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Cape Town, South Africa; dDepartment of Physiotherapy, Federal University of Sao Carlos, Sao Carlos, Brazil

ABSTRACT
Aim: To compare the effect of the Nintendo Wii-Fit and Xbox Kinect on motor performance and
to assess differential effects in children with Developmental Coordination Disorder (DCD) and typ-
ical development (TD).
Method: In an assessor-blinded randomized comparator-controlled design, 68 participants (34
DCD and 34 TD) aged 7–10 years, were randomly assigned to train on one of two devices (34 Wii-
Fit; 34 Xbox Kinect).
Results: Repeated measure ANOVA revealed a significant main effect of time on balance and agil-
ity variables (MABC-2, Wii Yoga stance, PERF-FIT side-hop, PERF-FIT ladder-stepping; all p� 0.02),
but not on running variables (BOT2-sprint, 10� 5 m sprint and PERF-FIT ladder running; p> 0.05).
No significant interactions were observed, indicating similar changes on both devices. Overall, 35%
of the TD children and 76% of the children with DCD improved on one or more of the outcomes
beyond the smallest detectable difference. However, at the individual level, larger differences in
improvement were found in the Kinect group compared to the Wii between TD and DCD groups.
Conclusion: Both Wii-Fit and Kinect devices can be used to train with similar results on motor
performance. An important percentage (76%) of children with DCD improved on at least one
motor task after training.

KEYWORDS
Active video games; agility;
balance; children;
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Introduction

Developmental Coordination Disorder (DCD) is a common
motor impairment that presents itself in early childhood and
affects around 6% of school-aged children worldwide (APA,
2013). According to current guidelines, children with DCD
should receive an effective intervention to improve their
motor performance, as motor performance in school-aged
children is very important for their functionality and mental
health (Blank et al., 2019). Active videogames (AVGs) have
been added to the repertoire of options as improvements in
motor performance have been shown (Jelsma et al., 2014;
Smits-Engelsman et al., 2015), comparable to traditional
interventions (Bonney, Ferguson, et al., 2017; Cavalcante
Neto et al., 2020). The reported deficit in the ability to
implement predictive models of action referred to as the
internal modeling deficit (Adams et al., 2014; Wilson et al.,
2013) and the presented atypical neural structure and func-
tion of the mirror neuron systems (Biotteau et al., 2017;

Brown-Lum & Zwicker, 2015) in children with DCD may
diminish by the display of augmented feedback as provided
by AVGs. It seems that the process of watching an avatar
may be an indirect form of “online” action observation,
helping the children to make a comparison between the pre-
dicted and actual displacement of the avatar (Smits-
Engelsman et al., 2017). As a result, the online adjustment
of movements in response to the visual feedback may be
fine-tuned, which may enhance balance control and motor
skill acquisition.

Recent systematic reviews (Cavalcante Neto et al., 2019;
Hickman et al., 2017; Mentiplay et al., 2019) of the impact
of AVGs based training revealed an impact primarily on the
activity level of the International Classification of
Functioning, Disability, and Health, children and youth ver-
sion (ICF-CY) framework (WHO, 2001), such as balance or
agility tasks. However, the heterogeneity of training proto-
cols and equipment in the included studies as well as the
scarce number of randomized controlled trials hampered
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comparing the evidence in favor of one specific active video
device. So far, the most common commercial AVG devices
used are the Nintendo Wii Fit followed by Xbox Kinect.
Both devices consist of a set of virtual reality games in
which participants are required to move actively.

Despite similar forms of immediate feedback, characteris-
tics of those devices might lead to different action-percep-
tion couplings and as a consequence, differential gains in
aspects of movement control. For instance, wide exploration
of whole-body movements, like stepping, jumping or hitting
is required in the games of the Xbox Kinect, while spatially
constrained movements (mainly weight shifts) are used on
the Wii balance board. Both devices have already been used
for assessment or training purposes in children with DCD.
The Xbox Kinect was only used in two cross-sectional stud-
ies (Engel-Yeger et al., 2017; Gonsalves et al., 2015) and one
training study (EbrahimiSani et al., 2020), while the Wii Fit
device was used more often for training purposes in children
with DCD (Bonney et al., 2017a, 2017b; Hammond et al.,
2014; Jelsma et al., 2014, 2015; Mombarg et al., 2013; Smits-
Engelsman et al., 2015). All of these studies observed effects
in motor performance after training AVGs, with small to
medium effect sizes in a randomized controlled trial aimed
to improve motor imagery (EbrahimiSani et al., 2020) and
medium to large effect sizes in studies aimed at dynamic
and static balance tasks (Bonney et al., 2017a; Jelsma et al.,
2014; Mombarg et al., 2013). So far, no study directly com-
pared the devices to test if one was superior in eliciting
changes in motor performance characteristics of children
with or without motor problems.

