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A B S T R A C T   

The purpose of this study was to compare performance of children with Developmental Coordi-
nation Disorder (DCD) and typically developing (TD) children in a dual task paradigm with a 
dynamic balance task on the Wii Fit as primary task and a concurrent cognitive (counting) or a 
concurrent bimanual fine motor task as secondary tasks. 

Using a cross-sectional design, 25 children with DCD and 38 TD children were assessed with 
the Movement Assessment Battery for Children, 2nd edition (MABC-2) and Divided Attention 
(DA) task of the KiTAP. Next, the single- and dual-tasks were performed and the level of inter-
ference or facilitation of the dual tasks was calculated. Regression analysis determined the pre-
dictive value of the DA and MABC-2 component balance outcomes on the dual task performance. 
On the motor and attentional tasks, the group of children with DCD scored significantly below the 
level of the TD children. The dual task effect showed similar interference and facilitation of tasks 
in the different dual-task conditions in both groups. 

In the dual task-cognitive condition, the divided attention abilities and the MABC-2 balance 
score predicted 25% of the Wii Fit dynamic balance task performance, whereas in the dual task- 
motor condition this was higher (31.6%). In both conditions, DA was a stronger predictor than 
MABC balance score and appears to be an important factor to consider when developing motor 
task training for children with DCD.   

1. Introduction 

Everyday life activities require the simultaneous execution of multiple tasks, e.g. riding a bicycle while judging the surrounding 
traffic and chatting with a friend, or dribbling with a ball while watching the opponents and avoiding the keeper when aiming for a 
goal. In order to multitask, supporting processes are needed in the brain. Activities like riding a bicycle from home to school require 
processes that predict future states of the moving limbs supporting real-time control by recruiting specific motor units to generate 
appropriate forces (Chvatal & Ting, 2012; Dominici et al., 2011; Duysens & Forner-Cordero, 2018). The level of sensorimotor control 
determines how smooth and precise goal directed movements will be executed. The sensory systems, such as the selective-spatial 
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orienting system, are providing the necessary information and perception. Attention and control of the processing of relevant infor-
mation to the allocated resources allows us to choose what information will be used or inhibited. The Attention Network Theory 
(Posner & Petersen, 1990) involves separate functions of attention, viz. alerting, orienting and executive control. Alerting involves the 
arousal and/or anticipation of an expected event; the orienting function of attention selects the one source of information for pro-
cessing, among other sources, while the executive control attention is needed in more complex response situations like doing two 
things at once (McDowd, 2007). Obviously, interaction of these attention networks is required, but the distinction may help to un-
derstand the normal functioning of attention versus deficits in attention. 

Executive control attention allows to divide attention and process more than one task at a time. Usually, children with typical 
development can perform two tasks at the same time with little or no interference in performance, especially when tasks are easy. 

After repeated practice and sufficient experience, movements can be performed on an automated level and no longer require all 
available sources of visual feedback, for example, fixation on the highest point in space of the ball trajectory in skilled juggling (Nickl, 
Ankarali, & Cowan, 2019) or blind typing (Snyder, Logan, & Yamaguchi, 2015). 

Children with Developmental Coordination Disorder (DCD) acquire and execute motor skills substantially below the level that is 
expected given their chronological age and opportunity for skill learning (APA, 2013). Not reaching this typical level of motor per-
formance will inevitably impact the simultaneous performance of multiple tasks (APA, 2013; Wilson et al., 2017). One of the ex-
planations of the decrease in performance when children with DCD concurrently perform two tasks is the automatization deficit 
hypothesis. This deficit comprises the mechanism that when the attention is focused on a more challenging task, e.g. a cognitive task, 
the second e.g. a motor task like walking is performed slower (Patel, Lamar, & Bhatt, 2014; Schott, El-Rajab, & Klotzbier, 2016). When 
the second task consists of a balance task more variability and sway is shown (Chen, Tsai, Stoffregen, Chang, & Wade, 2012; Laufer, 
Ashkenazi, & Josman, 2008; Tsai, Pan, Cherng, & Wu, 2009). Apparently, dividing attention between two tasks is a problem for 
children with DCD (Wilson et al., 2017), but so far it is unknown how large the roles of dividing attention and motor abilities are in the 
decline of motor performance in dual tasks as compared to single tasks. 

A dual-task paradigm is a procedure for studying the effect of two simultaneously performed tasks (Navon & Gopher, 1979). If one 
of the tasks is easy or well trained, sufficient resources are available for the demands of the concurrent cognitive or motor task to 
prevent interference. So far, primary motor tasks used in such dual-tasking paradigms were: walking, while carrying a tray or pitcher, 
counting forward or backwards, following a path with increasing sequential numbers and letters (Abbruzzese et al., 2014; Cherng, 
Liang, Chen, & Chen, 2009; Patel et al., 2014; Schott et al., 2016); two-legged standing while counting backwards, responding to a 
stimuli auditory or by pressing a button or remembering items (Mitra, Knight, & Munn, 2013; Tsai et al., 2009); or standing on one leg 
while responding to a letter or number on a monitor (Liebherr, Weiland-Breckle, Grewe, & Schumacher, 2018). The dual-task costs 
seemed dependent on the complexity of the concurrent cognitive or motor tasks in adults (Liebherr et al., 2018; Mitra et al., 2013; Patel 
et al., 2014) and was greater in school-aged children than adults (Abbruzzese et al., 2014) and in children with DCD compared to peers 
(Cherng et al., 2009; Schott et al., 2016). 

One of the models used to explain dual task outcomes is the Multiple Resource Model of Attention (Wickens, 2002). It represents 
four dimensions, viz. processing stages, perceptual modalities, visual channels and processing codes. Based on this model, it can be 
predicted that for some dual tasks, the performance even improves if the concurrent task is recruiting resources from a domain that is 
different from the domain of the other task (Leitner et al., 2007) or is less hampered when compared to a concurrent motor task if this 
task can be performed on an automated level (Manicolo, Grob, & Hagmann-von Arx, 2017). 

