2015). Recent evidence 

emphasises how the motor cortex that coordinates complex movements is strongly connected 

with other parts of the brain responsible for goal-driven action planning, critical thinking, and 

other tasks such as regulating blood pressure and pain (Gordon, Chauvin, Van., et al, 2023). 

These core functions are termed executive functions and they are a key aspect of neural 

development in childhood, that enable complex processing, inhibiting responses, manipulating 

information, and shifting attention (Diamond, 2013). Living in areas of high deprivation is 

associated   with   poorer   performance   of   certain   executive   functions,   reduced   overall 

development and health outcomes (Rakesh et al., 2021; Diamond 2014; Blair 2002, Blair & 

34 Razza 2007; Rosen et al., 2020; Cortes Pascual et al., 2019). Environmental inequalities in 
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deprived areas of Western countries can also result in reduced physical activity (PA) due to 
 
fewer opportunities for children to be active, and have been shown to increase time spent 

engaging in sedentary activities (Noonan, et al., 2017; Strife & Downey, 2009). The negative 

impacts of poverty on cognitive development and PA could be intertwined, with a substantial 

body of literature suggesting that PA may benefit cognitive development (Donnelly et al., 

2016). However, recent reviews and meta-reviews reveal inconsistent conclusions of the 

beneficial effect of PA interventions on cognition (Singh et al., 2019; Wassenaar et al., 2020); 

highlighting the need to understand whether these inconsistencies result from specific 

moderators of the PA-cognition relationship (Lubans et al., 2021; Ludyga et al., 2020; Pesce et 

al., 2021). 
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1 Among individual, task, and context-related moderators (Pesce et al., 2021), research 
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about PA and cognition has emphasized the importance of PA dose (volume [frequency, 
 
duration] and intensity) across the lifespan (Erickson et al., 2019; Lubans et al., 2016; Hillman 

et al., 2009) and specifically in childhood (Donnelly et al., 2016). In this literature, PA dose 

often refers to quantitative parameters of exercise, a subset of planned, structured, and 

repetitive PA, and its physical fitness outcomes, defined as health or skill-related attributes 

14 (Caspersen et al., 1985). The heterogeneity in dose parameters limits the ability to draw general 
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conclusions on the optimal dose for enhancing cognition (Erickson et al., 2019). No single 
 
exercise parameter seems to result in simple dose-response relationships, but rather reciprocal 

relationships between different dose parameters emerges (Ludyga et al., 2020). Understanding 

the relationship between PA dose and cognition in children may be limited by the focus on PA 

dose or intensity, and the neglect of other important movement qualities that might provide 

insight into executive function activation and development. In contrast to children living in 

deprived areas of Western countries, who exhibit low levels of PA (Noonan et al., 2017), there 

is some evidence from low-income settings in developing countries showing children engaging 

36 in high amounts of PA but mostly low-intensity, free-living PA, and active commuting (e.g., 
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Cook et al., 2021; Craig et al., 2013). These high amounts of low-intensity free-living PA do 
 
not appear to benefit cognition and are even negatively related to executive function (Cook et 

al., 2019) and related self-regulation skills (Cook et al., 2019). Therefore, the PA-executive 

function relationship in children appears to be more complex due to the moderation by socio- 

economic status, PA level, intensity, type, and quality. 

 

It is possible that the inconsistency in conclusions regarding the relationship between 

PA dose and cognition is not only due to moderators that constrain the generalisability of results 

but also to the PA constructs that are investigated. A common device-based measure often 

employed in these studies to measure PA is accelerometry. The most prevalent method of 
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1 accelerometer data analysis is to classify accelerations into different PA intensities (e.g., 
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sedentary, light, moderate, vigorous) using thresholds or cut-points (Rowlands et al., 2019). To 
 
avoid solely focusing on the number of minutes spent in moderate-vigorous PA (MVPA), 

intensity gradient and average acceleration have recently been proposed as novel metrics that 

may indicate the intensity distribution of PA across a 24-hour day. This method demonstrates 

whether volume and intensity have independent or interactive effect on a variable under 

14 investigation (Rowlands et al., 2019). Investigating average acceleration and intensity gradient 
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could help understand  whether PA volume (i.e., average acceleration) or the interaction 
 
between PA volume and intensity (i.e., intensity gradient) are associated with executive 

function (Ludyga et al., 2020). 

 

An alternative perspective suggests that the beneficial adaptations for healthy brain 

development during childhood are not mainly driven by a threshold of PA quantity, but rather 

by the degree of control and effort exerted by brain processes during movement tasks (Best, 

2010; Pesce, 2012). Emotional investment and complexity of the task dynamics are proposed 
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15 to be key features of children’s PA to manipulate the required challenge to support brain 

 

16 

 

development through 'higher-order' control (Diamond & Ling 2019; Tomporowski & Pesce 

 

17 

 

2019). Tomporowski and Pesce (2019) suggested that the cognitive effort required during skill 

 

18 
 

acquisition, independently or in combination with the level of physical effort, is an essential 

 

19 
 

mechanism explaining the cognitive benefits of PA. The hypothesis of a motor skill acquisition 

 

20 
 

mechanism shifts the focus toward motor competence, which has been shown to be strongly 

 

21 
 

associated with cognitive development in children aged 4-12 years (Van der Fels et al., 2015; 
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Zeng et al., 2017). 
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23 Motor competence is typically defined as the proficient performance of fundamental 
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movement skills (Bardid & Utesch, 2018). Its measurement mainly consists of predefined 
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fundamental movement skill patterns that children must reproduce (Hulteen et al., 2020, Bolger 
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1 et al., 2020In the widely used Test of Gross Motor Development-3 (TGMD), children's 
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locomotor and object control skills are assessed using 13 different activities (Ulrich, 2013). In 
 
the TGMD, a point scoring system identifies the position of body parts at different stages of a 

skill. A child is measured against how well they conform to the optimal movement template of 

each skill in isolation, in a closed environment, based on the verbal and visual example 

provided by a trained instructor (Ulrich, 2013). 

 

To move beyond the conventional view of movement as decontextualized fundamental 

movement skills, it is essential to consider alternative forms of movement assessment that focus 

on how a child interacts with the task and the environment, rather than reproducing a predefined 

movement pattern (Hulteen et al., 2022). Such an ecological perspective of movement 

assessment would not prescribe a movement; instead, it would standardize an informationally 

rich task and environment in which children explore functional outcomes (Rudd et al., 2020; 

Adolph, 2019). This approach reflects how children typically play and captures motor 

proficiency as an adaptive process, where a child explores the movement solutions that a task 

offers and adapts their movement to changes in the environment. An exploratory movement 

task could also develop an understanding of cognition as part of an active system adapting to 

constant change (Adolph, 2019; Raja, 2019). This approach to movement assessment – termed 

'divergent movement' assessment - focuses on executive functions' involvement in behavioural 

44 
adaptability and flexibility when diverging from habitual behaviours and routines (Hulteen et 

45 
46 

47 20 
48 

 

49 

al., 2023; Pesce et al., 2021; Tocci et al., 2022). 
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The aim of this study was to investigate, in children living in disadvantaged areas, the 

 
relationship between three assessments of movement quantity and quality: PA dose, 

reproduction of fundamental movement skills (movement proficiency), exploration and 

production of divergent movement solutions in an exploratory movement task and executive 

functions (inhibitory control, working memory, and cognitive flexibility). Specifically, 
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1 according to previous literature (Last et al., 2018, Wade et al., 2022), we examined how 
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demographic factors are associated with EF in this specific cohort, and a significant association 
 
is hypothesized. Second, we investigated the association of each individual predictor (PA dose, 

movement proficiency, exploration and production of divergent movement solutions) with EF. 

