IT City Research Online
UNIVEREIST%( ]OggLfNDON

City, University of London Institutional Repository

Citation: Hammond, J., Jones, V., Hill, E. L., Green, D. & Male, |. (2014). An investigation
of the impact of regular use of the Wii Fit to improve motor and psychosocial outcomes in
children with movement difficulties: a pilot study. Child: Care, Health and Development,
40(2), pp. 165-175. doi: 10.1111/cch.12029

This is the accepted version of the paper.

This version of the publication may differ from the final published version.

Permanent repository link: https://openaccess.city.ac.uk/id/eprint/29071/

Link to published version: https://doi.org/10.1111/cch.12029

Copyright: City Research Online aims to make research outputs of City,
University of London available to a wider audience. Copyright and Moral Rights
remain with the author(s) and/or copyright holders. URLs from City Research
Online may be freely distributed and linked to.

Reuse: Copies of full items can be used for personal research or study,
educational, or not-for-profit purposes without prior permission or charge.
Provided that the authors, title and full bibliographic details are credited, a
hyperlink and/or URL is given for the original metadata page and the content is
not changed in any way.



City Research Online: http://openaccess.city.ac.uk/ publications@city.ac.uk



http://openaccess.city.ac.uk/
mailto:publications@city.ac.uk

Hammond, J., Jones, V., Hill, E.L., Green, D. & Male, I. (2014). An investigation of the impact of
regular use of the Wii Fit to improve motor and psychosocial outcomes in children with movement
difficulties: A pilot study. Child Care Health Development, 40(2), 165-175. (Wiley)

DOI: 10.1111/cch.12029

An investigation of the impact of regular use of the Wii Fit to improve motor and
psychosocial outcomes in children with movement difficulties: A pilot study

James Hammond!, Victoria Jones?, Elisabeth Hill2*, Dido Green3 & Ian Male#*

1. Brighton & Sussex Medical School, University of Sussex.

2. Elisabeth Hill, PhD. Professor of Neurodevelopmental Disorders, Department of Psychology,
Goldsmiths, University of London, New Cross, London, SE14 6NW. Email: e.hill@gold.ac.uk

3. Dido Green, PhD. Reader in Rehabilitation, Centre for Rehabilitation, Oxford Brookes University.

4. lan Male, MB.BCh, MRCP, MSc. Consultant Community Paediatrician. Mid Sussex Child Development
Centre.

* Corresponding author

Conflict of interest: No authors have any conflict of interest with respect to this work.
Short title: Therapeutic use of the Wii Fit for children.

Keywords: DCD, fitness, intervention, motor skill

Acknowledgements

We are grateful to the schools, parents and children who participated in this study,
particularly to Mrs Katherine Jackson at Northlands Wood School, Haywards Heath and Ms Kit
Messenger at Manor Field School, Burgess Hill, Sussex, UK. This project received funding from
Brighton and Sussex Medical School as a medical student study.

Abstract

Background: Children with DCD experience poor motor and psychosocial outcomes.
Interventions are often limited within the health care system, and little is known about how
technology might be used within schools or homes to promote the motor skills and/or
psychosocial development of these children. This study aimed to evaluate whether short,
regular school-based sessions of movement experience using a commercially available home
video game console (Nintendo’s Wii Fit) would lead to benefits in both motor and
psychosocial domains in children with DCD.

Methods: A randomised cross-over controlled trial of children with movement
difficulties/DCD was conducted. Children were randomly assigned to an intervention (n=10)
or comparison (n=8) group. The intervention group spent ten minutes thrice weekly for one
month using Wii Fit during the lunch break, while the comparison group took part in their
regular Jump Ahead programme. Pre- and post-intervention assessments considered motor
proficiency, self-perceived ability and satisfaction and parental assessment of emotional and
behavioural problems.

Results: Significant gains were seen in motor proficiency, the child’s perception of his/her
motor ability and reported emotional well-being for many, but not all children.

Conclusions: This study provides preliminary evidence to support the use of the Wii Fit within
therapeutic programmes for children with movement difficulties. This simple, popular
intervention represents a plausible method to support children’s motor and psychosocial
development. It is not possible from our data to say which children are most likely to benefit
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from such a programme and particularly what the dose and duration should be. Further
research is required to inform across these and other questions regarding the implementation
of virtual reality technologies in therapeutic services for children with movement difficulties.