However, due to lower levels of automatization, children with DCD may need more attentional resources, which could lead to a 
cognitive overload and may appear as attention deficits. The lower level of motor performance, and subsequent cognitive overload, 
may be misdiagnosed as deficits in attention or Attention Deficit Hyperactivity Disorder (ADHD). Besides, it is known that children 
with DCD present problems with attention and executive functioning which seem to interfere with motor performance (Asonitou, 
Koutsouki, Kourtessis, & Charitou, 2012). Therefore, it is important for the present study to choose a primary task that can be executed 
without too many constraints and can be recorded easily, such as a dynamic balance task on the Wii Fit balance board, which requires 
timed weight shifts in a standardized setting. It is known that this task is suitable to measure motor performance of children with DCD 
(Bonney, Jelsma, Ferguson, & Smits-Engelsman, 2017; Hammond, Jones, Hill, Green, & Male, 2014; Jelsma, Geuze, Mombarg, & 
Smits-Engelsman, 2014; Mombarg, Jelsma, & Hartman, 2013; Smits-Engelsman, Jelsma, Ferguson, & Geuze, 2015). The commonly 
used concurrent cognitive tasks are the accuracy of counting backwards and verbal fluency (Plummer & Eskes, 2015), which can be 
(too) hard for children. However, auditory target detection tasks are less dependent on the arithmetical skills of children, fluency of 
speech and recollection of words, and therefore more suitable because children only need to be able to count. 

Given that we use a dynamic balance task on the Wii Fit, it is important to select a concurrent motor task that does not disturb the 
Centre of Mass and can be performed without visual control. Therefore, a fine motor task, like repetitive crossing fingers, seems to be a 
suitable task. The dynamic balance task requires visual control of the trajectory and the movements of the avatar, so it is important that 
the fine motor task once rehearsed properly, can be executed without continuous visual control. 

The main aim of this study is to disentangle dividing attention in children with DCD as compared to typically developing (TD) 
children using a dual task paradigm with a dynamic balance task on the Wii Fit as primary task and a concurrent secondary cognitive 
(counting) or a concurrent secondary bimanual fine motor task. It was hypothesized that the secondary motor task, as compared to a 
secondary cognitive task, would cause a larger change in the primary task (Wii Fit performance). This is expected because the two 
concurrent motor tasks rely on the same resource pools, which may lead to more interference. Additionally, we expect to find a larger 
interference in the primary task (Wii Fit performance) in the DCD group compared to the TD group, but no difference will be found 
between groups in the secondary cognitive task. 

Our approach is as follows. First, we will determine differences in single task performance of the 3 tasks between the TD and DCD 
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groups. Secondly, the hypothesis that the concurrent cognitive task will affect the primary motor task less than the concurrent motor 
task will be tested. Thirdly, we expect that the effects of the dual tasks will be more pronounced in the DCD group. Lastly, we examined 
how much of the performance in the primary motor task in the dual conditions could be explained by cognitive factors (dividing 
attention) and motor factors (balance). 

2. Methods 

2.1. Participants 

Children with DCD were over a time span of three years recruited from a pediatric physical therapy practice or were referred by 
teachers of special education schools. The children, aged 7-12 years, were selected: if they scored at or below the 16th percentile 
(standard score < 8) score on the Movement Assessment Battery for Children 2nd edition (MABC-2) and subtest balance (Criterion A); 
and were identified as having a motor coordination problem by the teacher based on poor motor performance during PE lessons or in 
the playground, poor handwriting skills and motor problems related to eating and drinking in the classroom (Criterion B); whose 
parents or teachers and age confirmed the onset is in childhood (Criterion C); whose parents reported no diagnosis of a significant 
medical condition known to affect motor performance and whose teacher stated the children did not show signs of intellectual or 
cognitive impairment based on the school records (Criterion D). All 24 children fulfilled these criteria of the DSM5 for DCD (APA, 
2013). A group of 36 typically developing (TD) children were selected as controls at two elementary schools, with no behavioral or 
intellectual problems as indicated by their teachers and no medical or neurological diagnosis according to their parents (Fig. 1). 
According to the available school records or parent information, IQ-test outcomes, if present, and co-occurring developmental dis-
orders were recorded among the selected participants. The school records reported IQ-results of the Wechsler Intelligence Scale for 
Children (WISC) and the Snijders-Oomen nonverbal intelligence tests (SON) was used for the children at a younger age. These tests 
were only available for some of the children and were important confirmations of absence of intellectual problems for our project. In 
the DCD group, two children had Autism Spectrum Disorder, one child Attention Deficit Disorder and one child Attention Deficit 
Hyperactivity Disorder and one child in each group (TD, DCD) had dyslexia. None of these children used medication related to 
behavioral problems. As data was collected in two rounds and the dual task with concurrent motor task was added to the protocol later 
on, the first eight children with DCD and 12 TD children did not do the dual task condition with the concurrent motor task (Fig. 1). 

The children with DCD and the TD children did not differ in age, height, or weight per round of data collection and in total 
(Table 1). Sex distribution was different between groups, as expected based on the prevalence of DCD (Kadesjö & Gillberg, 1998; 
Lingam, Hunt, Golding, Jongmans, & Emond, 2009). Therefore, we tested for differences between sex on the primary Wii outcomes 

n=60 children 

n=24 children with DCD 

n=8 
Wii ST, coun�ng ST, Wii-DT-C, KiTAP, 

MABC-2 

n=16  
Wii ST, coun�ng ST, Wii-DT-C, KiTAP, 

MABC-2   
and  

Wii-DT-M,  Fingercrossing ST 

n=36 typically developing children 

n=12 
Wii ST, coun�ng ST, Wii-DT_C, KiTAP, 

MABC-2 

n=24 
Wii ST, coun�ng ST, Wii-DT-C, KiTAP, 

MABC-2  
and  

Wii-DT-M,  Fingercrossing ST 

Fig. 1. Type and number of children participating. DCD=Developmental Coordination Disorder; ST = single task; DT-Wii-C = dual task Wii Fit with 
concurrent cognitive task; DT-Wii-M = dual task Wii Fit with concurrent motor task, MABC-2 = Movement Assessment Battery for Children-second 
edition; KiTAP = Kinderversion der Testbatterie zur Aufmerksamkeitsprüfung. 
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(ST, DT-Cognitive and DT-Motor) and found no significant (all p ≥ .110) differences between girls and boys. The TD and DCD groups 
differed significantly on the MABC-2 scores of both the total and the component balance score (Table 1). 