Children's exploratory and divergent movements are hypothesized to demonstrate a stronger 

association than fundamental movement proficiency or PA dose with children's EF. Lastly, we 

14 examined  how  the  combination  of  PA  and  motor  competence  variables  predict  EF, 
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hypothesizing a significant added value when these predictors are combined. 
 

 

This study is novel for two reasons. First, is an extension of movement assessment that, 

along with PA dose and motor proficiency, encompasses a measurement of a child's exploration 

of divergent movement solutions. Secondly, we aim to fill a gap in the literature regarding 

children growing up in poverty, which mostly considers the negative consequences of these 

disadvantages for PA levels (Chang & Kim, 2017), motor competence (Barnett et al., 2016), 

and executive function (Haft & Hoeft, 2017) in isolation, largely neglecting their interrelation 

with few exceptions (e.g., Cook et al., 2019). 

 

By adopting this approach, researchers and practitioners may be better equipped to 

identify the unique contributions of different movement aspects to cognitive development in 

children living in disadvantaged areas. This understanding could inform interventions aimed at 

promoting cognitive development and overall well-being in these populations. Additionally, 

the ecological  approach  to  movement  assessment  may provide  a more comprehensive and 
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accurate picture of the complex relationship between movement and cognitive development, 
 
allowing for more effective, tailored interventions that target both cognitive and motor skill 

development. 
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1 METHOD 
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3 2 Design 
4 
5 This cross-sectional study utilised baseline data (collected between January and February 2018) 
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from the SAMPLE-PE Randomized Controlled Trial (Rudd et al., 2020), which investigated 
 
how pedagogical approaches in primary physical education could support various aspects of 

physical literacy in children aged 5-6 years old. The trial is registered at ClinicalTrials.gov 

(identifier:  NCT03551366) and  received  institutional  research  ethics  committee approval 

(Reference 17/SPS/031). 

Participants 
 
A total of 360 children (5.95 ± 0.3 years old; 55% female) were recruited from 12 eligible 

government-funded primary schools in a large city in North West England. This sample size 

was calculated for the broader project SAMPLE-PE (for details, see Rudd et al., 2020), and it 

provides an adequate statistical power for the design, analysis, and expected effect sizes of this 

current study. Previous literature with a design and analysis similar to the current study showed 

a small-to-moderate association of physical activity and motor proficiency with executive 

functions, with shifting showing the smallest association (r2 = 0.181; ∆r2 = 0.031) (Cook et al., 

2019). A-priori sample size calculation with α = 0.05 and power (1 – β) = 0.80 revealed that 
 
293 participants were required to detect such small association (f2 = 0.038), also in line with a 

44 recent umbrella review of RCTs showing small effects of PA on executive functions (Ciria et 
45 
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48 
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al., 2023). 
 

Each school was ranked within the most deprived tertile for the English population, 

based on the schools' postcode as ranked by the 2015 English Indices of Deprivation index 

(Gov.UK, 2018). After an information meeting with the research team, where headteachers 

were provided with an in-depth overview of the project, gatekeeper consent was obtained for 

recruitment  and  data  collection.  Year  1  children  (aged  5-6  years)  were then  invited  to 
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1 participate in the study via a parent/carer and child invitation pack, which included information 
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sheets, parental consent forms, parent and child characteristics questionnaires, child medical 
 
information forms, and child assent forms. If information gathered from parents indicated that 

children had special education needs (SEN), this was verified by the class teacher. Children 

who did not return consent and assent forms, signed by both the parent and child, respectively, 

were excluded from all assessments. Additionally, children who were unable to participate in 

14 Physical Education (e.g., due to medical conditions) were excluded from data analysis. 
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Assessments 
 
Cognitive Functions 

 
The NIH Toolbox is a comprehensive set of neuro-behavioural measurements that assess 

executive functions using an iPad and has well-established validity and reliability for use with 

children aged 3-15 years (Weintraub et al., 2013). The first author and an independent research 

assistant who helped collect the data completed the online training videos provided by 

Northwestern University for each of the NIH Toolbox assessments. To evaluate the three 

components of executive function, the first author and the independent research assistant 

36 worked one-on-one with each child in a quiet space outside the classroom (e.g., library). Each 
37 
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52 

child was asked to complete three age-appropriate activities from the NIH Toolbox, lasting 
 
approximately 15 minutes in total (Northwestern University, 2018). 

 
Inhibitory Control: Assessed using the Flanker Test, which required the child to focus 

on the central arrow appearing on the iPad screen while inhibiting attention to the arrows on 

either side of the centre. On congruent trials, all arrows point in the same direction, while on 

incongruent trials, the middle arrow points in the opposite direction of the other arrows. The 

53 
child was instructed to choose one of two buttons on the screen that corresponded to the 

54 
55 

56 24 
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58 25 

direction in which the middle arrows were pointing as quickly as possible. The child performed 
 
four practice trials and 20 trials in the test. The software recorded the child's response accuracy 
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1 (i.e., number of correct responses) and response time (from stimulus appearance to a button 
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being pressed), combined them, and provided an arbitrary outcome measure, which ranged 
 
from 0 to 10. The software computed the score using a 2-vector scoring method (vectors ranged 

from 0 to 5 in both accuracy and response time) and considered accuracy first; if accuracy level 

was less than, or equal to, 80% (i.e., vector = 4), the outcome measure was equal to the accuracy 

score. When accuracy was higher than 80%, reaction time and accuracy were combined. 

14 Working Memory: Assessed via the List Sorting Task, which required a child to 
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memorise, manipulate, and recall a series of pictures of animals and food presented on the iPad 
 
screen. At the end of each series, a blank screen appeared, and the child was required to verbally 

list the pictures in order of size, from smallest to largest. There were two conditions: 1-list and 

2-list condition. In the 1-list condition, only one category of pictures (food or animals) is 

presented in each series, whereas both picture categories are presented in the 2-list condition in 

each series. In each condition, the number of pictures increased with each series to 

progressively overload a child's working memory. Prior to the test, participants performed 10 

practice trials before each condition. The software provided an outcome variable of the number 

36 of correct recalls. 
37 
38 

39 17 
40 

41 18 
42 
43 

44 19 
45 

Cognitive Flexibility:  Assessed through  the Dimension  Change Card  Sort,  which 

 
required the child to match two target pictures with a reference picture by either color or shape. 

Prior to the appearance of the reference stimulus, a cue – shape or color – appeared visually 
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and audibly on the screen, indicating to the child what dimension the target should be matched 

by. The child was instructed to choose as quickly as possible between which of the two target 

items matched the dimension, indicated by touching the screen with their index finger. The 

software recorded the score in the same way as the Flanker Test detailed above. 