When comparing the task demands and constraints, the
augmented visual feedback coupling of the body movements
to the movements of the avatar is the constant factor in
both devices. However, it is our initial hypothesis that
whole-body movements in free space as offered by the Xbox
Kinect would lead to better transfer to real-life tasks, par-
ticularly for those requiring more agility, defined as the abil-
ity to change direction or accelerate or decelerate rapidly,
like jumping sideways or running with rapid turns, while
the Wii-Fit will have more impact on activities that involve
weight transfer and balance.

As the companies of devices keep changing their con-
soles, for therapeutic use it is important to disentangle the
training factors that are assumed to lead to the positive
changes in motor behavior. Therefore, it is of great value to
directly compare the effects of training on different devices
(Mentiplay et al., 2019). Moreover, if the effects are the
same, the results of studies using different devices may be
extrapolated. If not, more studies of the underlying proc-
esses of AVGs consoles are needed to establish the source of
the differences (available feedback, level of anticipation
required, kind of movement required, kind of games avail-
able). These results need to be mapped into the amount of
improvement per type of skill as they may be different for
balance, ball skills, running, or jumping.

To date little is known about the optimal motor skill
learning conditions for children with DCD (Blank et al.,
2019). Importantly, nowadays children may be more

engaged if they encounter training methods that connect
with their digital world. New tasks are a challenge for chil-
dren with DCD, which may limit their drive to explore new
motor activities. Particularly for those from areas with low
resources, where opportunities to remediate motor skills are
limited (Ferguson et al., 2014; Milander et al., 2016). Any
training opportunity for children with DCD, such as playing
AVGs, may improve motor skills in children. Hence, intro-
ducing AVGs in low resource areas offers an opportunity to
explore the impact of two commercial AVG devices on bal-
ance and agility skills. The aim of this study was to compare
the effect of the Nintendo Wii-Fit and Xbox Kinect on agil-
ity and balance tasks and to determine if there is a differen-
tial effect in children with DCD and TD.

Method

An assessor-blinded randomized comparator-controlled trial
was conducted in two elementary schools in S~ao Carlos, S~ao
Paulo, Brazil. Children identified as having DCD and their
age-matched peers were randomly allocated to receive either
Kinect or Wii training through balloting by an independent
person. The study was approved by the Human Research
Ethics Committee of the Federal University of S~ao Carlos,
with protocol number 89993118.8.000.5504/2018. All parents
and children signed the Informed Consent Form previously
to the study procedures.

Participants and diagnostic criteria for DCD

Children of 7–12 years old were recruited at two primary
schools in Sao Carlos. The sample size was calculated based
on earlier studies (Jelsma et al., 2014) (through G�Power
v3.1.9.2 software (Germany) for repeated measure (pre-post)
with two between subject groups (device and participant
group), assuming a power of 0.95, an alpha of 0.05 and an
effect size of 0.68, which estimated a total minimal sample
size of 16 per group to detect pre-post differences in agility
and balance outcomes assessed in this study.

Classification for DCD and TD followed a two-step pro-
cedure to confirm the four criteria for DCD of the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5; APA, 2013). The primary school age range was
chosen since children with motor problems are suggested to
be diagnosed at or above six years of age with DCD (Blank
et al., 2019). At first, parents were asked to fill out the
Brazilian translation of the cross-cultural adapted version of
the Developmental Coordination Disorder Questionnaire
(DCD-Q), to determine the presence of motor problems
according to parents (Prado et al., 2009). Secondly, children
were tested on the Movement Assessment Battery for
Children-second edition (MABC-2; Henderson et al., 2007).
The inclusion criteria for children with DCD were: at risk
for motor problems according to parents (DCD-Q); children
scored below the 16th percentile on the MABC-2; no diag-
nosis of a significant medical condition known to affect
motor performance on the parental questionnaire; no
repeated grade more than once, which affirmed the absence
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of intellectual disability. The inclusion criteria for TD chil-
dren were: not at risk for motor problems according to
parents (DCD-Q) and the children scored above the 16th
percentile on the MABC-2 and no diagnosis of a significant
medical condition known to affect motor performance nor
repeated grade more than once. The detailed recruitment
process is described in Figure 1.