This cross-sectional study was approved by the Ethical Committee of Psychology of the University of Groningen (17379-S-NE) in 
agreement with university guidelines and ethical standards according to the Declaration of Helsinki. Written assent was obtained from 
all children and consent from their parents. 

2.2. Instruments 

2.2.1. The movement assessment battery for children-second edition (MABC-2) 
The MABC-2 (Henderson, Sugden, & Barnett, 2007) was used to test the children's motor performance. The MABC-2 is norm 

referenced for Dutch children aged from 3 to 16 years (Smits-Engelsman, 2010). The test contains three age bands ranging from three 
to six years, seven to ten and eleven to sixteen years. The MABC-2 is divided into three components: Manual Dexterity, Aiming and 
Catching and Balance. The component Balance encompasses static and dynamic balance. Each raw score is recoded into an item 
standard score; per section a component standard score was derived. The component Balance score was used to test balance perfor-
mance. The sum of all eight item standard scores can be recoded into a total standard score (SS) (range 1–19; mean score = 10; SD = 3). 
A standard score > 7 is regarded average/normal motor performance, 6–7 is considered to be indicative of at risk for motor problems 
whereas a score at or below the 5th standard score is indicative of a serious motor problem. The total standard score was used as 
inclusion criterion A (APA, 2013) for children with DCD (≤ 5th SS) and TD children (>7th SS). 

2.2.2. Wii Fit ski slalom task 
The Wii Fit ski slalom task is a dynamic balance task used as a single task and as a primary task in the dual task conditions of this 

study. The Wii is an interactive video computer system (Nintendo©) which includes a remote controller. The Wii Fit Plus includes a 
balance board (WBB) with Bluetooth connection to the console. The board contains four force plate sensors in the corners which 
measure the weight and calculate the center of pressure (COP) and the weight distribution. By moving the Centre of Mass (COM) 
sideways or forwards and backwards the subject can steer the virtual character on the screen by the software detection and calculation 
of COP displacement. In the Wii Fit ski slalom task, the COM is used to determine the speed and direction in which the Wii character on 
the screen is steered. If the child sways to the front or back, the avatar either speeds up or slows down and if the COM shifts to the right 
or left, the skiing character goes in that certain direction. Before the game starts, the console records the child's weight so the sensitivity 
of the balance board is normalized according to the weight. In the ski slalom game, the child has to pass through 19 gates along a ski 
slope as fast as possible. The gates vary in their position along the slope. The Wii software derives a Wii score as follows: Wii Score =
duration of the run in seconds (s) + (nr missed gates * 7 s). 

Thus, a higher Wii score reflects worse performance. The Wii score was recorded after each run. Compared to a force platform, the 
reliability and validity of the balance board has been reported to be good, indicating that the balance board is a valid assessment tool to 
measure balance (Clark et al., 2010; Jelsma, Smits-Engelsman, Krijnen, & Geuze, 2016). 

2.2.3. Counting task 
The cognitive task required the counting of animal sounds and reporting the count at the end of the task. The task lasted 20 s during 

which 15-17 alternating sounds of cats and cows were played as an mp3 sound file via a PC in a pseudo random way, that is, the same 
sound was never repeated more than twice. The child was instructed to count either the number of cat or cow sounds as target sound 
(range per animal 5-11 numbers). This task was used as single task and was combined with the Wii Fit ski slalom task in the dual task 
condition (referred to as Cognitive Dual Task (DT-Cognitive). The number of errors (incorrect counts of the sounds) was recorded. 

2.2.4. Crossing fingers task 
The crossing fingers (CF) task is a fine motor task. The child was asked to place the thumb of the one hand on the index finger of the 

other hand and vice versa to make a rectangle as starting position. Subsequently the lower connected thumb of the one hand and index 
finger of the other hand disconnect, both hands turn in opposite direction to reconnect as upper ‘pair’ (Appendix 1). The tester showed 

Table 1 
Demographic data of the TD and DCD group with mean values and test outcomes of differences between groups.   

TD-group (n = 36) DCD-group (n = 24) p-value p-value Order 1 (n = 20) p-value Order 2 (n = 40) 

Mean age (SD)* 10.3 (1.4) 9.8 (1.4) 0.185 0.734 0.203 
Sex boys:girls (n)# 19:17 20:4 0.015 0.264 0.027 
Height in cm (SD)* 147.5 (10.8) 143.5 (10.4) 0.165 0.938 0.129 
Weight in kg (SD)* 36.8 (9.3) 36.0 (9.2) 0.730 0.914 0.623 
IQ – 84.0 (11.1)  – – 
MABC-2 TSS* 11.1 (2.5) 3.4 (2.0) <0.001 <0.001 <0.001 
MABC-2 balance* 10.6 (2.1) 5.1 (2.4) <0.001 <0.001 <0.001 

TSS = Total Standard Score; SD = Standard Deviation. 
Bold indicates significance<0.05. 

* Tested with the independent t-test. 
# Tested with the chi-squared test. 
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the child how to cross fingers until, after some training, the child demonstrated the correct movement. The child then was asked to 
perform as fast as possible for 60 s in the single-task condition and during the Wii Fit ski slalom task in the dual-task condition (referred 
to as Motor Dual Task (DT-Motor)). The crossing fingers task was videotaped in order to count the number of correct crossings 
afterwards. 