Physical activity 
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and were given one practice attempt before undertaking two trials of each skill. Proficiency of 25  
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1 Children wore ActiGraph GT9X Link triaxial accelerometers (ActiGraph, USA) on 
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their non-dominant wrist for 7 days, removing them only for showers, baths, or swimming. The 
 
accelerometers had a sampling frequency of 30Hz and a dynamic range of ±8 g. Acceleration 

data were downloaded using ActiLife software (ActiGraph, USA) in 1 s epochs files and then 

exported in .csv format. GGIR version 1.11–0 from R software version 4.02.5 was used to 

process data, complete auto-calibration procedures (Van Hees et al., 2014), and convert raw 

14 triaxial accelerometer signals into Euclidean Norm Minus One (ENMO) acceleration data (van 
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Hees et al., 2013). PA data were analysed within a standardized waking time window between 
 
06:00 and 23:00, and non-wear was scored using the moving window method described by Van 

 
Hees et al. (2013). To obtain a valid day, children had to wear the accelerometer for at least 

 
10h. To be including within analysis, children had to wear the monitor for a minimum of three 

valid weekdays and one valid weekend day. Children not meeting the valid week criterion were 

invited to wear the monitor for another 7 days. ENMO data were classified into time spent in 

MVPA using age-appropriate validated cut-points (Crotti et al., 2020). Intensity gradient was 

calculated using GGIR, following the method described by Rowlands et al., (2019), which is 

36 based on the relationship between log values for intensity (0-25mg, 25-50mg, etc.) and time at 
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each  intensity  bin.  Average  acceleration,  expressed in  milligravitational  units  (mg),  was 
 
computed using ENMO values1s. 
 

 
Motor Proficiency 
 

 

Locomotor and object control motor proficiency was assessed using the Test of Gross 

Motor Development-3 (TGMD-3) (Ulrich, 2013). Specifically, six locomotor (run, gallop, hop, 

skip, horizontal jump, slide) and seven object-control (two-hand strike, one-hand strike, one- 

hand dribble, two-hand catch, kick, overhand throw, underhand throw) skills were assessed. 

The children received a verbal explanation and single demonstration from the trained assessor 
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1 stability skills was assessed using the Test of Stability Skills (TSS) (Rudd et al., 2015). The 
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stability test involves three tasks (log roll, rock, and back support) where children received a 
 
verbal explanation and single demonstration from the assessor and were then given one practice 

attempt before undertaking two trials of each  skill. The validity and reliability of these 

assessments have been well established (Maeng et al., 2016; Rudd et al., 2015). All skill 

performance trials across the two measures of motor proficiency were video recorded for future 

14 analysis, prior to video coding all inter- rater reliability was conducted. 
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Exploratory Movement Capability 
 

Exploratory movement capability was assessed using the Divergent Movement Ability 

Assessment (DMA) (Cleland, 1990), which required the children to explore three rich 

environments. The first environment affords balancing and creating shapes with their body, the 

second invites the child to locomote in as many different ways as possible, and finally an object 

manipulation environment where children play with a ball in as many ways as possible. At the 

stability environment, children were asked to make as many shapes and balances on or around 

the bench using as many different body parts as they could. For every station, children 

36 completed two  90-second  trials,  during  which,  every 30  seconds,  each  child  received a 
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predefined prompt from the research assistant to support and encourage. Groups of 3 children 
 
rotated around the 3 locomotor, object, and stability stations in the DMA. This took place 

during school hours within the school hall and was video recorded for later analysis. The DMA 

was scored using a performance criterion for flexibility (the number of changes in body 
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position for the same movement response) and fluency (the number of different movement 
 
responses). For fluency, each different movement response was names (e.g. running, catching, 

kicking, star shape) and elicited a score of 1. For flexibility, the changes in body position (e.g. 

running backwards, jumping sideways, catching with left hand, kicking with left foot, star 
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performed  to  assess  the  distribution  of  the  three  executive  functions.  Assumptions  of 25  
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1 shape on right foot) for each movement response elicited a score of 1. Exploratory Movement 
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was a total score computed by combining the fluency and flexibility total scores. 
 

A total of 9 research assistants supported data collection and each received 9 hours of 

training in the administration of the DMA, TGMD-3 and stability test. Five of the research 

assistants received an additional 6 hours training on coding each of the assessments. Skill data 

from ten children randomly selected from a previous pilot assessment study was used to 

14 ascertain inter- and intra-rater reliability of the assessors coding on the TGMD-3, DMA and 
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stability test. One child did not partake in the DMA because they were absent from school on 
 
the day of the assessment. Intraclass correlation coefficients (ICC) were run with two-way 

mixed, average measures for absolute agreement, with 95% confidence intervals. Table 1 

shows the inter- and intra-rater mean ICC scores for the five raters of the DMA (total fluency 

and flexibility scores),TGMD-3 and stability test, as well as the mean range for each outcome 

ICC. All mean ICC scores were "excellent" (Cicchetti, 1994). 

Anthropometrics 

 
Children’s height, sitting height, waist circumference and body mass were measured 

36 
with an accuracy of 0.1cm and 0.1kg, respectively. Height and sitting height were assessed 
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with a portable stadiometer (Leicester Height Measure, SECA, Birmingham, UK) and body 
 
mass was assessed using digital scales (Tanita WB100-MA, Tanita Europe, The Netherlands). 

Height and weight values were used to examine weight status using the International Obesity 

Task Force age and sex adjusted body mass index (BMI) growth reference (Cole et al., 2000). 

Data Analysis 

 

Before conducting both preliminary and main analyses, the data were checked to ensure 

they met the major statistical assumptions for each statistical test, and an alpha level (p) of .05 

or less was used as the criterion to reject the null hypothesis. The Shapiro-Wilks test was 
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analysis,  and  then  the  same  regression  analyses  were  run  after  imputing  missing  data. 25  
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1 independence  of  observation  were  tested  using  the  Durbin-Watson  statistic  (1.996),  and 
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linearity between variables and homoscedasticity were examined through a visual inspection 
 
of scatterplots. To determine whether to use a composite score of executive function, an 

exploratory factor analysis (EFA) was employed to produce the most parsimonious factor 

structure for the subsequent main analysis. For factor analysis, if the assumption of multivariate 

normality is violated, a principal axis factor method in SPSS is recommended. The working 

14 memory raw score registered a significant outlier. To assess whether outliers affected the 
15 

16 

17 8 
18 

19 9 
20 
21 

22 10 
23 
24 11 
25 
26 

27 12 
28 

29 13 
30 
31 

32 14 
33 

34 15 
35 
36 

37 16 
38 
39 

40 17 
41 

42 18 
43 

analysis, the factor analysis was run twice to see if the outlier influenced the number of factors. 
 
The three executive function variables measured (inhibitory control, working memory, and 

cognitive flexibility) were tested for suitability of structure detection using the Kaiser-Meyer- 

Olkin Measure of Sampling adequacy (>0.5) and Bartlett’s test of sphericity test (0.001). In the 

EFA, principal axis factoring (PAF) was selected as the extraction method with a direct oblimin 

rotation. An eigenvalue above 1 was used to determine the number of factors, guided by the 

interpretation of the scree plot. The preliminary factor analysis grouped the variables within 

one factor, and thus, the executive functions scores were combined into a total score (EF). 