Introduction

Developmental Coordination Disorder is a common neurodevelopmental disorder, affecting
1.8 to 4% of school aged children (Lingam et al, 2009); characterised by a marked
impairment in the development of motor coordination (American Psychiatric Association,
2000). Affected children may experience difficulties in the planning, organisation and/or
execution of movements resulting in delays in the acquisition of fine and gross motor skills
(Henderson & Henderson, 2001). Consequently children may encounter problems with a
range of motor tasks such as running, dressing and writing (Dewey & Wilson 2001; Leeds
Consensus Statement, 2006). Difficulties in these skills can make it harder to join in socially,
for example in team sports (Poulsen et al., 2008a), or to fulfil potential in school where an
inability to record information quickly and neatly can be mistaken for laziness or low
academic ability. This often leads to harmful secondary consequences such as poor academic
achievement, low self-esteem (Cairney et al.,, 2005a; Lingam et al.,, 2010; Piek et al., 2006;
Poulsen et al., 2008a; 2008b), reduced physical activity participation (Green et al., 2011) and
obesity (Cairney et al., 2005b).

The impact of poor motor coordination may be felt across all aspects of a child’s life,
whether at school, home, in play or friendships (e.g., Poulsen et al., 2008a; Malloy-Miller et al.,
1995). Indeed, parents consistently report that coordination difficulties have a significant
effect on their child’s quality of life (Pless et al., 2001; Segal et al., 2002; Stephenson &
Chesson, 2008).

Although children with DCD may acquire new motor skills over time, there is growing
evidence that they do not ‘outgrow’ their motor difficulties and require intervention to
improve (Cantell et al.,, 2003; Kirby et al., 2008). One follow-up study which tested motor
proficiency in children aged six showed that they still experienced similar levels of motor
difficulty when aged sixteen, and the consequences of these problems persist into adulthood
(Hellgren et al., 1993; Rasmussen & Gillberg, 2000). Cross-sectional studies of adults show
significant consequences of both motor skill and quality of life satisfaction (Cousins & Smyth,
2003; Hill et al. 2011). Such studies highlight the importance of suitable support and
intervention in childhood. Despite these poor outcomes, parents often report considerable
difficulty accessing diagnosis or treatment for their child and may see many professionals
before receiving support (Dunford & Richards, 2003; Green et al., 2005; Segal et al., 2002).

Even where treatment is available there is conflicting evidence and opinion as to the
best interventions for DCD (Leeds Consensus Statement, 2006; Mandich et al., 2001; Wilson,
2005). Some interventions take a task-oriented approach aiming to improve the child’s
performance at specific day-to-day motor tasks (Pless et al., 2000; Jongmans et al., 2003).
Given the wide array of motor domains affected by DCD, and its high prevalence, the focus on
developing specific tasks may place significant strain on professional resources. Deficit
orientated approaches, based on theories that motor deficits are the result of abnormal
development (Wilson & McKenzie, 1998; Wilson, 2005), aim to train specific neuro-
psychological functions believed to be responsible for motor functioning and therefore
contribute to more global improvements in motor skills. One local school based programme,
Jump Ahead’, targets the hypothesised sensory-perceptual deficits and is aimed at children
with special educational needs.

Recent research suggests that the use of virtual reality systems may be beneficial as an
intervention tool for motor deficits in a variety of conditions, particularly the rehabilitation of
stroke, acquired brain injury and cerebral palsy (Golomb et al., 2010; Green & Wilson, 2012;
Lucca, 2009; Mumford & Wilson, 2009; Sandlund et al., 2008; Snider et al., 2010; Weiss et al.,
2004). Virtual reality utilises interactive simulations created with computer hardware and
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software, providing opportunities to interact and manipulate virtual objects in real-time, in a
multidimensional and multisensory virtual environment (Pridmore et al., 2007).