2.2.5. Kinderversion der Testbatterie zur Aufmerksamkeitsprüfung – KiTAP 
The KiTAP is a test battery of attentional performance for children in the age range of 6-10 years (KiTAP) (Zimmerman, Gondan, & 

Fimm, 2005). This computer-based test has subtests that measure a wide range of attentional functions in child-friendly and non-verbal 
tasks. For the current study, we used the Divided Attention subtest (DA). The divided attention subtest takes four and a half minutes 
and assesses the child's ability to divide their attention between visual and auditory stimuli. The child sees an owl sitting in a window 
and when it closes its eyes the child has to respond. Simultaneously, two owls are hooting to each other alternately with different 
sounds and when occasionally one owl hoots twice in a row (twice the same sound), the child has to respond as well. Outcome 
measures are reaction time (RT) (in ms), standard deviation (SD) of the RT (as indicator for stability of performance), errors (incorrect 
responses to stimuli that are no targets), omissions (missed responses to stimuli that are targets) and correct responses (Sobeh & 
Spijkers, 2013). The KiTAP has been shown to be a reliable test for children aged 6 to 10 years (Renner, Irblich, Zimmermann, Gondan, 
& Fimm, 2007). 

2.3. Procedure 

The study was conducted by research assistants who were bachelor or master psychology students. One research assistant tested the 
child, while the other observed and recorded the data. All assessors were first trained by the principal investigator, in order to secure 
consistent testing. The children were tested in two sessions within two weeks at their school premises. The first session started with a 
practice trial of the Divided Attention (DA) task to familiarize the child with the task, followed by the DA-test. Next the MABC-2 was 
administered. The second session started with the single-task condition with two practice trials and two tests of counting animals, with 
15 s rest in-between. This was followed by two practice trials of crossing fingers and two tests of crossing fingers, each lasting one 
minute with again 15 s rest. Subsequently, the primary motor task - the Wii Fit ski slalom task - was practiced as single-task (ST) by two 
practice trials, followed by alternating the single-task conditions, dual-task cognitive conditions (Wii DT-Cognitive) and dual-task 
motor conditions (Wii DT-Motor) in pseudo-random order to prevent bias, as presented in Appendix 2. The secondary tasks lasted 
as long as the Wii task in the dual task condition. When in the rare occasion the child ended the Wii game very fast, it was required to 
continue counting until the end of the tape for the cognitive task. All children were rewarded with a Wii certificate, small present or a 
medal after completing the tests. 

2.4. Statistical analysis 

Data was checked for normality. Accordingly, independent t-test and chi-squared test were used to test demographical data for 
differences between groups. In the analyses of the Wii ski slalom task, runs 3 and 8 or 5 and 6 were used for the single-task condition, 
runs 5 and 6 or 4 and 9 for the Wii DT-Cognitive condition and 9 and 10 or 8 and 10 for the Wii DT-Motor condition (Appendix 2). The 
number of counting errors (in single and dual condition) was calculated relative to the total correct numbers as percentage correctly 
counts: (100-(number errors / number correct counts)*100). 

The mean number of crossing fingers in the single-task was divided by 60 s and in the dual-task by the seconds of the Wii Fit ski 
slalom game in order to compare the number of crossing fingers per second. The mean scores of the Wii ski slalom task were calculated. 

First, independent t-tests or non-parametric Mann Whitney-U tests were carried out to compare the TD and DCD groups with regard 
to their performance in the single cognitive and motor tasks as well as differences between total omissions (auditory and visual), RT 
and SD of the RT of the Divided Attention task. 

Second, GLM Repeated Measures tested the effect of conditions (Wii ST vs Wii DT-Cognitive; Wii ST vs Wii DT-Motor; ST-Cognitive 
vs DT; ST-Motor vs DT) and group (TD vs DCD) as between-factor on the performance measures of the Wii task. Additionally, the ratio 
of change in performance relative to the single-task condition was calculated to quantify the change in performance in dual-task 
conditions (DT-costs), for each of the DT conditions (Hall, Echt, Wolf, & Rogers, 2011). Since the higher values of the Wii scores 
indicate worse performance, a negative sign for these scores was inserted as follows (Plummer & Eskes, 2015): 

DT Wii-Cognitive costs (%) = (− (Wii DT-Cognitive – Wii ST)/Wii ST) *100. 
DT Wii-Motor costs (%) = (− (Wii DT-Motor – Wii ST)/Wii ST) *100. 
We used the following formula to quantify the dual task interference for the correct counts and crossing fingers task per second per 

child: 
Dual task correct counts costs = ((Mean percentage correct counts DT - Mean percentage correct counts ST)/ Mean percentage 

correct counts ST)*100. 
Dual task crossing fingers costs = ((Mean crossing fingers per second DT - Mean crossing fingers per second ST)/ Mean crossing 

fingers per second ST)*100. 
A negative median value indicates a relative deterioration (interference) of the performance and a positive value indicates a 

relative improvement in performance (facilitation) in the DT condition. 
Finally, linear logistic regression analysis was carried out in order to determine if the DA outcomes and the MABC-2 Balance 

standard score predict the Wii DT scores (level 1 DA total omissions (auditory and visual) and SD of RT; level 2 MABC-2 balance). 
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MABC-2 balance score was used rather than MABC-2 total score because the balance tasks of the MABC-2 are intuitively related to the 
dynamic balance skills required for the Wii ski slalom task. Significance levels of the regression model of fit indicate the usefulness of 
the tests compared with chance level and R2 values present the predictive value of the attentional task and/or the balance scores. A 
significance level of 0.05 was adopted. 