 

R software and RStudio software were used to complete subsequent data handling and 

statistical analysis. The normality distribution of each continuous variable was assessed using 

the Shapiro-Wilk test, the distribution of the data was checked using boxplots and histograms, 

44 linearity relations were inspected, and potential heteroscedasticity in paired variables was 
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examined  using  scatterplots.  Rosner’s  test  was  used  to  identify  potential  outliers.  Each 
 
statistical analysis was run both including and excluding outliers to ensure they did not affect 

the results, and in the end outliers were not excluded as their inclusion did not affect the results. 

Variance Inflation Factors (VIF) test was used to check for multicollinearity. Initially, 

correlation tests and multiple linear regression analysis were performed using complete cases 
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included. Variables with missing data were tested to assess whether the data were missing 25 
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1 Depending on variable distribution, either Pearson or Spearman correlation tests were run to 
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2 2 check correlations. 
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complex models: i) a multiple regression analysis with all demographic factors, ii) a multiple 
 
regression analysis adding motor competence and PA variables individually to the previous 

model, considering demographic factors, wear time and weather conditions as covariates, iii) 

backward elimination process to eliminate the covariates that did not improve the model, and 

iv) the final multiple regression analysis combining the motor competence and PA variables 

that were not multicollinear. 

 

To test the first hypothesis, a multiple regression analysis was run with demographic 

factors (i.e., age, sex, SEN, deprivation, and ethnicity). To test the second hypothesis, separate 

multiple regression analysis models were designed with EF as the dependent variable, 

including the variables in the previous models as covariates, and adding the independent 

variables of interest one at a time: exploratory movement capability (DMA), motor proficiency, 

MVPA, MPA, VPA, intensity gradient (IG), and ENMO. Then, through a backward 

elimination process, ethnicity, accelerometer wear-time, and weather conditions variables were 

excluded from the regression models because they either did not  improve the explained 

variance in the model (assessed by comparing models using the "anova" function within the R 

package "stats" (Fields et al 2012)), were above the cut-off of p = 0.1, and did not change the 
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significance of parameter estimates (Bursac et al. 2008) Lastly, to test the third hypothesis of a 
 
combined association of motor competence and PA variables with EF, different multiple linear 

regression models were designed, including both motor competence variables (i.e., motor 

creativity and motor proficiency) and physical activity variables (excluding MVPA and VPA 

because they were strongly correlated). Only variables that were not multicollinear were 
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and all variables but ethnicity were significant predictors (Table 3). Subsequent multiple 24 
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1 completely at random using Little’s MCAR test, which confirmed the data were missing 
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2 2 completely at random. 
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were run using the imputed data, to test that missing values did not influence the analysis. All 
 
the analyses were performed using the R Software. The “lm” function was used to run the 

regression analyses. Subsequently, the ‘mice’ package was used to run multiple imputations 

and create five different datasets with imputed data. Different multiple imputation models were 

designed for various multiple regression models. Lastly, the “pool” and “pool.r.squared” 

functions from the “mice” package was used to pool the outputs of the regressions from the 

imputed data. Effect sizes were calculated using r2 and classified according to the thresholds 

proposed by Cohen (1988) (0.01 = small effect; 0.09 = moderate effect; 0.25 = large effect). 

 
 
 

 
RESULTS 
 
 

The final sample invited to participate in the study included 360 children (55% female), 56% 

of them being white British with a mean age of 6.0 (SD=0.3) years. However, due to various 

reasons (e.g., being absent from school or not wearing the accelerometer), not all children 

completed all assessments (executive function, n=335; exploratory movement, n=294; PA 

dose, n=262; motor proficiency, n=250). Table 2 includes the descriptive statistics for the 

demographic, executive function, PA, and motor competence variables. 
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Considering that data was missing at random and the similar trend of results with 
 
complete cases (see appendix), we present and discuss results obtained with imputed data. After 

data imputation, 360 children were included in the statistical analysis. The first multiple 

regression analysis showed that demographic factors explained 12% of EF variance (r2 = 0.12) 
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7 

1 regression analyses, whereby DMA, motor proficiency, MVPA, MPA, VPA, IG, and ENMO 

1 

2 2 were added individually to the previous model, showed that only DMA and motor proficiency 
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were significant predictors of EF (Table 4). Further, r 
5 3 
6 

and the fit of the model improved only 

7 4 in the models with DMA (r2 = 0.19) and motor proficiency (r2 = 0.16), and not with PA 
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variables. The coefficient and r were higher in the DMA model than the motor proficiency 
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model. Lastly, the regression analysis with a combination of motor competence and PA 

14 variables (motor competence + VPA, and motor competence + ENMO + IG) explained the 
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highest amount of variance in executive functions (r2 = 0.23 and r2 = 0.235). While DMA and 
 
motor proficiency did not meaningfully change their coefficient, VPA and ENMO became 

significant predictors of EF (Table 5). In these models, all PA variables were negatively 

associated with EF, but only VPA and ENMO were significant predictors (Appendix). 

 

DISCUSSION 
 

 

This study investigated the relationship between three assessments of movement (PA 

dose, motor proficiency, and DMA) and executive function in children aged 5-6 years from an 

area of socio-economic disadvantage. Regression results revealed that the model including both 

motor proficiency and DMA variables, as well as the most representative index of PA dose 

(VPA and ENMO), explained the highest amount of variance in overall executive function. 

However, the individual prediction by VPA and ENMO was nonsignificant, while both motor 

proficiency and DMA facets of motor competence were significant predictors of executive 

functions after controlling for demographic factors. Interestingly, among the two movement 

competence facets,  DMA exhibited the strongest association with  executive function.  In 

summary, the results emphasise the need to consider the complexity of the different processes 

at play within the context in which they occur. 
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and executive function can be explained from an ecological perspective on movement and 25 
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predictors of children’s executive function, aligns with previous research on the association 
 
between motor competence and executive function in this age group of children (Van der Fels 

et al., 2015). The highest prediction of executive function specifically by DMA represents the 

novelty of this study, suggesting that not motor competence per se, but the capability to explore 

movement solutions in a divergent manner may have a potential, universal function at this stage 

14 of development in children. The fact that the participants in this study were children at the 
15 

16 

17 8 
18 

19 9 
20 
21 

22 10 
23 
24 11 
25 
26 

27 12 
28 

29 13 
30 
31 

32 14 
33 
34 

35 15 
36 

37 16 
38 
39 

40 17 
41 

42 18 
43 

beginning of their school life (aged 5-7 years) living in an area of deprivation is especially 
 
relevant because the academic achievement gap between children growing up in advantageous 

or disadvantageous socio-economic conditions widens over time (von Stumm, 2017). Although 

the correlational nature of the present results does not allow for causal inference, this study lays 

the groundwork for deepening our understanding of the linkage between specific facets of motor 

competence and executive functions which are reliable predictors of academic achievement, 

especially at the early primary education age (Cortés Pascual et al., 2019). 

 

The current results suggest the importance of capturing exploratory movement 

capability, as well as motor proficiency, in the linkage between motor and cognitive 

developmental domains. Recently, exploration has gained momentum in movement sciences, 

driven by both an ecological perspective on motor development (Adolph & Hoch, 2018; 

44 
Adolph, 2019) and learning (Hacques et al., 2021). There is a converging interest of motor 
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developmentalists  and  clinical  psychologists  for  holistic  models  of  child  development 
 
grounded in the motor domain (Stodden et al., 2023), centered on the ecological value of 

exploration (Stodden et al., 2021) to find and perform functional movement solutions (Rudd et 

al., 2020). 