Training protocols

The training protocols were built to enhance children’s bal-
ance and agility using active video games of Nintendo# Wii
Fit and Xbox Kinect# devices. The choices were made based
on similarities in movements and goals required in the
games as well as games commonly used in previous litera-
ture (Cavalcante Neto et al., 2020; Ferguson et al., 2013;
Jelsma et al., 2014, 2016; Smits-Engelsman et al., 2017).

Nintendo Wii Fit
The Wii Fit Plus device uses a remote controller and a Wii
Balance Board (WBB) on which the child stands. The WBB
has four sensors in each corner and is calibrated according

to each child’s weight. The sensors measure the child’s dis-
placements of the Center of Pressure (CoP), which is pre-
sented on the screen as a red or blue dot. The WBB has
been found valid and reliable for assessing static balance in
comparison to a laboratory-grade force plate (Clark et al.,
2010). The children played 10 pre-selected Wii Fit balance
games weekly (Jelsma et al., 2014). On the first training day
of the week, children played five games twice in a fixed
sequence with 20min total time on task: Soccer heading,
Table tilt, Ski jump, Balance bubble, and Penguin slide. On
the second day of the week, the children played five differ-
ent games: Snowboard slalom, Kung fu, Obstacle course,
Skate boarding, and Perfect 10. Kung fu was the only game
that used two controllers besides the balance board.

Xbox Kinect
The Xbox Kinect (Microsoft) is an active video system with
an infrared camera, used as a 3D sensor to detect body con-
tours and body movements. This system provides a control-
ler-free type of gaming in which the child uses body
movements to control the avatar on the screen. Children
played nine pre-selected games of Xbox adventure and Xbox

Assessed for eligibility (n=81) 

Excluded (n=13) 
♦ Not meeting inclusion criteria (n=03) 
♦ Declined to participate (n=10) 
♦ Other reasons (n=0) 

Analysed (n=34) 
♦ Excluded from analysis (give reasons) (n=0)

Lost to follow-up (n=0) 
Discontinued intervention (give reasons) (n=0) 

Allocated to Wii-training (n=34) 
♦ Received allocated intervention (n=34)
♦ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0) 
Discontinued intervention (n=0) 

Allocated to Kinect-training (n=34) 
♦ Received allocated intervention (n=34)
♦ Did not receive allocated intervention (n=0)

Analysed (n=34) 
♦ Excluded from analysis (n=0)

Allocation 

Analysis 

Follow-Up

Randomized (n=68) 

Enrollment 

Figure 1. CONSORT Flow diagram of children’s recruitment process of the study.
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sport, weekly with 20min total time on task per session. On
the first training day of the week, the children played five
games of Xbox adventure: River rush, Rally ball, 20,000
Leaks, Reflex ridge, and Space pop. Each game was per-
formed twice. On the second day of the week, children
played four games of Xbox Sport: Track and field, Football,
Beach volleyball, and Table tennis. As these Xbox Sports
games were more time-consuming, children played these
games only once.

Instruments

For background information the Developmental Coordination
Disorder Questionnaire (DCD-Q) and Self-developed Parental
Questionnaire were used.

The DCD-Q is a well-known, norm-referenced questionnaire
for parents/caretakers and consists of 15 questions on a 5-
scale score, related to the motor ability of children and is
validated for Brazil, with high internal consistency (alpha ¼
0.92) (Wilson et al., 2009).

A parental questionnaire was used to gather information
regarding the child’s birth, developmental milestones, and
medical history. A short interview with parents and teachers
was conducted to understand the children’s developmental
process and eliminate possible co-occurring conditions.

Also, the children’s BMI was calculated using height and
body weight (kg/m2) to characterize their anthropometric
profile. Children’s height and weight were measured with a
portable stadiometer (Type Welmy W110H; range
60–200 cm; precision 1mm) and with a portable scale (Type
Welmy W110H; range 0.01–200 kg; precision 0.01 kg),
respectively.