Virtual reality therefore has many properties which makes it a desirable interventional
tool for motor difficulties. It provides users with opportunities to perform tasks they may not
be able to execute in the ‘real-world’ offering experimental, active learning in a safe and
controlled environment (Green & Wilson, 2012). By allowing interaction with displayed
images and manipulation of virtual objects, users see how their movements in the ‘real-world’
affect the ‘virtual world’ enhancing awareness of their movements. Overall, interventions
using technology have been shown to have many advantages including continued motivation,
positive behaviour and higher success rates (Green & Wilson 2011). However, these systems
are not widely available outside of research settings, are often very expensive and require
training to use. The Nintendo Wii is a commercially available, low-cost virtual reality gaming
console which uses motion sensors (www.nintendo.co.uk). The Wii fit uses a remote balance
board as the input into the virtual environment. The board contains sensors which measure
user’s motions and maps then onto the virtual environment. It uses differences in the applied
forces and movements to change the amount of visual and audio feedback it provides. Case-
study reports, as well as randomised trials, have suggested the Nintendo Wii Fit to be useful in
enhancing motor proficiency in stroke patients (Mouawad et al., 2011; Saposnik et al., 2010)
and a child with diplegic cerebral palsy (Deutsch et al., 2008); however data are very limited
(Laver etal., 2011).

The Wii and Wii Fit have the potential, as an affordable intervention, to improve
movement skills and increase participation in physical activity for a large number of children.
A pilot project was therefore developed to determine whether a short term (three times a
week over a month) programme, delivered in school using the basic balance games which
come with the Wii Fit, could improve motor proficiency. Secondary aims explored any
benefits this may give to self perception of motor ability and reports of psycho-social
development.

Methodology

Participants

Participants were recruited from two primary schools in Mid-Sussex, UK following a two stage
recruitment process as recommended by Wright and Sugden (1996; see Figure 1). In the first
stage, senior members of staff at each school identified children who were judged to be at risk
of functional movement problems. These children were taking part in ‘Jump-Ahead’, a local
school-run motor intervention programme for children with movement difficulties, including
some with a formal diagnosis of DCD. Additional inclusion criteria required children to have
normal IQ (based on school assessments) and no evidence of a medical/neurological disorder
making participation inappropriate, such as photosensitive epilepsy. As this was a pilot
project no screening for common comorbidities of movement impairments (e.g., attention
deficit, dyslexia, peer problems. were undertaken. Fifty two children from a total school
population of 450 were identified at this stage.

At this point, each child’s teacher completed the Developmental Coordination Disorder
Questionnaire (DCDQ; Wilson et al., 2007). The DCDQ is a screening questionnaire made up of
15 items assessing children’s motor performance in everyday activities. This questionnaire is
considered a valid clinical screening tool for children who have coordination difficulties
(Wilson et al.,, 2009). Children were included in the study if they were considered to be at risk
of movement difficulties (scoring within the bottom quintile on the DCDQ) and/or had a
diagnosis of DCD. On this basis, a total of 20 children were invited to take part in the
intervention study, and parental consent was then obtained. Confirmation of a risk of
movement difficulties was then undertaken using a standardised motor test (see below). A
slightly higher cut-off than the typical 5t or 15t percentile used for consideration of a
diagnosis of DCD was considered important due to the ethnographic elements of this study



(school-based) and taking into consideration differences between standardised assessments
and their relevant cut-off points (Venetsanou et al., 2011). Children were aged 7-10 years to
allow for experiential differences in the pre-school/early school years prior to transfer to
secondary education. Participant characteristics are shown in Table.1. Ethics approval for the
study was granted by Brighton West Research Ethics Committee and the Sussex NHS Research
Consortium.

Intervention

This was a cross-over intervention study with two phases, each lasting four weeks. In Phase.1
children were divided randomly into two groups: Group.A (n=10) received ten minutes of
supervised play on Wii Fit three times a week (hitherto, Wii Fit intervention). Children had a
choice of nine Wii Fit games which focus on balance and coordination. Children were
withdrawn from other interventions for this four week period. Group.B (n=8) continued in the
‘treatment as usual’ school-run Jump Ahead intervention (1 hour per week) (hitherto, Control
period). In this programme, children with a range of difficulties work in groups practicing
motor skills (see http://wsgfl.westsussex.gov.uk/ccm/navigat...id=aMagoL5ixUDg). Phase.2
commenced 2.5 months after the end of Phase.1. During Phase.2 the groups participated in
the alternative intervention for the following four weeks. Timing of the Wii sessions was at
the discretion of the schools, during lunch-time and under the supervision of one of the
researchers or one member of the teaching staff.

Measures

Children’s motor skills, self-perceived ability and satisfaction with motor tasks as well as
parental assessment of social behaviour and psychopathology were assessed at each of three
time points: baseline (week 0), after Phase.1 (end of week 4) and after Phase.2 (end of week
18).