 

The higher association found in this study between exploratory movement capability 
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habitual PA is considered (as in our study) and not PA interventions (Cook et al., 2019). 25  
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(not just the brain) and attunement to ecological information (Bruineberg, Chemero & Rietveld, 
 
2019). From this ecological perspective, executive functions can be understood as integral to 

the reciprocity of a child's actions and explorations through specifying affordances in the 

environment (E. Gibson, 1988; Adolph, 2019; Raja, 2018; Lobo et al., 2018). In this 

framework, executive functions will be active in different ways for the same task as a child 

14 attunes to their environment, self-regulating functional movement behavior (Hambrick et al., 
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2020; Chow et al., 2011; Davids & Araujo, 2010). The divergent movement capability task 
 
used to assess exploratory movement capability required children to interact with a variety of 

equipment, surfaces, and other environmental features (Cleland, 1990). For example, children 

had to find as many different ways as possible to move around an obstacle course. In this task, 

the nervous system is continually adjusting in context in various ways, whereby a set of neurons 

are equipotential for different functions in perception and behavior (Reed, 1988). It is at this 

intersection where higher-order executive functions are part of a dynamic system supporting 

the interrelation between the individual, environment, and the performance of functional 

36 movement solutions (Rudd et al., 2020). 
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The non-significant association, and negative association in the complex  models, 
 
between PA variables and executive function must also be discussed, as it does not support the 

44 body of previous studies reporting a benefit of a child's PA dose on executive function 
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(Donnelly et al., 2016, Hillman et al., 2019, Alvarez-Bueno et al., 2020). It must be emphasized 
 
that those reviews relied upon previous studies focused on PA dose in diverse populations that 

used a range of different measures and thresholds to assess PA and executive function, which 

restricts comparisons with our study findings. Our results are in line with recent research 

showing no association or negative association between PA and executive functions when 
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characteristics of movement activities by a child, and volume and intensity appear to be a 
 
fraction within the motor- cognitive system that integrate online use of executive function 

during PA. Movement quality outcomes may, therefore, be a stronger marker of learning and 

executive development than a snapshot of a child's activity in any one week. This adds to the 

growing  body  of  knowledge  that  considers  the  intertwined  relation  between  PA,  motor 

14 competence, and cognition (Tomporowski & Pesce, 2019). 
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The significant association of exploratory movement capability and motor proficiency 
 
with executive function highlights the potential value of focusing on movement quality in 

school physical education. The design of rich environments can promote movement proficiency 

and exploration based on pedagogies informed by movement learning theories (Rudd et al., 

2020). This is especially relevant when considering the descriptive results of PA, executive 

functions, and movement assessments relative to normative data of the participants in this 

study, living in an area of low socioeconomic status. This study indicated a low mean score 

compared to normative data in children aged 5-6 years in inhibitory control, working memory 

and executive flexibility (Slotkin et al., 2012). Of the children who completed PA 

measurements, 244 (67%) met the daily PA recommendation for a child aged 5-6 years 

represented by 60-minutes of MVPA. Further, children had relatively moderate level of motor 

44 proficiency,  and  a  relatively  low  level  of  stability  skill.  When  physical  and  cognitive 
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development are already compromised by aged 5 years, it is critical to understand the specific 
 
experiences that promote an enhancement of under-developed skills. 
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Limitations and Conclusions 

53 

54 
55 

56 23 
57 

58 24 

This study contributes to our understanding of the associations between movement 
 
behaviors and executive function in children, emphasizing the importance of exploratory 
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15 between exploratory movement and executive function observed in this study, an intervention 
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study aiming to promote movement qualities underpinned by motor learning theories may 
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provide evidence of an interaction effect for enhancing children's executive functions. These 
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functions are strongly associated with higher academic achievement and longitudinal health 
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outcomes, independently of intelligence (Diamond & Ling, 2019; von Stumm, 2017). Third, 
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the generalisability of the study's results is limited by the age and demographic characteristics 
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of the sample. The study focused exclusively on children aged 5-6 years living in areas of socio- 
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economic  disadvantage,  which  may  not  fully  represent  the  diverse  range  of  children's 
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experiences and developmental trajectories. It is important for future research to examine the 
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associations between movement behaviours and executive function in children from different 
58   
59 25 socio-economic backgrounds, age groups, and cultural  contexts  to determine whether  these 

 

1 movement capability in predicting executive function in primary school children aged 5-6 

1 

2 2 
3 
4 

5 3 
6 

7 4 
8 
9 

10 5 
11 
12 

13 6 
14 

15 7 
16 
17 

18 8 
19 

20 9 
21 
22 

23 
10 

24 

25 11 
26 
27 12 
28 
29 

30 13 
31 

32 14 
33 

years.  Such  findings  are  particularly  relevant  for  designing  interventions  to  support  the 
 
developmental needs of children living in socio-economically disadvantaged areas. However, 

the study has its limitations. 

 

First, the cross-sectional design provides only a snapshot of the associations between 

children's movement and executive function abilities, offering limited insight into the 

directionality of these relationships and how they may develop throughout childhood. Future 

longitudinal research is needed to examine the trajectory of these associations and determine 

causal links between movement behaviours and executive function. The direction of causation 

could be the reverse whereby higher executive function levels lead to better coordination, more 

varied movement patterns and higher PA levels. Second, the executive function assessment 

was conducted using an iPad, providing only an approximation of cognitive abilities. Including 

measures of academic performance or intelligence would have provided a more comprehensive 

evaluation of children's executive function. To further understand the statistical associations 
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1 relationships hold across varied populations. This broader understanding will further inform 
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43 17 

the development of tailored interventions to support children's executive function development 
 
and motor development. 
 

 

In conclusion, these findings show that among children aged 5-6 years living in areas 

of socio-economic disadvantage, DMA exhibited the strongest association with executive 

function. The study also showed, there is a combined association of quantity and quality 

assessments of children’s movement on executive function. A follow up to this study, would 

be an intervention study that combines both the interplay of movement quality and quantity 

and the importance of environments that invite children’s exploratory movement behaviour. 
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Table 1 Inter- and intra-rater mean Intraclass Coefficient Correlations for movement outcome 
1 measures 
2 

3 

4 

5 
Measure Outcome measure 

Inter-rater reliability 
Mean ICC (range) 

Intra-rater reliability 
Mean ICC (range) 

7 TGMD-3 Locomotor .98 (.97 -.99) .98 (.98 - .99) 
8 Object control .97 (.95 - .97) .97 (.95 - .98) 
9 

10 
TSS Stability .98 (.98) .98 (.97 - .98) 

 

12 

13 DMA Fluency .96 (.93 - .98) .97 (.96 - .99) 
14 Flexibility .96 (.93 - .98) .97 (.96 - .99) 
15 

Note. ICC = Intraclass Correlation Coefficient, TGMD-3 = Test of Gross Motor Development 
16 

3rd Edition, TSS = Test of Stability Skills, DMA = Divergent Movement Assessment 
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Fluency 11.1 ± 7.0 0-39 24.76±10.28 Zachopoulou & Makri (2004) 

   
 