3. Results 

3.1. Group differences in task performance 

Groups (TD, DCD) differed significantly in the ST condition in mean percentage of correct counts (t(61) = 2.5, p = .015), the 
crossing fingers per second (t(37) = 5.3, p < .001) and the Wii score (t(61) = − 4.6, p < .001) (Table 2). Additionally, significant group 
differences were found in the number of omissions (t(61) = − 4.1, p < .001) of the Divided Attention task and in the SD of the reaction 
time (t(61) = − 3.02, p = .004), but the reaction time did not reach the level of significance (t (61) = − 1.99, p = .051) (Table 2). 

3.2. Cognitive dual task 

GLM Repeated measure analysis of the Wii scores revealed no main effect of dual task condition between the Wii ST and Wii DT- 
Cognitive (F(1,58) = 0.40, p = .532) and there was no interaction effect for group by condition (F(1,58) = 0.06, p = .809). However, a 
main effect of condition was found for the percentage correct counts (F(1,58) = 45.7, p < .001) with a significant decline in the dual 
task condition and the lack of interaction effect (group*condition: F(1,58) = 0.47, p = .497) showed that both groups responded similar 
to the conditions. The type of errors revealed that the TD group made more errors (they counted more than was accurate), while the 
DCD group missed more sounds during the dual task (Table 3). 

3.3. DT-Motor 

The GLM repeated measure analysis revealed a significant main effect of dual task condition, Wii ST versus Wii DT-Motor, (F(1,40) 
= 4.99, p = .031) with no interaction effect (group*condition: F(1,40) = 0.03, p = .876), implying a similar loss of performance in TD 
and DCD groups in the dual motor condition. Likewise, a main effect of condition was found in the crossing fingers (F(1,37) = 30.84, p 
< .001) with no interaction effect for group*condition (F(1,37) = 0.11, p = .739) (see Table 2 for Mean (SD) and Fig. 2). 

3.4. Dual task costs 

In the Wii DT-Cognitive condition, both groups improved relatively on the Wii task at the expense of the cognitive task. In the DT- 
Motor condition, both tasks showed a decline in score (Table 4). 

3.5. Predictive value of divided attention and balance 

Finally, the regression model revealed that 21% of the total variation of the Wii DT-Cognitive was explained by the Divided 
Attention task. When the MABC-2 balance score was added to the model, R2 increased to 26%. When we entered the MABC2 balance 
first into the model a lower percentage (16.2%) was explained of the Wii DT-Cognitive variance (Table 5). 

The regression model revealed that 28.8% of the total variation of the Wii DT-Motor was explained by the variables of the Divided 
Attention task. By adding the MABC-2 balance the explained variance increased slightly to 31.8%. When the MABC-2 balance was 
entered first into the model, a lower percentage (13.6%) of the Wii scores in the motor dual task condition (Wii DT-Motor) was 
explained, which increased to 31.8% after entering the DA task variables. 

Table 2 
Mean (SD) of the cognitive and motor tasks as single- and dual-task and t-, p- values and Cohen's d effect sizes of the comparison between the TD and 
DCD group.  

ST and DT variables TD group DCD group t-value p-value Effect-size 

Percentage correct counts ST (n = 60) 96.6 (5.6) 90.7 (14.1) 2.26 0.028 0.60 
Percentage correct counts DT (n = 60) 82.1 (17.6) 72.9 (17.5) 1.97 0.053 0.52 
Crossing fingers per sec ST (n = 37) 1.40 (0.60) 0.51 (0.37) 5.24 <0.001 1.74 
Crossing fingers per sec DT (n = 36) 1.16 (0.68) 0.30 (0.16) 4.93 <0.001 1.65 
Wii score ST (n = 60) 70.8 (18.7) 93.0 (16.4) − 4.73 <0.001 − 1.25 
Wii score DT-C (n = 60) 69.2 (16.2) 92.3 (21.1) − 4.80 <0.001 − 1.27 
Wii score DT-M (n = 40) 74.0 (16.5) 102.6 (14.3) − 5.65 <0.001 − 1.82 
DA Omissions (n = 60) 2.6 (3.5) 7.7 (6.9) − 3.75 <0.001 − 0.99 
DA RT (ms) (n = 60) 700.6 (87.2) 751.9 (135.5) − 1.79 0.079 − 0.47 
DA SD of RT (n = 60) 187.7 (58.3) 244.7 (102.5) − 2.72 0.009 − 0.72 

ST = Single-task condition; DT = Dual-task condition; DT-C=Dual-task cognitive condition; DT-M = Dual-task motor condition; DA = Divided 
Attention; RT = Reaction Time; SD=Standard Deviation bold indicates significance<0.05. 
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The regression models are a good fit for the data, since they predict the Wii scores (p < .02 for both predictors in both models) with 
B-values varying from 1.24 to 0.16 for DA omissions, 0.12 to 0.04 for the SD of RT and − 2.46 to − 1.18 for MABC-2 balance score. 

4. Discussion 

The main goal of the study was to determine whether dividing attention over two tasks would affect the control of a complex motor 

Table 3 
Percentage of children within each group that counted the correct number of sounds, missed sounds (omissions) or counted 
too many (errors) in the single and dual task condition.  

Children (%)  Single task Dual task 

TD group Omissions 10 21 
Correct 83 39 
Errors 6 40 

DCD group Missed 27 50  
Correct 69 13  
Errors 17 36  
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Fig. 2. Wii Fit scores in single task and dual task conditions per group. Wii ST = Wii Single Task; Wii DT-C=Wii Dual Task Cognitive; Wii DT-M =
Wii Dual Task Motor; TD = Typically Developing; DCD=Developmental Coordination Disorder. 

Table 4 
Relative median values of dual-task interference (negative value) or facilitation (positive value) per Wii task within each group.  

Relative Dual task costs (%) N Wii DT-C Correct counts N Wii DT-M Crossing fingers p/s 

TD 36 +4.8 − 0.18 24 − 16.0 − 15.6 
DCD 24 +3.5 − 0.19 16 - 9.6 − 44.6 

DT = Dual Task; DT-C=Dual Cognitive Task; DT-M = Dual Motor Task; TD = Typically developing; DCD=Developmental Coordination Disorder. 