Motor proficiency (child): The short form of the Bruininks-Oseretsky Test (274 edition; BOT-2)
(Bruininks & Bruininks, 2005) was completed for each child. This assesses fine manual
control, manual coordination, body coordination, strength and agility and provides a single
motor composite score. The test is normed for four-21 years of age and is a useful tool for
motor assessment and development and evaluation of motor training programmes (Bruininks
& Bruininks, 2005).

Self-perceived ability and satisfaction with motor tasks (child): The Coordination Skills
Questionnaire (CSQ; Green & Wilson, 2008) is a ten-item questionnaire, modeled on the
Canadian Occupational Performance Measure (Law et al., 1994), completed by a child. S/he
ranks his/her perceived ability level and satisfaction in performance across a range of
movement tasks using a five-point response scale that is matched to a semantic scale (range
of 9-45 (the 10th item is not included in the overall score). Internal reliability and construct
validity of this scale are good (Green, 2006).

Emotional and behavioural development (parent): The Strengths and Difficulties Questionnaire
(SDQ; Goodman, 1997) is a 25-item parental report questionnaire that provides a brief
measure of social behaviour and psychopathology with good reliability and validity reported.

Statistical Procedures

Descriptive and quantitative analyses were undertaken. Primary outcomes considered the
effect of training on the Wii on motor skills. Secondary outcomes considered the impact of
training on self-perception and behaviour. These were addressed through the use of a mixed
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ANOVA (between subject factor, intervention group; within subject factor, time; baseline, end
Phase.1, end Phase.2) and post hoc analyses with Bonferroni corrections!. Calculation of the
least degree of difference (LDD)?, representing a clinically meaningful degree of change was
undertaken to determine the numbers of children making meaningful progress.

<Table.1 & Figure.1 about here>

Results

There were no differences in the baseline characteristics between the two groups (see
Table.1). Individual children’s data are shown in Table.23. From the initial SDQ scores, there
was a trend for children in Group.A to have a greater degree of associated difficulties. In total,
five children had abnormal scores; four in Group.A, one in Group.B; seven children had
reported hyperactivity: six in Group.A, one in Group.B; two children had peer problems: both
Group.B.

Both groups showed improved BOT-2 total scores following the Wii intervention
period (see Figure.2; Group.A: baseline to end of Phase.1, Group.B: end of Phase.1 to end of
Phase.2). A mixed ANOVA comparing the two intervention groups over time identified no
significant main effects of either group [F(1,15)=.00, p=.987] or time [F(1.46,21.84)=2.73,
p=.082]. The group x time interaction was significant [F(1.46,21.84)=6.27, p<.02]. Posthoc
comparisons revealed that this interaction stems from a significant improvement in BOT-2
percentile in Group.A between baseline and end of Phase.1 (p<.01), but no significant
difference between comparison of other assessment times in this group, and no differences in
any comparison for Group.B.

BOT-2 subscores showed improvement during the Wii Fit intervention period for each
group (see Table.3). Three children made meaningful progress (>1 LDD change) during the
Wii programme and one child nearly achieved this during the control period. Six children
achieved >%2 LDD during the Wii programme in comparison to two during the control period.
During their respective control periods, seven children got worse (two in Group.B, five in
Group.A but none reaching 1 LDD). Eight children moved out of the ‘at risk’ area for
coordination difficulties (>20t percentile) during their Wii fit programme in comparison to
only one child who achieved this during their control period. See Table.2 for comparisons.

<Tables.2-4 and Figure.2 about here>

CSQ scores, reflecting the child’s perception of their motor ability, improved in Group.A
over the Wii Fit intervention period and remained unchanged over the ensuing control period.
Group.B improved during the control period and continued to improve over the intervention
period (see Figure 2 and Table 4). This improvement was not, however, significant in the
analyses: For both the CSQ Ability and Satisfaction scores, a mixed ANOVA comparing the two
intervention groups over time, revealed no significant main effects of group [Ability:
F(1,16)=.22, p=.649; Satisfaction: F(1,16)=.33, p=.577] and no group x time interactions

1 Descriptive analyses were conducted to look at distribution of scores. Where violations of normality were
observed, non-parametric analyses were conducted, with the same results.

2LDD (1.9 *V2*SEM) averaged 10.7 standard score points for BOT-2 across ages.

3 Qverall BOT-2 score for one child in Group.B is above our cut-off at baseline. However, he had a variable profile
with significant difficulties in particular subtests, and considerable functional movement difficulties as evidenced
by a very low score on the DCDQ. Analyses were run with and without this child included. Results were
unaffected and he was therefore retained in the group.