16 

Table 2. Descriptive Statistics of study variables 
1 

2 

3 M ± SD or % Range Normative 
4 data 
5    

6 Demographics (n = 360) 
7 

Age (years) 6.0 ± 0.3 5.1 - 6.9 
8 
9 Sex (female) 55 % 

10 
Ethnicity (White British) 56 % 74.4% Gov.UK (2022) 

11 

12 Special Education Needs (SEN) 12 % 12.6% Gov.UK (2022) 
13 

14 Height cm (N= 321) 115.7 ± 5.5 100 - 133 115-116 RCPCH, (2012) 
15 

Weight (N = 321) 22.0 ± 3.9 14 - 36 21 RCPCH (2012) 

17 BMI (N = 321) 16.4 ± 2.0 12 - 25 15.3-15.4 WHO (2007) 
18    

19 Cognitive Function (n = 335) 
20    

21 Executive Function Total 10.3 ± 5.7 0.8 - 28 
22 

Inhibitory Control 4.9 ± 2.0 0 - 8 8.1-8.5 Casaletto et al., (2015) 
23 

24 Working Memory 2.1 ± 3.6 0 - 16 16 Casaletto et al., (2015) 
25 

26 Cognitive Flexibility 3.3 ± 2.2 0 - 10 7.4-7.8 Casaletto et al., (2015) 
27 

28 Physical Activity (min/day) (n = 262) 
29    

30 Light physical activity (LPA) 230.8 ± 35.5 138 - 373 
31 

Moderate physical activity (MPA) 49.7 ± 13.2 22 - 89 
32 

33 Vigorous physical activity (VPA) 19.0 ± 7.4 4 - 49 
34 
35 Moderate-vigorous physical activity 
36 (MVPA) 
37 

68.7 ± 19.3 26 - 135 

38 Intensity Gradient -2.1 ± 0.1 -2 - -2 
39 

Average Acceleration (ENMO) 60.9 ± 14.0 32 - 114 
40 

41 Motor Proficiency (n = 250) 
42    

43 Motor Proficiency Total Score 57.7 ± 12.2 23 - 92 76.0 
44 

45 Object control 24.4 ± 8.1 6-49 35.3 Webster & Ulrich (2013) 
46 

Locomotor 26.0 ± 5.9 8-40 40.7 Webster & Ulrich (2013) 
47 
48 Stability 7.0 ± 3.6 0 - 18 12.9 ± 4.4 Rudd et al (2015) 
49    

50 Exploratory Movement (n = 294) 
51 

52 DMA Total 29.3 ± 12.1 2 - 78 
53 

Flexibility 18.1 ± 6.3 2-39 37.44±14.45 Zachopoulou & Makri (2004) 



27 

28 

29 
30 

31 

32 

33 

34 
35 

36 

37 

38 

39 
40 

41 

42 

43 

44 
45 

46 

47 

48 

49 

50 
51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 

62 

63 

64 

65 

 

14 

Table 3. Multiple regression analysis with demographic factors on executive function (EF). 
1 

2 
Coefficient 

3 
4 Predictor Estimate Std.error p value 
5 

6 Intercept -6.28 6.19 0.311 
7 

8 Age (yrs) 2.68 1.04 0.010 
9 

10 Sex (0-1) 1.33 0.61 0.031 
11 

12 Special Educational Need (0-1) -4.02 0.96 <0.001 
13 

Deprivation decile (1-10) 3.45 0.90 <0.001 

15 

16 R2 of the model = 0.120 
17 

18 

19 
20 

21 

22 

23 

24 
25 

26 
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12 

13 

14 
15 

16 

17 

DMA 0.13 0.03 <0.001 0.193 

Motor proficiency 0.10 0.03 0.007 0.159 

MVPA -0.01 0.02 0.41 0.128 

IG 1.60 3.07 0.60 0.121 
 

19 ENMO -0.02 0.02 0.32 0.123 
20 
21 MPA -0.03 0.02 0.22 0.125 

22 

23 VPA -0.02 0.04 0.59 0.123 

 

4 

Table  4  Multiple  regression  analyses  with  motor  competence  and  PA  variables  added 
1 

2 individually to the model. Executive function (EF) is the dependent  variable of  interest,  and 
3 

each row represents an individual model. All analyses were controlled for age, sex, deprivation 
5 decile, and SEN. 
6 
7    

8 Coefficient Model 
9 

10 Predictor Estimate Std.error p value R2 

11 
 

 

 
 

 
 
 

18 

 
 
 

 

 

24 MVPA: moderate-to-vigorous PA (minutes); MPA: moderate PA (minutes); VPA: vigorous PA (minutes); IG: 
25 intensity gradient (arbitrary units); ENMO: spread of acceleration across the day (milligravity): DMA(arbitrary 
26 units): MP (arbitrary units). 
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4 

Table 5 Multiple regression analyses with a combination of the motor competence variables, 
1 

2 and motor competence with PA variables. Executive function (EF) is the dependent variable of 
3 

interest. All analyses were adjusted for age, sex, deprivation decile, and SEN. 

5 
Model R2 Term Estimate Std.error p value 

6 
7 DMA + motor proficiency + VPA 0.229 
8 

9 DMA 0.11 0.03 <0.001 
10 

Motor proficiency 0.11 0.04 0.010 
11 
12 VPA -0.12 0.05 0.015 
13    

14 DMA + motor  proficiency   + 0.235 
15 

16 ENMO + IG DMA 0.12 0.03 <0.001 
17 Motor proficiency 0.10 0.03 0.008 
18 

19 ENMO -0.05 0.02 0.031 
20 IG -0.63 3.10 0.840 
21    

22 MVPA: moderate-to-vigorous PA (minutes); MPA: moderate PA (minutes); VPA: vigorous PA (minutes); IG: 
23 intensity gradient (arbitrary units); ENMO: spread of acceleration across the day (milligravity): DMA(arbitrary 
24 units): MP (arbitrary units) 
25 
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APPENDIX 

22 
23 

Table 2 
24 
25 

26 

27 

 

 
 
 

 

 
 

 
 
 

 
Motor 

EF DMA proficiency MVPA IG MPA VPA ENMO 

28 EF 1 0.25 (<0.01) 0.24 (<0.01) -0.11 (0.07) -0.068 (0.28) -0.097 (0.13) -0.12 (0.07) -0.1 (0.10) 
29 DMA 0.25 (<0.01) 1 0.17 (<0.01) 0.074 (0.28) 0.18 (<0.01) 0.03 (0.66) 0.17 (0.01) 0.11 (0.10) 
30 Motor proficiency 0.24 (<0.01) 0.17 (<0.01) 1 0.31 (<0.01) 0.26 (<0.01) 0.26 (<0.01) 0.35 (<0.01) 0.33 (<0.01) 
31 

MVPA -0.11 (0.07) 0.074 (0.28) 0.31 (<0.01) 1 0.26 (<0.01) 0.97 (<0.01) 0.86 (<0.01) 0.95 (<0.01) 