Balance and agility
The balance items of the MABC-2, Yoga standing knee test and
the agility items of the PERF-FIT were the primary outcomes of
interest for the study.
Movement Assessment Battery for Children-2nd edition
(MABC-2)

The MABC-2 consists of eight motor skill items divided
over three different domains: Manual Dexterity (three
items), Aiming and Catching (two items), and Balance
(three items). Raw scores are converted into standard scores
and can be summed up and recoded into a Total Standard
Score or a percentile score. The MABC-2 is known for good
inter-rater reliability and criterion validity (Henderson et al.,
2007; Wuang et al., 2012). Total MABC-2 score was used to
classify motor performance. The balance items of the
MABC-2 were used for pre-post comparison.

Yoga Stance-Nintendo Wii Fit
The Yoga Stance is the Yoga Standing Knee test option of
the Wii Fit (Bonney et al., 2017b). A virtual trainer instructs
the correct position of the Yoga Stance step by step. The
child stands on one leg on the balance board for 30 s and is
instructed to keep a red dot, representing their CoP, within
a yellow area. The Wii calculates the steadiness of the sway

of the CoP to provide the score (maximum 50 points per
leg). All children completed two trials for each leg. The
mean scores per leg of the Yoga Stance were used for pre-
post comparison.

PERF-FIT
The Performance and Fitness (PERF-FIT) battery is a valid
motor tool for children in low resource areas, with excellent
reliability (ICC 0.99) and good test–retest reliability (ICC �
0.80) (Smits-Engelsman, Smit, et al., 2021), excellent content
validity (content validity index ranging from 0.86 to 1.00), a
good structural validity (factor analysis ranging from 0.41 to
0.79) and known group validity for children with DCD
(Smits-Engelsman, Bonney, et al., 2020; Smits-Engelsman,
Cavalcante Neto, et al., 2020). The PERF-FIT has two sub-
scales: Motor Performance and Agility and Power, with five
items each (Smits-Engelsman, 2018). The agility items of the
subscale Agility and Power were chosen for this study,
which uses an agility ladder. All items have a practice trial
and two test trials. The best score is used in the analysis.

Running and stepping
An agility ladder with nine squares is placed on the floor
and children are instructed to step into each square as
quickly as possible, make a 180-degree turn at the other
end, and run back to the starting position. The standard
procedure is to start with both feet behind the crossbar of
the first square and complete the test when they are back
over the start bar with two feet on the floor. In the running
item, the participant is required to run forward placing one
foot in each square while in the stepping item two feet have
to be placed in each square. The assessors record the time
and the number of mistakes performed by each child
(Smits-Engelsman et al., 2019). The scores are calculated in
seconds and a time penalty is given according to the num-
ber of mistakes.

Side jump
Children start in two first squares of the agility ladder, plac-
ing one foot per square. Children are instructed to jump
sideways with both feet one square further to the right and
back to the left side as fast as possible during 15 s without
touching the bars. The number of correct side jumps is
counted. The agility items of the PERF-FIT were used for
pre-post comparison.

Sprint tests
The Shuttle run item of the Bruininks-Oseretsky test-2 and the
10� 5 m sprint test were the secondary outcomes of interest for
the study.
The Bruininks-Oseretsky test second edition (BOT-2) Shuttle
run item

The BOT-2 test (Bruininks & Bruininks, 2005) consists of
eight gross and fine motor tests, of which we used the shut-
tle run item of the Running speed and agility component.
This item has excellent test-retest reliability (ICC ¼ 0.89)
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(Bonney et al., 2019) and was used to test the anaerobic cap-
acity and agility. Children have to run 15.24 m straight, pick
up an object and run back 15.24 m to cross the starting
line. The time was recorded in a tenth of seconds. Two trials
were performed, and the best score was used in the pre-
post analysis.

10 � 5 m sprint test
This test assesses the anaerobic capacity, in which children
run 10 sprints back-and-forth with sharp turns over 5 m at
maximum speed (a total of 50 m) with no breaks. The total
time in a tenth of seconds is recorded between the start sig-
nal and the moment both feet crossed the finish line. The
10� 5 m sprint test showed good reliability in a population
of children with DCD (ICC ¼ 0.81–0.92) (Bonney et al.,
2019). Two trials were performed and the best score was
used for the pre-post analysis.