[Ability: F(1.489,23.827)=2.24, p=.139; Satisfaction: F(1,16)=1.43, p=.254]. The main effect of
time was significant [Ability: F(1.489,23.827)=14.56, p<.001; Satisfaction: F(1,16)=11.36,
p<.001]. In both cases, this effect arose from a significant increase in scores between baseline
and end of Phase.1 as well as between baseline and end of Phase.2 (all significant ps<.01).
There was no change in scores between the end of Phases.1 and 2. More children rated their
ability and satisfaction with their skills >1 LDD following participation in the Wii programme,
particularly so for Group.A, who, for the most part, maintained these higher levels of self-
perception during Phase.2.

Only seven parents completed SDQs at both study entry and at the end of Phase.1
(Group.A=4. Group.B=3). Mean total score and subscores all improved in Group.A following
the Wii Fit intervention (one child moving from abnormal to borderline pathology risk and
one from borderline to normal), while they remained unchanged in Group.B after the Jump
Ahead sessions (the small sample precludes further analysis). There was no difference in
improvements in motor ability in children with/without elevated SDQ scores.

Discussion

This small pilot study provides encouraging results as to the potential for the Wii Fit
programme to engender change in motor skills and related social and emotional behaviours.
In view of the small sample size, the results need to be treated with caution. However they
provide interesting points warranting further discussion, particularly in view of the fact that
many children have access to the Nintendo Wii and may be using this system at home with
minimal supervision.

These findings suggest that using the Wii Fit balance games for ten minutes, three
times a week in a school setting over a one month period may lead to gains in motor
proficiency (BOT-2 scores), the child’s perception of his/her motor ability (CSQ) and the
child’s emotional well-being (SDQ) for many, but not all children. The greatest (significant)
gains were seen in gross motor proficiency, which may be predictable given that the games
focus on balance skills and bilateral coordination, and less so in fine motor precision and
visuo-motor integration. Itis encouraging, though, that gains were also seen in these skills,
suggesting that the games help develop broader motor coordination skills, not just those
related to balance but also those needed to play at and improve in game performance. Whilst
the fall in motor proficiency scores for Group.A over the control period suggests that the gains
of the intervention period were not sustained after intervention ceased, it is encouraging that
children’s perception of improved ability continued. Given long term concerns over self-
esteem, and the difficulties many of these children encounter in joining in with physical
activity with their peers, this continued positive perception may enhance long term outcome.
Changes in a child’s perception of his/her motor ability over time, but not as a function of
either intervention, may reflect natural (developmental) change, or other factors. The
significance of reported changes in psychosocial development, with such small numbers, is
difficult to interpret, although the improvements are a promising avenue for future research.
The duration of the programme, whilst sufficient to elicit short term gains across a number of
measures, may not have been enough to support consolidation over a longer term as reflected
by the regression of performance on the BOT-2 of Group.A during Phase.2.

As an intervention, playing on the Wii Fit was popular with school staff and children
(who showed willing and excellent attendance) which is consistent with evidence supporting
the use of virtual reality (VR) technologies for leisure and play (Reid, 2004; Weiss et al.,
2003). The Wii is relatively cheap, particularly in comparison to other VR technologies, and is
easy to set up and run in a school environment, especially where interactive whiteboards are
available. Furthermore, therapeutic sessions were easily supervised by teaching assistants.

With a small pilot study, limitations are clear. While recruitment was dependent on
selection of children perceived as having movement difficulties by their teachers, subsequent
assessment ensured that children showed signs of movement difficulties. In addition, the lack
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of blinding of the researchers and the extended period between the end of Phase.1 and
beginning of Phase.2, may have influenced the results. However, to some extent, the
crossover design mediates against this limitation, as any bias would have influenced both
groups equally, and goes some way to providing a solid base from which to interpret the
results showing that despite the pilot’s limitations there is a clear, relative benefit of the Wii
intervention. Furthermore, with only a case report successfully using the Wii in a single child
with cerebral palsy (Deutsch et al., 2008) and a few studies of stroke “Wiihabilitation”
(Mouawad et al., 2011; Saposnik et al,, 2010; Laver et al., 2011), the results of this study are
encouraging in providing preliminary evidence for its therapeutic use. Considering the
pressures on clinical services with excessive waiting times for receipt of limited therapies,
utilising such technologies for therapeutic purposes offers a positive alternative to address
the needs of a large number of children. For this purpose it will be important to explore which
games and technologies work best to exploit particular gains for specific children (and ages)
including physical activity and fitness and in which contexts of application (e.g., home, school,
community facilities). Important questions regarding dose, intensity and duration of
treatments remain outstanding for both the Wii fit programme (10 minute 3 times a week, 30
minutes total) as well as the ‘treatment as usual’ (1 hour once a week). Our small sample size
prevents analysis of equally important questions regarding which children are most likely to
benefit from such a programme including those with additional diagnoses known to
commonly co-occur with DCD (Green & Baird, 2005; Hill, 2001; Lingam et al. 2010). Itis
encouraging that the children with co-existing hyperactivity and/or peer problems showed
improvements in their motor ability following their intervention phase. Thus there is a clear
need for larger blinded, randomised, controlled studies to investigate the benefits of using a
Wii programme for children with coordination difficulties.