33 IG -0.068 (0.28) 0.18 (<0.01) 0.26 (<0.01) 0.26 (<0.01) 1 0.094 (0.13) 0.58 (<0.01) 0.45 (<0.01) 

34 MPA -0.097 (0.13) 0.03 (0.66) 0.26 (<0.01) 0.97 (<0.01) 0.094 (0.13) 1 0.72 (<0.01) 0.86 (<0.01) 
35 

VPA -0.12 (0.07) 0.17 (0.01) 0.35 (<0.01) 0.86 (<0.01) 0.58 (<0.01) 0.72 (<0.01) 1 0.93 (<0.01) 
36 

ENMO -0.1 (0.10) 0.11 (0.10) 0.33 (<0.01) 0.95 (<0.01) 0.45 (<0.01) 0.86 (<0.01) 0.93 (<0.01) 1 

38 
39 

MVPA: moderate-to-vigorous PA (minutes); MPA: moderate PA (minutes); VPA: vigorous PA (minutes); IG: intensity gradient (arbitrary units); ENMO: spread of 
40 

41 
acceleration across the day (milligravity): DMA(arbitrary units): MP (arbitrary units).
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Age Complete cases 2.27 1.09 0.039 

 Imputed 1.81 1.02 0.077 

Sex Complete cases 1.56 0.64 0.016 

 Imputed 1.57 0.58 0.007 

Special Educational Need Complete cases -4.00 1.03 <0.001 

 Imputed -3.32 0.91 <0.001 

 

Deprivation decile 
 

Complete cases 
 

2.92 
 

0.98 
 

0.003 

 Imputed 3.15 0.98 0.002 

R2 of the model Complete cases (n=239) 0.190   

 Imputed 0.160   

 

10 

21 

Table 3 Regression analysis of divergent movement ability (DMA) with demographic covariates using 

1 completed cases and imputed data. 
2    

3   Predictor  Estimate  Std.error  p value   
 

5 Imputed -8.13 5.90 0.169 
6 

7 DMA Complete cases 0.12 0.03 <0.001 
8 Imputed 0.13 0.03 <0.001 
9 

Age Complete cases 1.89 1.12 0.094 

11 Imputed 2.27 1.01 0.026 
12 Sex Complete cases 1.71 0.66 0.010 
13 

Imputed 1.94 0.58 <0.001 
14 
15 Special Educational Need Complete cases -3.54 1.01 0.001 
16 Imputed -3.00 0.93 <0.001 
17 

18 Deprivation decile Complete cases 4.11 0.94 <0.001 
19 Imputed 3.73 1.00 <0.001 
20 

R2 of the model Complete cases (n=273) 0.192 

22 Imputed 0.193 

23 

24 
25 Table 4 Regression analysis of motor proficiency with demographic covariates using completed cases and 
26 imputed data. 
27    

28 Predictor Estimate Std.error p value 
29 Intercept Complete cases -8.66 6.26 0.168 
30 

31 Imputed -7.03 5.98 0.241 
32 Motor proficiency Complete cases 0.08 0.03 0.002 
33 

Imputed 0.10 0.03 0.007 
34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 
45 

46 

47 

48 
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Predictor  Estimate Std.error p value 

Intercept Complete cases -7.33 7.44 0.326 

 Imputed -6.00 6.69 0.373 

MPA Complete cases -0.03 0.03 0.296 

 Imputed -0.03 0.02 0.216 

Age Complete cases 3.08 1.25 0.014 

 Imputed 2.88 1.11 0.011 

Sex Complete cases 2.14 0.76 0.005 

 Imputed 1.23 0.60 0.039 

Special Educational Need Complete cases -2.75 1.22 0.025 

 Imputed -3.75 0.94 <0.001 

Deprivation decile Complete cases 3.22 1.07 0.003 

 Imputed 3.46 0.95 <0.001 

R2 of the model Complete cases (n=246) 0.123   

 Imputed 0.125   
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Table 5 Regression analysis of Moderate-to-Vigorous Physical Activity (MVPA) with demographic covariates 

1 using completed cases and imputed data. 
2    

3   Predictor  Estimate  Std.error  p value   
 

5 Imputed -7.65 6.02 0.205 
6 

7 MVPA Complete cases -0.02 0.02 0.289 
8 Imputed -0.01 0.02 0.414 
9 

Age Complete cases 3.09 1.25 0.014 

11 Imputed 3.06 1.01 0.003 
12 Sex Complete cases 2.06 0.77 0.008 
13 

Imputed 1.26 0.61 0.041 
14 
15 Special Educational Need Complete cases -2.75 1.22 0.024 
16 Imputed -3.86 0.96 <0.001 
17 

18 Deprivation decile Complete cases 3.22 1.07 0.003 
19 Imputed 3.56 0.93 <0.001 
20 

R2 of the model Complete cases (n=246) 0.123 

22 Imputed 0.128 

23 

24 
25 Table 6 Regression analysis of Moderate Physical Activity (MPA) with demographic covariates using 
26 completed cases and imputed data. 
27    

28 

29 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 
45 

46 

47 

48 



48 

49 

50 
51 

52 

53 

54 

55 
56 

57 

58 

59 

60 
61 

62 

63 

64 

65 

Deprivation decile Complete cases 

Imputed 

Complete cases (n=246) 

Imputed 

3.24 

3.48 

0.119 

0.121 

1.07 

1.02 

0.003 

0.001 

R2 of the model 

 

Predictor  Estimate Std.error p value 

Intercept Complete cases -7.62 7.43 0.306 

 Imputed -8.56 6.14 0.165 

VPA Complete cases -0.05 0.05 0.372 

 Imputed -0.02 0.04 0.589 

Age Complete cases 3.05 1.24 0.015 

 Imputed 3.12 1.03 0.003 

Sex Complete cases 2.02 0.80 0.012 

 Imputed 1.21 0.70 0.073 

Special Educational Need Complete cases -2.76 1.22 0.024 

 Imputed -3.70 0.92 <0.001 

Deprivation decile Complete cases 3.22 1.07 0.003 

 Imputed 3.51 1.03 0.002 

R2 of the model Complete cases (n=246) 0.122   

 Imputed 0.123   
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45 

 

1 

2 

3 

4 
5 

Table 7 Regression analysis of Vigorous Physical Activity (VPA) with demographic covariates using completed 
6 

cases and imputed data. 
7 
8 

9 
10 

11 

12 

13 

14 
15 

16 

17 

18 

19 
20 

21 

22 

23 

24 
25 

26 

27 

28 

29 
30 

31 Table 8 Regression analysis of Intensity Gradient (IG) with demographic covariates using completed cases and 

32 imputed data. 
33    

34 Predictor Estimate Std.error p value 
35 Intercept Complete cases -8.76 10.38 0.400 
36 

Imputed -4.31 9.08 0.635 
37 

38 IG Complete cases -0.40 3.34 0.905 
39 Imputed 1.60 3.07 0.605 
40 

Age Complete cases 2.92 1.24 0.019 

42 Imputed 2.87 1.04 0.006 
43 Sex Complete cases 2.23 0.83 0.008 
44 

Imputed 1.63 0.69 0.019 

46 Special Educational Need Complete cases -2.78 1.22 0.024 
47 Imputed -3.59 0.93 <0.001 



49 

50 

51 

52 

53 

54 

55 
56 
57 

58 

59 

60 
61 

62 

63 

64 

65 

Imputed 

Complete cases 

Imputed 

Complete cases 

Imputed 

Complete cases (n=216) 

Imputed 

1.99 

-3.57 

-2.82 

2.72 

3.44 

0.205 

0.219 

0.56 

1.09 

0.91 

1.00 

0.96 

<0.001 

0.001 

0.002 

0.007 

<0.001 

Special Educational Need 

Deprivation decile 

R2 of the model 

 