Procedure

All parents of children from grades 3 to 5 were asked for
permission by letter to have their child participate in the
study. After consent, the parents completed the DCD-Q and
the parental questionnaire. Based on this information, the
children at risk for DCD were selected and tested in their
school environment by qualified assessors on the MABC-2.
Through this procedure, 34 children with DCD were
selected and class-matched with 34 typically developing
(TD) children with a DCD-Q score in the normal range and
a score above the 16th percentile on the total score of the
MABC-2. Then the interviews with all parents of the
selected children were held, which revealed no other neuro-
logical conditions or intellectual disabilities for both groups
of children. All children were tested on the MABC-2 balance
items, Wii Yoga stance, PERF-FIT agility items, BOT2-shut-
tle run, and 10� 5 m sprint at pre- and post-test. The chil-
dren were matched in pairs based on MABC-2-scores and
stratified randomization was done to allocate one child of
each pair to the Wii or the Kinect group.

The training started the week after the pretests. Four tele-
vision monitors were set up in a classroom at the schools
and either connected to two Nintendo Wii Fit consoles or
two Xbox 360 Kinect consoles. All children played for
20min time on task 1–2 sessions per week for nine sessions
in total, during a period of 5 weeks. Four children simultan-
eously played the games under the direct supervision of two

professionals (one physical education teacher and one
physiotherapist) with the equipment distributed in such a
way that children had no sight on the monitor of the other
children. The time and duration of the intervention protocol
were chosen based on previous studies (Jelsma et al., 2014;
Smits-Engelsman et al., 2017) and according to the schools’
schedule and children’s availability intending not to disturb
their lessons at school for too long. Children were offered
an opportunity to catch up if they missed a training session,
preferably during the same or next week. One week after the
last training the post-test was administered by therapists
blinded to the type of device, diagnosis of DCD, and pre-
test scores.

Statistical analyses

The independent t-test was used to test for differences in
demographic and selection variables and the chi-square test
to compare gender distribution between training groups at
baseline. A General Linear Model (GLM) repeated measures
analyses were used to test the main effect of time (pre- and
post-test values) for the balance, agility, and running tasks
(within subjects) and if the effect was different for the two
training protocols (between group factor: Wii and Kinect)
or between TD and DCD groups. Cohen’s d was calculated
to compare the effect sizes of training and classified as small
(d¼ 0.20), moderate (d¼ 0.50), or large (d¼ 0.80) (Cohen,
1988; Sullivan & Feinn, 2012). Paired t-test evaluated the
differences between pre- and post-measurements per device
in case of interactions.

Additionally, we calculated the frequencies of children
that changed� the smallest detectable difference (SDD) per
instrument considering the reference values from previous
literature (Bonney et al., 2019; Holm et al., 2013; Smits-
Engelsman, Smit, et al., 2021). The differences in frequency
of improvement scores were tested through chi-square test
for groups and protocol. The total SDD score was calculated
as the sum of the times children changed� SDD on the
MABC-2 Balance, 10� 5 m sprint, BOT2-Shuttle Run,
PERF-FIT Side jump, PERF-FIT Running and PERF-FIT
Stepping, with a maximum score of six. Differences in the
total SDD score were tested with Mann Whitney U-test. The
statistical analyses were carried out with Statistical Package
for the Social Sciences (SPSS 25.0 version, IBM Corp, 2017)
with the significant level set at p< 0.05.

Results

Sixty-eight children were recruited (34 boys, 34 girls), aged
(mean 9.3; 1.01 SD), with 34 children classified as having
DCD and 34 TD children. At baseline, no differences were
found between the groups of children assigned to the Wii or
Kinect training protocols on the age, BMI, distribution of
gender, DCD-Q, MABC-2 component Balance, age, and
BMI. Regarding gender distribution, no significant difference
was observed among DCD and TD groups (p¼ 0.22), but
the DCD-Q and MABC-2 component balance differed sig-
nificantly (Table 1).

Table 1. Characteristics of children with DCD and TD children per device.

Variables
DCD Kinect n¼ 17DCD Wii n¼ 17TD Kinect n¼ 17 TD Wii n¼ 17
Mean SD Mean SD Mean SD Mean SD

Age 9.1 1.0 8.9 1.2 9.2 0.7 9.8 1.2
BMI 17.6 3.9 17.6 4.6 17.6 4.7 17.6 3.9
DCD-Q� 43.9 9.0 46.1 7.0 63.4 5.9 65.0 6.6
MABC-2 TSS� 4.7 1.5 4.7 1.5 9.9 1.3 9.6 1.3
Gender#
Boys (n/%) 9 (52.9) 11 (64.7) 6 (35.3) 8 (47.1)
Girls (n/%) 8 (47.1) 6 (35.3) 11 (64.7) 9 (52.9)