Conclusion

This study provides preliminary evidence to support the use of the Wii Fit within therapeutic
programmes for children with movement difficulties. It is not possible from our data, and the
limited number of participants, to say which children are most likely to benefit from such a
programme and particularly what the dose and duration should be. Further research is
required to inform across these and other questions regarding the implementation of VR
technologies in therapeutic services for children with movement difficulties.

Key messages

e DCD is a common disability with risk of persistent difficulties into adulthood
influencing psychosocial as well as medical outcomes.

e Access to effective therapies is often limited.

e This study provides evidence for use of the Wii Fit as an affordable and accessible
intervention influencing motor as well as psychosocial outcomes for many children
with movement difficulties.

e Further studies are required to identify who is most likely to benefit from such a
programme and particularly what the dose and duration should be.
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Figure Legends
Figure 1 Selection and intervention stages for the pilot study.
Figure 2 Mean outcome scores for each Group at each time point (A) BOT-2 percentile;

(B) CSQ ability; (C) CSQ Satisfaction.
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Table 1: Mean (SD) and range for participant characteristics for each group, and baseline
assessment measures. Number of males (females) also shown.

Group.A (n=10) Group.B (n=8)

Statistic

Gender M (F) 8(2) 6 (2) x?(1).06, p=.80

Age (years) 8.53(1.15) 9.53(1.42) t(16)-1.65, p=.12
7.08-10.67 7.17-10.92

DCDQ 42.0 (8.9) 41.67 (8.94) t(13).07, p=.95

(max=75) 32-57 29-53

BOT-2 7.9 (5.53) 11.43 (10.44) t(15)-.91, p=.38

(percentile) 2-16 4-31

CSQ: Ability 27.5(6.75) 30 (7.93) t(16)-.72, p=.48

(max=45) 17-36 21-43

CSQ: Satisfaction 28.9 (6.24) 30.75 (7.4) t (16)-.58, p=.57

(max=45) 19-40 22-45

SDQ 17.38 (6.28) 14.17 (9.91) t(12).74, p=.47

(max=40) 7-26_ 7-34
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Table 2: Individual participant data on each measure at baseline, end of Phase.1 and end of Phase.2.

Group Child Gender Age DCDQ BOT-2 (percentile) CSQ (Ability) CSQ (Satisfaction) SDQ

(Y.M)

Baseline Phase.l Phase.2 Baseline Phase.l Phase.2 Baseline Phase.l Phase.2 Baseline Phase.1

A 1 M 7,01 32 14 16 8 21 38** 39 23 33** 33 20 14
A 2 F 7,03 33 2 3 1 22 38** 35 24 40** 35 6
A 3 M 7,04 39 16 24 12 17 45** 43 19 44%%* 45 23
A 4 M 9.05 39 12 27t 10 35 45%* 45 31 4% 447 26
A 5 M 8,06 7 54* 8 24 37** 37 27 36** 41* 14
A 6 M 7,11 39 4 35 10 36 37 39 40 39 36 12
A 7 M 8,09 56 5 147 8 30 31 41* 31 33 44%%* 21 16
A 8 M 9,02 40 3 14T 12 36 34 34 36 37 36 7 7
A 9 F 901 43 2 10t 7 25 28" 22 27 27 29F
A 10 M 10,07 57 14 24 24 29 37** 42* 31 39%* 42t 16 11
B 11 M 7,02 29 31 12 21T 23 28* 38 24 30* 45%*
B 12 M 10,11 44 4 6 24" 21 23T 28* 22 20 20%** 13
B 13 M 10,03 18 18 43 43 43 45 43 42
B 14 M 10,07 33 6 8 16 21 31** 34 25 29* 33* 34
B 15 F 10,04 53 8 27* 10 31 32 38** 30 32 30%* 9 13
B 16 M 8,02 21 6 24T 37 38 40 35 42%* 36 8 9
B 17 F 10,05 46 5 10 187 33 33 33 33 37* 33 12
B 18 M 804 45 5 5 147 31 36* 33 32 35F 33 9 9