Table 5 
Linear regression models for the prediction of the Wii scores in both dual-task conditions by the Divided Attention and MABC-2 balance scores.  

Dependent variable Predictor R2 in % B Regression model fit (significance) 

Wii DT-C DA omissions, SD of RT 21 1.24; 0.04 0.001 
DA omissions, SD of RT, MABC2 balance 26.1 0.79; 0.04; − 1.56 0.001 

Wii DT-C MABC2 balance 16.2 − 2.46 0.001 
MABC2 balance, DA omissions, SD of RT 26.1 − 1.56; 0.79; 0.04 0.001 

Wii DT-M DA omissions; SD of RT 28.8 0.16; 0.12 0.002 
DA omissions; SD of RT; MABC2 balance 31.8 − 0.18; 0.12; − 1.18 0.003 

Wii DT-M MABC2 balance 13.6 − 2.16 0.019 
MABC2 balance; DA omissions; SD of RT 31.8 − 1.18; − 0.18; 0.12 0.003 

ST = Single-task condition; DT = Dual-task condition; Wii DT-C=Dual-task motor-cognitive condition; Wii DT-M = Dual-task motor-motor condition; 
DA = Divided attention; RT = Reaction time; MABC2 = Movement Assessment Battery for Children, second edition. 
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task of children with DCD more than TD children, i.e. in a task challenging their abilities to move through gates (avoid touching the 
poles) under time-critical conditions. The chief findings are that on all single tasks, the group of children with DCD scored below the 
level of the TD children, but the performance of the Wii task remained stable or even improved when the concurrent task was recruiting 
resources from another domain than the primary task (Leitner et al., 2007), and was hampered when the concurrent task was using 
resources from the same (motor) domain. The Multiple Resource theory (Wickens, 2002) seemed to apply to both groups of children in 
a comparable way. Besides, dividing attention over dual motor tasks significantly decreased Wii task performance in both the DCD and 
TD, but not significantly more for the DCD than for the TD group as expected. The divided attention abilities seem to predict the DT 
performance of the Wii tasks in both dual task conditions more than the balance abilities. These results seem to contradict the hy-
pothesis on the automatization deficit in DCD as well as outcomes of some other studies, which present differences in standing or trail- 
walking behavior in complex dual-task conditions between children with DCD and their peers (Laufer et al., 2008; Schott et al., 2016; 
Tsai et al., 2009). Below we will discuss in detail possible explanatory factors based on data in this study and on comparison with tasks 
and outcomes of other studies on dual tasking in DCD. 

4.1. Dual task behavior 

The impact of the dual tasks on the Wii performance was not different between groups, even though the level of performance was 
different. In the DT-Cognitive task, Wii performance remained at comparable level of the single task, while interference decreased the 
level of correct counts of the cognitive task. In the motor dual task, both Wii performance and crossing fingers were significantly poorer 
compared to the single task performance. The dual task costs presented similar interference and facilitation in both groups of children 
relative to their own single task performance. In the literature so far, in three studies two-legged stance was used with concurrent 
cognitive tasks. Results of dual tasks were inconclusive, reporting for example differences in path length velocity between DCD and TD 
groups, but not in amplitude variability of sway (Laufer et al., 2008), while Tsai and colleagues reported increases in sway area values 
in the DCD group when children had to count, respond verbally or memorize but not in an ‘auditory choice reaction time’ task or 
‘articulation alone’ task (Tsai et al., 2009). However, Chen and colleagues showed that in their study TD children reduced postural 
motion specifically in the high-difficulty condition while the children with DCD did not change positional behavior in a dual task 
condition involving memorizing digits (Chen et al., 2012). 

Only when motor tasks become more demanding, like walking a predetermined trail (Schott et al., 2016), a more robust difference 
was found with longer durations for the task with higher cognitive loads in children with DCD. The only DT-Motor study examined 
clapping in-phase to marching on a platform, revealing more variable behavior in phasing claps and footfalls in children with DCD 
when compared to their peers (Mackenzie et al., 2008). In the present Wii Fit task, the task required standing on the board and 
controlling the ski-slalom descent by shifting the weight over the two legs, which is different from marching or walking. 

This primary Wii Fit task used in the current study can be regarded as dominant in focus of attention due to the demanding action- 
perception coupling with the avatar that responds to any displacement of weight that the child makes to steer the avatar through the 
gates. Adding the concurrent cognitive task resulted in improved Wii Fit performance (facilitation). On the other hand, in the DT-Motor 
condition, crossing fingers interfered with Wii performance, supporting the hypothesis of the Multiple Resource Model of Attention 
(Wickens, 2002). Apparently, the recruitment of resources from the same domain, in this case the motor domain seemed to have 
slowed down processing. As a result, a decline in the performance on the Wii and the crossing fingers task was found, which was 
independent of groups. 

The success of performance in dual tasks is also determined by the level of automatization of the tasks. Shifting weight while 
keeping balance in standing (double support) is a highly automated unconscious task in children between 7 and 12 years of age. 
Balanced weight shifts in the Wii game require precisely controlled and timed weight redistribution between the two legs based on a 
fast-moving scene on the screen. It is known that an external focus of attention results in a more naturally self-organized motor process, 
involving automatic control mechanisms. This results in better motor performance as compared to tasks with an internal focus of 
attention, which induces a conscious type of control constraining the motor performance, described as the constrained-action hy-
pothesis (Wulf, McNevin, & Shea, 2001). The type of external guidance of the Wii as focus of attention may explain why the children 
with DCD, similarly to TD children, could keep up the level of Wii performance in the DT-Cognitive, at the expense of a decline in the 
cognitive task. This is remarkable since motor coordination problems and delay of automatization of motor skills are the key char-
acteristics of these children. 