Predictor  Estimate Std.error p value 

Intercept Complete cases -6.90 7.46 0.356 

 Imputed -7.34 6.34 0.249 

ENMO Complete cases -0.03 0.03 0.246 

 Imputed -0.02 0.02 0.321 

Age Complete cases 3.10 1.24 0.013 

 Imputed 3.10 1.05 0.004 

Sex Complete cases 2.01 0.78 0.011 

 Imputed 1.23 0.64 0.055 

Special Educational Need Complete cases -2.79 1.22 0.022 

 Imputed -3.67 0.93 <0.001 

Deprivation decile Complete cases 3.21 1.07 0.003 

 Imputed 3.43 1.02 0.003 

R2  of the model Complete cases 0.124   

 Imputed 0.123   

 

Predictor  Estimate Std.error p value 

Intercept Complete cases -4.31 6.72 0.522 

 Imputed -7.30 5.71 0.202 

DMA Complete cases 0.07 0.03 0.012 

 Imputed 0.12 0.03 <0.001 

Motor proficiency Complete cases 0.08 0.03 0.005 

 Imputed 0.08 0.03 0.026 

Age Complete cases 1.18 1.17 0.315 

 Imputed 1.42 1.00 0.156 

Sex Complete cases 1.64 0.68 0.018 
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1 

2 
3 

Table 9 Regression analysis of Euclidean Norm Minus One gravity acceleration data (ENMO) with 
4 

demographic covariates using completed cases and imputed data. 
5 
6 

7 

8 

9 
10 

11 

12 

13 

 

15 

16 

17 

18 

19 
20 

 
22 

23 

24 

25 

26 

27 

28 

29 
30 

31 

32 

33 Table 10 Regression analysis of Divergent Movement Ability (DMA) and motor proficiency with demographic 
34 covariates using completed cases and imputed data. 
35    

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 



59 

60 
61 

62 

63 

64 

65 

 

Predictor  Estimate Std.error p value 

Intercept Complete cases -5.61 8.01 0.485 

 Imputed -4.61 6.11 0.453 

DMA Complete cases 0.05 0.03 0.127 

 Imputed 0.11 0.03 0.004 

Motor proficiency score Complete cases 0.09 0.03 0.010 

 Imputed 0.11 0.03 <0.001 

MPA Complete cases -0.03 0.03 0.267 

 Imputed -0.04 0.02 0.060 

Age Complete cases 1.71 1.39 0.220 

 Imputed 1.18 1.09 0.283 

Sex Complete cases 2.26 0.84 0.008 

 Imputed 1.68 0.59 0.005 

Special Educational Need Complete cases -2.92 1.33 0.030 

 Imputed -3.03 0.97 0.003 

Deprivation decile Complete cases 2.10 1.17 0.076 

 Imputed 3.28 0.92 <0.001 

R2 of the model Complete cases (n=162) 0.202   

 Imputed 0.241   
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Table 11 Regression analysis of Divergent Movement Ability (DMA), motor proficiency, and MVPA with 

1 demographic covariates using completed cases and imputed data. 
2    

3   Predictor  Estimate  Std.error  p value   
 

5 Imputed -6.30 5.70 0.270 
6 

7 DMA Complete cases 0.05 0.03 0.113 
8 Imputed 0.11 0.02 <0.001 
9 

Motor proficiency score Complete cases 0.09 0.03 0.008 

11 Imputed 0.11 0.03 0.001 
12 MVPA Complete cases -0.03 0.03 0.179 
13 

Imputed -0.03 0.02 0.096 
14 
15 Age Complete cases 1.76 1.39 0.206 
16 Imputed 1.49 0.99 0.134 
17 

18 Sex Complete cases 2.16 0.85 0.012 
19 Imputed 1.50 0.60 0.013 
20 

Special Educational Need Complete cases -2.88 1.33 0.032 

22 Imputed -3.11 0.91 <0.001 

23 Deprivation decile Complete cases 2.11 1.17 0.074 
24 

Imputed 3.35 0.90 <0.001 
25 

26 R2 of the model Complete cases (n=162) 0.205 
27 Imputed 0.237 
28 
29 
30 

Table 12 Regression analysis of Divergent Movement Ability (DMA), motor proficiency, and MPA with 
31 

32 
demographic covariates using completed cases and imputed data.
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Table 13 Regression analysis of Divergent Movement Ability (DMA), motor proficiency, and VPA with 

1 demographic covariates using completed cases and imputed data. 
2    

3   Predictor  Estimate  Std.error  p value   
 

5 Imputed -7.98 6.14 0.198 
6 

7 DMA Complete cases 0.06 0.03 0.084 
8 Imputed 0.11 0.03 <0.001 
9 

Motor proficiency score Complete cases 0.10 0.03 0.006 

11 Imputed 0.11 0.04 0.010 
12 VPA Complete cases -0.10 0.06 0.120 
13 

Imputed -0.12 0.05 0.015 
14 
15 Age Complete cases 1.75 1.38 0.206 
16 Imputed 1.72 1.05 0.103 
17 

18 Sex Complete cases 2.02 0.87 0.021 
19 Imputed 1.18 0.66 0.079 
20 

Special Educational Need Complete cases -2.83 1.33 0.035 

22 Imputed -2.93 0.95 0.003 

23 Deprivation decile Complete cases 2.17 1.17 0.065 
24 

Imputed 3.29 1.11 0.009 
25 

26 R2 of the model Complete cases (n=162) 0.208 
27 Imputed 0.229 
28 

29 
30 
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Table 14 Regression analysis of Divergent Movement Ability (DMA), motor proficiency, ENMO, and IG with 

1 demographic covariates using completed cases and imputed data. 
2    

3   Predictor  Estimate  Std.error  p value   
 

5 Imputed -6.90 9.07 0.448 
6 

7 DMA Complete cases 0.05 0.03 0.116 
8 Imputed 0.12 0.03 <0.001 
9 

Motor proficiency score Complete cases 0.09 0.03 0.010 

11 Imputed 0.10 0.03 0.008 
12 ENMO Complete cases -0.06 0.03 0.080 
13 

Imputed -0.05 0.02 0.031 
14 
15 IG Complete cases 3.84 4.34 0.378 
16 Imputed -0.63 3.10 0.840 
17 

18 Age Complete cases 1.89 1.39 0.176 
19 Imputed 1.54 0.99 0.120 
20 

Sex Complete cases 2.29 0.88 0.010 

22 Imputed 1.46 0.67 0.030 

23 Special Educational Need Complete cases -2.99 1.33 0.026 
24 

Imputed -2.88 0.89 0.001 

26 Deprivation decile Complete cases 2.10 1.17 0.074 
27 Imputed 3.27 0.97 0.002 
28 

R2 of the model Complete cases (n=162) 0.212 

30 Imputed 0.235 



 

Highlights 
 
 
 
 
 
 
 
 

 

• Motor  competence  and  physical  activity  variables  better  predict  executive 

functions when they are combined 

• This study extends the assessment of movement quality showing an association 

between divergent movement ability and executive function. 

• When   considered   individually   both   motor   competence   variables   were 

significant predictors of executive function whilst physical activity variables 