TSS: Total Standard Score.�Significantly different between TD and DCD p< 0.01.
#No significant differences between gender through x2 test (p> 0.05).
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Effect of training

Repeated measures analyses revealed a main effect of time
for MABC-2 component balance standard score [F(1,64) ¼
35.74; p¼ 0.01], Wii Yoga stance—right leg [F(1,64) ¼ 13.92;
p< 0.01], Wii Yoga stance—left leg [F(1,64) ¼ 11.29;
p< 0.01], PERF-FIT agility ladder—stepping [F(1,64) ¼ 11.34;
p¼ 0.02], and PERF-FIT side jump [F(1,64) ¼ 42.68;
p< 0.01]. No significant differences (p> 0.05) were observed
for BOT-2—shuttle run, the 10� 5 m sprint and PERF-FIT
Ladder running. The results and effect sizes are shown in
Table 2.

Effect per training protocol

No significant main effect of training protocol was found,
indicating that training on both devices was associated with
similar effects. No significant interaction of time and device
was shown.

Effect per group

A large main effect of the group was found. No interaction
of device by group emerged on any of the variables, indicat-
ing no difference in improvement for both groups of chil-
dren training on the Wii or Kinect. Although the children
with DCD scored significantly poorer on all tests, there were
no significant differences in the effect between children with
and without DCD. One 2-way interaction emerged (group-
� time) [F(1,64) ¼ 10.88, p< 0.01, np

2 ¼ 0.14], showing that
children with DCD improved more on the balance score of
the MABC-2 than TD children. The means (SD) per device
per group are presented in Table 3.

Individual response to intervention

Figure 2 shows the number of children from the Wii and
Kinect group, that improved at or more than SDD on the
MABC-2 Balance, PERF-FIT Side jump, PERF-FIT Running
and PERF-FIT Stepping, BOT2-Shuttle Run, 10� 5
m sprint.

More children with DCD scored higher on the SDD
scores compared to TD children (z ¼ �3.32, p< 0.01),

indicating that more children with DCD benefited from the
training than TD children (see Figure 3). No difference in
total SDD score between consoles was found for the TD
children (z ¼ �0.55, p¼ 0.58), nor was this difference pre-
sent within the DCD group (z ¼ �1.25, p¼ 0.21).

Overall, 44.1% of the children presented no change on
any of the six outcomes. Related to groups, 65% of the TD
children showed no change while this was only 24% of the
children with DCD, meaning that 76% of the children with
DCD improved on at least one of the outcomes beyond the
SDD (Figure 3).

Discussion

This is the first study to directly compare the effect of train-
ing with Nintendo Wii and Xbox Kinect on agility and bal-
ance outcomes in children with DCD and typically
developing children. Improvements over time were observed
in balance and agility tasks (MABC-2 total and component
balance, Yoga stance, PERF-FIT stepping, and side jump),
independently of the training protocol. Our hypothesis was
that the free body movements required when playing games
on the Kinect would result in a stronger transfer effect to
the motor test outcomes because the movements share more
identical elements with the tasks trained in the games, like
jumping and squatting, which proved not to be the case. In
fact, both training protocols yielded improvements in motor
tasks that were not directly trained. Only one outcome
yielded differences between groups and one outcome
between training protocols. Children with DCD improved
more on the component balance of the MABC-2 which is
due to the ceiling effect in the TD children of these items
(Smits-Engelsman et al., 2015).

We expected the Kinect to improve responses also needed
in agility skills and in contrast, the Wii, which trains weight
shifts, was predicted to provide more benefits in balance
tasks. However, these hypotheses were not confirmed. For
example, the PERF-FIT Side jump, a test of agility with fast
weight shifts was significantly better after training in both
the Kinect group and in the Wii group.

It appears as if there is a common component in the
AVGs played on the two consoles associated with an
improvement in balance and agility. Improved postural

Table 2. Mean score (SD) and main effect of time (pre- and posttest outcomes) with F-, p-values and Cohen’s d effect size; Mean score (SD) and main effect of
participant group (DCD/TD) with F-, p-values and Cohen’s d effect size.