A possible explanation for the lack of differences between the groups with and without DCD could be that the crossing fingers was 
not performed on an automated level in either of the groups. This finding is supported by our observation that all children had 
problems with crossing fingers when passing the gates. However, the cycle time of the crossing fingers task was different between the 
groups; the cycle time remained less than one second for the TD group, while the children with DCD needed almost three seconds for 
one cycle. This long cycle time was not just caused by slow movements, but mainly by pauses in the finger task when passing a gate. 
Children with DCD seemed to sequentially switch between the finger and the Wii task as their focus of attention, circumventing to 
divide attention between the two tasks. On the other hand, most TD children continued with the crossing fingers when passing a gate, 
albeit more slowly than in the ST performance. 

Another tentative explanation of the similar outcomes in the Wii Fit dual tasks of both groups of children arises when looking at 
possible ways the children could control the task. Given that the time available to adjust the skiing trajectory through weight redis-
tribution is limited, the child needs to use fast online body adjustments, but also more gradual, feedforward scaling of the goal directed 
movements under visual guidance (Jelsma, Ferguson, Smits-Engelsman, & Geuze, 2015). The trajectory of the gates can be regarded as 
planned feedforward while keeping balance is under reactive control. Being able to react quickly to the visual stimuli is of critical 
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importance to make movements through the Wii gates. It is known that the voluntary response to a visual stimulus lasts around 
150–200 ms. However, if the child is already moving sideways in the Wii task, the adjustments to the approach of the next gate may be 
made in even shorter time (~120 ms for obstacle avoidance) (Potocanac & Duysens, 2017; Weerdesteyn, Nienhuis, Hampsink, & 
Duysens, 2004). If this is the case, such fast responses do not rely on a pathway over the motor cortex but rather use a subcortical 
pathway (‘subcortical hypothesis’) or a fast path over the parietal cortex, by passing the motor cortex (Potocanac & Duysens, 2017). A 
similar explanation was proposed in a study, where children with cerebral palsy were moving fast to moving targets and did not differ 
from controls (Smits-Engelsman, Rameckers, & Duysens, 2009). With respect to the underlying pathways, this may suggest that 
voluntary adjustments involve the prefrontal cortex (PFC), while fast automatic responses involve a faster pathway over the posterior 
parietal cortex (PPC) (Desmurget et al., 1999; Desmurget et al., 2001; Gréa et al., 2002; Pisella et al., 2000), or alternatively a 
subcortical path involving either the superior colliculi or the anterior cerebellum (Day & Brown, 2001; Desmurget et al., 2001; Gaveu 
et al., 2014; Himmelbach, Linzenbold, & Ilg, 2013; Linzenbold & Himmelbach, 2012; Liu, Ingram, Palace, & Miall, 1999). 

It is plausible that children with DCD use a different control strategy because they have more problems with divided attention 
(using cortical resources), are slower and more variable in their execution (Geuze, Jongmans, Schoemaker, & Smits-Engelsman, 2001; 
Mackenzie et al., 2008). The Wii ski tasks have a high temporal pressure with very little time to respond to be successful. Namely, when 
the child suddenly sees a new target during the ski swing, they have to alter the ongoing movement to adjust the Avatars trajectory and 
make it in time through the next gate. This requires whole body muscle responses, which may be too fast for cortical control, especially 
children with DCD given their long and variable reaction times. Fautrelle and colleagues (Fautrelle, Prablanc, Berret, Ballay, & 
Bonnetblanc, 2010) reported that visual on-going movement corrections may be accomplished via fast loops at the level of the upper 
and lower limbs and may not require cortical involvement. If this were the case then children with DCD could use different underlying 
circuits for the two motor components, one for the crossing fingers task going over the motor cortex and another route bypassing the 
motor cortex either a subcortical or the fast parietal cortex pathway for the ski task thereby decreasing the attentional load. This could 
explain the low impact on their dynamic balance in the dual task cost (− 16 for TD and − 9.6 for DCD). This assumption could be 
experimentally verified by choosing two more “cortical” motor tasks, for instance precision stepping and crossing fingers or texting 
icons on your phone. Although speculative, our results may indicate that children with DCD rely more on an automatic mode of 
postural control by a transfer from cortical to subcortical brain regions (Floyer-Lea & Matthews, 2004). 

4.2. Single task behavior 

On all single tasks, the group of children with DCD scored below the level of the TD children. The children with DCD performed 
significantly poorer on the Wii ski slalom task, the counting task and crossing fingers. The difference in motor performance was to be 
expected since motor problems are core characteristic of this disorder. 

The difference between the two groups in detecting and counting auditory targets, viz. either cat meows or cow moos was not 
expected, supported by Cherng et al. (2009) who found no difference between DCD and TD children in the cognitive domain. We 
considered the task easy and the IQ of the children with DCD was >70. Besides, the counting errors cannot be attributed to any motor 
deficit, since no motor skill was involved only paying attention to the sounds and counting either cow or cat sounds. The intriguing 
finding, however, is that most children of the TD group reported more sounds than were played in the dual task condition, while the 
majority of the children with DCD missed sounds. This is opposite to other findings that children with DCD show poor response in-
hibition, which should have resulted in counting more non-target sounds (Bernardi, Leonard, Hill, Botting, & Henry, 2017; Leonard, 
Bernardi, Hill, & Henry, 2015) Apparently, the lack of dividing attention has been more dominant resulting in missing out on sounds 
they heard and support earlier findings that DCD is not an isolated problem, but interferes with learning, attention and psychological 
functioning (Dewey, Kaplan, Crawford, & Wilson, 2002). 