A: Wii Fit intervention, then Jump Ahead; B: Jump Ahead, then Wii Fit
**= >2 Least Degree of Difference; *=>1 Least Degree of Difference; + >Y Least Degree of Difference
1: No SDQ data were available at the end of Phase.2.
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Table 3: Mean (SD) and range for BOT-2 subscores for Group.A (n=10) and Group.B (n=8), at baseline, end of Phase.1 and end of Phase.2 assessments.

Baseline End Phase.12 End Phase.2b
Group.A Group.B Group.A Group.B Group.A Group.B
Fine motor precision 9.2(195) 104 (3.26) 10.3(2.39) 10.0(2.51) 10.2(2.92) 12.25(2.38)
6-12 5-14 7-14 7-14 5-14 7-14
Fine motor integration 7.5 (2.17) 9.0 (0.82) 8.9 (2.45) 8.25(1.83) 7.6(2.06) 9.25 (1.16)
5-9 8-10 5-10 5-10 4-10 7-10
Manual dexterity 43(1.23) 4.14(1.07) 5.3(1.04) 4.5 (1.31) 5.3 (1.39) 5.5(0.76)
3-6 8-10 4-7 2-6 3-7 4-6
Bilateral coordination 4.6(1.83) 6.29(0.76) 6.4(0.91) 5.5(0.93) 5.8 (1.46) 7.38 (1.06)
3-7 5-7 5-7 4-7 3-7 6-9
Balance 59(2.84) 7.57(0.79) 7.8(291) 6.88(1.46) 7.5(3.28) 8 (0)
3-8 6-8 7-8 4-8 5-8 8
Running speed & agility 1.2 (4.12) 1.57(0.53) 2.3(3.86) 1.5 (0.53) 1.3 (3.88) 1.75 (0.46)
0-3 1-2 1-4 1-2 0-2 1-2
Upper limb coordination 7.8 (2.99) 6.71 (1.5) 89(2.43) 9.13(1.89) 8.2(2.27) 10 (2)
2-12 4-8 3-12 7-12 6-12 7-12
Strength 5.7 (2.31) 5.29 (1.5) 6.8(1.93) 7.63(4.31) 7.2(2.35) 8.88 (3.09)
2-9 3-8 4-10 3-16 3-10 5-13

a End of Wii intervention for Group.A; P End of Wii intervention for Group.B
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Table 4: Confidence intervals (CI) for BOT-2 and CSQ total scores for each Group.At baseline, end of Phase.1 and end of Phase.2 assessments.

Baseline End Phase.12 End Phase.2b
Group.A Group.B Group.A Group.B Group.A Group.B
BOT-2 percentile 3.95-11.85 1.78-21.08 11.72-32.48 3.49-17.65 5.83-14.17 13.3-22.99
CSQ Ability 22.67-32.33 22.21-34.08 33.18-40.82 26.95-36.19 33.04-42.36 31.07-38.65
CSQ Satisfaction 24.43-33.37 24.07-33.36 33.4-40.4 25.7-38.58 34.61-42.39 30.6-40.26

a End of Wii intervention for Group.A; ® End of Wii intervention for Group.B
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Screening 1.

Identification of
children at risk of
DCD (52/450 pupils)

Scree

ning 2.

Parents completed DCDQ
(bottom quartile+those with
DCD diagnosis selected:

Baseline

A

y

Random allocation into
intervention group

testing,

pre

Wii Fit

3 x 10 mins per week for 4

Jump Ahead (control)

1 x 1 hour per week for 4 weeks

Group.A (n=10)

Group.B (n=8)*

Testing, end of

phase 1

Group.B (n=8)

Group.A (n=10)

Testing, end of

phase 2

v

N=18

* One child who participated in Group.B was ill at baseline assessment and was therefore
not included in analyses. A further child in Group.B was withdrawn from the study in the
first week due to parental concerns over potential stigmatization.
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