Variables

Time mean (SD)

F-test p-Value Cohen’s d

Group mean (±SD)

F-test p-Value Cohen’s dPretest Post-test DCD TD

Balance
MABC-2 balance score (ISS)$ 8.5 (3.8) 10.3 (3.2) 35.7 <0.01 0.51 6.6 (2.0) 12.1 (2.0) 143.0 <0.01 2.75
Yoga stance right (s) 29.2 (14.7) 34.4 (10.2) 13.9 <0.01 0.41 27.1 (11.1) 36.5 (8.5) 14.0 <0.01 0.95
Yoga stance left (s) 25.4 (17.0) 32.0 (12.2) 11.3 <0.01 0.45 23.9 (12.0) 33.5 (11.6) 12.1 <0.01 0.81

Agility
PERF-FIT—stepping (s) 14.5 (2.9) 13.4 (2.6) 11.3 <0.01 0.40 15.6 (2.7) 12.4 (1.4) 53.1 <0.01 1.49
PERF-FIT—side jump 19.9 (6.1) 23.8 (6.7) 42.7 <0.01 0.61 18.7 (5.0) 24.9 (6.6) 27.7 <0.01 1.06

Running
PERF-FIT—running (s) 7.4 (1.3) 7.3 (1.3) 0.5 0.50 0.08 8.1 (1.0) 6.6 (1.0) 42.3 <0.01 1.50
BOT2—shuttle run (s) 9.1 (0.9) 9.3 (0.8) 2.1 0.14 0.24 9.6 (0.9) 8.9 (0.7) 16.0 <0.01 0.87
10� 5 m—sprint (s) 23.5 (2.4) 23.4 (2.5) 0.8 0.36 0.04 24.6 (2.9) 22.2 (1.5) 24.0 <0.01 1.04

No other significant interactions were found for Time�Group, Time�Device or Time�Group�Device. Bold indicates significance < 0.01.
$Significant interaction Time�Group (p< 0.01).
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control may be the common component because good pos-
tural control is key to proficiency in many games in the
Kinect and Wii tasks and improvement in this ability may
be associated with the improvements observed in the chil-
dren. A possible explanation for our finding of equivalence
between the devices is that Wii and Kinect provide an equal
dosage of augmented feedback and the children spent a
comparable time on task with an equal amount of training.

Augmented feedback, a recognized advantage of VR tech-
nology (Wang & Reid, 2011) may have helped to learn a
more precisely timed postural anticipatory response.
Although, it is known that VR training has a significant
effect on the development and the online adjustments of
movements in response to external cues (EbrahimiSani
et al., 2020), the mechanisms by which video-game play trig-
gers such as plasticity and motor control improvements
remain to be elucidated. Nevertheless, there are some over-
arching game components, such as the need to constantly
predict when and where events of interest may occur and
the powerful motivational aspect of the games. This makes
the children eager to repeat the games, which may help
movement automatization. The representation on the screen
of each body response results in the awareness of the time
and speed needed to approach the targets or avoid an obs-
tacle. This may have aided the visuomotor adaptation to
improve speed and thus anticipation in agility tasks.
Apparently, training on both devices could consolidate this
motor control aspect in a similar way.

Despite their motor acquisition problems, children with
DCD managed to improve on balance tasks. Training with
AVGs has been associated with improvement of balance
skills in several studies in both children with and without
DCD in different societies (Bonney et al., 2017a; Hammond
et al., 2014; Jelsma et al., 2014; Mombarg et al., 2013). The
participants in the current study come from a similar low
resource context as the children with DCD from a study
conducted in South Africa (Smits-Engelsman et al., 2017),
who improved similarly on balance after a five-week Wii-Fit
training. Hence, the fact that children with DCD can
improve on balance and agility skills seems independent of
cultural background and, as shown in this study, also inde-
pendent of device type.

Most of the changes after training range from just below
to just above a moderate effect size in this study. This con-
trasts with the effect sizes presented in the South African
studies using Wii training, in which strong effect sizes, rang-
ing from d¼�0.95 to d¼�2.10, were observed for balance
outcomes in children with DCD (Bonney, Ferguson, et al.,
2017; Smits-Engelsman et al., 2017). However, two other
studies (Cavalcante Neto et al., 2020; Ferguson et al., 2013)
found comparable moderate effect sizes (ranging from
d¼ 0.41 to d¼ 0.48) on Balance outcomes of children with
DCD, after training on the Wii as in the current study.
Importantly, there are no studies yet that use the Kinect to
train and compare outcomes in children with DCD and
TD children.