4.3. Divided attention 

The differences found in omissions of visual and auditory stimuli of the divided attention task between the groups may indicate an 
important underlying problem of children with DCD. The difficulties in dividing attention between stimuli may lead to problems in 
developing controlled and subsequently skilled movements in natural contexts of children. Besides, in daily situations an individual 
needs alertness for the arousal towards and/or anticipation of an expected event, but also the orienting function of attention to select 
the one source of information for processing, among other sources, e.g. in a crowded place (McDowd, 2007). Theoretically, autom-
atization reduces attentional demands of the task and frees resources that may be used for parallel processing or switching between 
tasks. Simultaneous processing of information or switching between tasks proved to be important for successful performance in tasks, 
such as in manual dexterity tasks as presented in the study of Asonitou et al. (2012). A better understanding of underlying mechanisms 
of postural stability in children with DCD and its relation with attention is necessary to develop therapeutic interventions to improve 
dynamic balance and adapt postural control during every day (dual) tasks. 

4.4. Prediction of behavior 

Importantly, level of divided attention explained most of the Wii scores in the DT-Cognitive and DT-Motor condition. The level of 
divided attention and SD combined with balance performance as independent measures predicted a quarter/one third of the variability 
in the motor performance on the Wii ski slalom task. The relation of these three variables is even stronger with the Wii score in the DT- 
Motor condition. This may be explained by the fact that performance of dual motor tasks explicitly needs a division of attention since 
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the crossing fingers task did not reach the level of automaticity. Another difference in the need for dividing the attention between 
crossing fingers in the dual task and counting the sounds of the animals was that the crossing fingers task was dividing attention over 
shared resources, while the responses to the sounds were dividing attention over different resources. 

The variability of the reaction time in the divided attention task seemed to explain the least of the Wii scores. Balance, however, was 
a significant predictor in both dual task conditions with a negative B-value implying the relation of better balance to a lower, i.e. better 
score on the Wii Fit. 

The externally evoked movement adjustments during our primary task were probably stronger for all children than in commonly 
used standing and balancing tasks. This may be an important finding for developing interventions aimed at children with motor 
problems. Using variable tasks promote optimal learning conditions and make the participants learn to coordinate between two tasks 
during training (Kramer, Larish, & Strayer, 1995). This leads us to conclude that the children with DCD may benefit from using 
externally evoked movement adjustments as compared with self-initiated goal direction movements and gradually combine these with 
other, attention demanding, tasks. This may be an important goal for children to manage divided attention better and future research 
may analyze if the level of divided attention can improve over time. 

Several factors may have affected our outcomes. We have categorized our sample of children with DCD as carefully as possible. 
However, a limitation of this study may be that we have selected a ‘mixed’ sample of children with DCD, that is, not only children with 
a disorder, but also may have included some children who fulfilled the selection criteria based on poor development due to poor socio- 
cultural and environmental factors and were referred for pediatric physical therapy. Currently there are no methods to separate these 
two. 

Another factor might have been the impact of IQ on the results. However, the IQ of the TD group was unknown. One may suspect 
that although the IQ of the children with DCD fell within the normal range, it may have been lower compared to the TD group and 
future studies may include an IQ-test as part of the test battery for all children. Also, the presence of comorbidities, which are usually 
frequent in samples of children with DCD, may have influenced our results. Only a few children in our sample had comorbid devel-
opmental disorders and our data showed us that no outliers could be linked to these comorbidities. However, given the high prevalence 
of ADHD as a co-occurring disorder of DCD, in future studies with attentional tasks proper assessment of ADHD is recommended. 

Additionally, in the DT-Cognitive task, it may be the case that some children simply forgot to remain counting while playing the 
game. Some of the children were counting using their fingers, but some were counting silently which makes it difficult to observe. The 
counting task was a suitable task, but in future research we would suggest to instruct the children to count stimuli out loud. 

Finally, the norms of the KITAP are based on the age of 6-10 years old. Even though we used the raw data of the KITAP, the validity 
of the test in the age-range 11-12 is not known. 

5. Conclusion 

Children with DCD scored below the level of their peers on the primary dynamic balance Wii task and secondary cognitive and fine 
motor task. Although children with DCD are slower and less accurate in all tasks tested, doing a dual task did not increase the dif-
ferences between groups; interference and facilitation were similar in the two groups. Performance of divided attention and balance 
predicted the DT performance of the primary task for a considerable part. Problems with divided attention may be an important 
underlying mechanism that hampers motor performance in children with DCD in daily life. 
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Gréa, H., Pisella, L., Rossetti, Y., Desmurget, M., Tilikete, C., Grafton, S., … Vighetto, A. (2002). A lesion of the posterior parietal cortex disrupts on-line adjustments 

during aiming movements. Neuropsychologia, 40, 2471–2480. 
Hall, C. D., Echt, K. V., Wolf, S. L., & Rogers, W. A. (2011). Cognitive and motor mechanisms underlying older Adults’ ability to divide attention while walking. 

Physical Therapy, 91(7), 1039–1050. 
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. https://doi.org/10.1111/cch.12029. 
Henderson, S. E., Sugden, D. A., & Barnett, A. L. (2007). Movement assessment battery for children – Second edition (movement ABC- 2) examiner’s manual. London: 

Harcourt Assessment.  
Himmelbach, M., Linzenbold, W., & Ilg, U. J. (2013). Dissociation of reach-related and visual signals in the human superior colliculus. Neuroimage, 82, 61–67. 
Jelsma, D., Ferguson, G. D., Smits-Engelsman, B. C., & Geuze, R. H. (2015). Short-term motor learning of dynamic balance control in children with probable 

developmental coordination disorder. Research in Developmental Disability, 38, 213–222. 
Jelsma, D., Geuze, R. H., Mombarg, R., & Smits-Engelsman, B. C. M. (2014). The impact of Wii fit intervention on dynamic balance control in children with probable 

developmental coordination disorder and balance problems. Human Movement Science, 33, 404–418. 
Jelsma, L. D., Smits-Engelsman, B. C. M., Krijnen, W. P., & Geuze, R. H. (2016). Changes in dynamic balance control over time in children with and without 

developmental coordination disorder. Human Movement Science, 49, 148–159. 
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