Generalizing the results of AVG studies should be done
with caution due to the different participant characteristics,Ta
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training protocols, settings, and intensities. In our study,
even though the children played different games on different
devices, the effect in several motor tasks was similar.
Because the duration per session and frequency varies
between the AVG protocols studied so far, it remains
unknown which element of training works best. Training
sessions in reported studies ranged between 20 and 45min
time on task and were offered once (Bonney, Ferguson,
et al., 2017; Smits-Engelsman et al., 2017), twice (Cavalcante
Neto et al., 2020) or three times (Ferguson et al., 2013) a
week for a period of five (Smits-Engelsman et al., 2017), six
(Ferguson et al., 2013), eight (Cavalcante Neto et al., 2020),
or 14weeks (Bonney, Ferguson, et al., 2017). Comparing the
outcomes of these studies, the increased intensity of training
resulted in stronger effect sizes. Future research should take
a longer period than five weeks of intervention into
consideration.

No improvements were found in the sprinting or running
items. These tasks require anaerobic capacity and obviously,
the training load of the AVG protocols used in this study
was not focused on or specifically trained to sprint (Bonney
et al., 2018; Smits-Engelsman, Bonney, et al., 2021).
However, recent studies have demonstrated that graded
active video exercises are a feasible approach to promoting

physical fitness in children with DCD (Bonney et al., 2018;
Smits-Engelsman, Bonney, et al., 2021; Smits-Engelsman
et al., 2017).

Lastly, we should highlight that the number of children
with DCD that improved more than the SDD is larger than
the number of TD children. Of all children with DCD, 76%
improved more than the SDD on at least one outcome,
while it was 35% of the TD children. Obviously, room for
improvement on the tools used, is limited for TD children,
when scoring relatively close to the maximum at pretest.
Importantly, it attests to the benefits of using active video
games for children, particularly for those with DCD, who
need intervention for their impaired motor skills. Although
many children gained skills, if we examine for instance the
results on the MABC-2 Balance, 35% of the children with
DCD improved. Therefore, it is worth exploring the differ-
ences between responders and non-responders. Further
studies exploring the effect of more intensive AVG training,
more targeted games, or certain combinations of AVG and
more conventional training are indicated.

There were limitations of this study. The changes after
training could not be compared with changes over a period
of time in a control group and therefore the effect of matur-
ation has not been controlled for. However, the time of
training was short and we chose to use a comparator study
design to avoid having one group receiving no training at
all. Limited time and school holidays hampered to offer the
training sequentially after a period of no training. Secondly,
the post-measurements were conducted at the end of the
school year, when most children already had finished their
exams and were on school vacation. Therefore, some
children needed to come to the school only to finish the
post-measurements, which could have influenced their
motivation. Leaving aside all limitations, AVGs are still
good resources for children to train motor skills. Both Wii
and Kinect can support physical education teachers in their
classes at schools or clinicians in their practice, even if only
for 20min twice a week. Similarly, to the scenario of this
study, there are a lot of other schools situated in low resour-
ces areas where many children need an opportunity to
become more successful in playing active games. AVGs
training with commercially available devices might be a feas-
ible and affordable option. As observed in this study, chil-
dren improved their motor skills using a small space at their
school facilities and these AVGs could be part of the cur-
riculum content, as long as they are available at schools. In
conclusion, more studies comparing training on different
devices with a control group are needed to elucidate the
impact on the motor ability to confirm our findings and to
find the optimal intensities.

Conclusion

In this comparator study, both Wii and Kinect revealed
similar positive effects on balance and agility outcomes in
both children with DCD and typically developing children
after five weeks of training. Apparently, a short period of
AVG training that challenges postural adjustments and

Figure 2. Number of children who improved at or above the smallest detect-
able difference (SDD) in the Wii and Kinect groups per outcome measure. Note.
MABC2: Movement Assessment Battery for Children 2nd edition; TSS: Total
Standard Score; BOT2: Bruininks Oseretsky Test 2nd edition; PERF-FIT:
Performance and Fitness battery. �Significant difference between Wii and
Kinect groups; #Significant difference between DCD and TD children within the
Wii group.

Figure 3. Percentage of children (DCD and TD) that improved at or above the
smallest detectable difference (SDD) per total improvement score between Wii
and Kinect groups. DCD: developmental coordination disorder; TD: typic-
ally developing.
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offers a high dosage of augmented feedback, results in
improvements of other motor tasks in standardized tests.
No significant changes were observed in running-sprint
tasks after training for either children with DCD or TD chil-
dren. Importantly, the majority of the children with DCD
presented with a change on at least one of the motor tasks
after training with either Wii or Kinect.
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