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ABSTRACT ARTICLE HISTORY
Background: Inhibition (Response Inhibition - Rl and Interference Control - Received 1 September 2022
IC) have been inconsistently examined in Developmental Coordination Revised 24 January 2023
Disorder (DCD) with response modalities often not considered. Accepted 16 April 2023

Aims: To examine Rl and IC in children with DCD.

Method: Twenty-five children 6-10 years with DCD, plus 25 matched typi-
cally developing peers completed motor and verbal Rl and IC tasks.
Results: Children with DCD made significantly more errors in the motor and
verbal Rl tasks, had slower movement time and RT in the motor IC task, and
longer completion time in the verbal IC task.

Conclusions: Children with DCD have Rl and IC difficulties in motor and
verbal responses.

Introduction

Evidence of Executive Function (EF) difficulties have been reported in neurodevelopmental disorders,
such as Attention Deficit Hyperactivity Disorder (ADHD) (Willcutt et al., 2005), Autism Spectrum
Disorder (ASD) (Demetriou et al., 2018), and Developmental Coordination Disorder (DCD) (Blank
et al, 2019; P. H. Wilson et al., 2017). However, heterogeneity of performance on EF tasks has been
noted both within and across these disorders (Leonard & Hill, 2015; Vaidya et al., 2020). The
complexity of EF and the measurement challenges contribute to this heterogeneity. EF is
a multifaceted construct consisting of separate domains which share underlying commonality
(Miyake et al., 2000). Although different components have been described, the most commonly
cited domains are Working Memory, Cognitive Flexibility, and Inhibition (Diamond, 2013).

EF has been examined less frequently in DCD compared to ADHD and ASD. However, individuals
with DCD have themselves highlighted challenges with EF as a primary area of concern associated with
difficulties in daily life, such as concentrating on tasks and managing household responsibilities (O’Dea
& Connell, 2016). DCD is a condition affecting between 5% and 6% of children and is characterized by
poor motor control and coordination which negatively impacts participation in everyday life (American
Psychiatric Association APA, 2013). Research on EF in children with DCD has reported mixed findings,
particularly on Working Memory and Cognitive Flexibility (Leonard & Hill, 2015).

There is less research on inhibition in children with DCD and the impact this may have on their motor
control and coordination. Inhibition is the ability to override automatic but inappropriate or incorrect
responses as well as the ability to resist interference which could cause distraction (Lui et al., 2015).
Inhibition itself is a multifaceted construct, and researchers do not always agree on the classification of
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domains (Miyake et al., 2000). It is widely acknowledged that there is a distinction between Response
Inhibition (RI) and Interference Control (IC) (Laloi et al., 2017; Nigg, 2000) with further research
confirming differing patterns of brain activation for these two components of Inhibition (Brydges et al.,
2012; 2013). RI is the ability to override automatic but unhelpful responses, and IC is the ability to ignore
distracting information (Laloi et al., 2017). These inhibition skills are required in everyday life; for example,
a child would need to stop and/or adapt ongoing actions and ignore distractions to respond to signals or
environmental changes when walking or playing in a busy environment.

A recent meta-analysis of research, although limited to studies from 2016 to 2021, does report
evidence of inhibition difficulties in individuals with DCD. Group differences were found between
inhibition components as well as across temporal and error/accuracy measures (Subara-Zukic et al.,
2022). However, case—control research has often only considered one component of inhibition (RI or
IC) and either a temporal or error measurement rather than both. It is important to consider both RI
and IC as they are conceptually different. This will allow for a better understanding of inhibition
performance in DCD and what type of targeted intervention would be most appropriate. A further
limitation of previous studies was highlighted by Subara-Zukic et al. (2022), in that they did not apply
the DSM-5 diagnostic criteria in participant selection, which affects the generalizability of results in
the DCD population. Subara-Zukic et al. (2022) meta-analysis covered motor control, cognitive, and
neural underpinnings of DCD. This broad scope has resulted in several limitations when considering
the Inhibition findings specifically. These limitations include a lack of detail on the studies which
studied inhibition, a lack of information regarding how the inhibition tasks were classified, limited
reporting on the papers which considered the different classifications of inhibition, and the inclusion
of a large age range spanning childhood and adulthood.

However, focusing on children specifically and also taking into account earlier studies not included
in the above review by Subara-Zukic et al. (2022), it is possible to examine the inhibition skills of
children with DCD in more detail. The most common RI task used with children with DCD is a Go/
No-Go task which requires children to respond to a “Go” cue and withhold response to a “No-Go” cue
(Mandich et al., 2003; Querne et al., 2008; Rahimi-Golkhandan et al., 2016; Ruddock et al., 2015;
Sartori et al., 2020; Thornton et al., 2018).

Rahimi-Golkhandan et al. (2016) found that children with DCD aged 7-12 years made significantly
more errors in a Go/No-Go task requiring a motor response when using happy faces as stimuli.
However, Thornton et al. (2018) also used happy faces as stimuli on a motor Go/No-Go task and did
not find a difference between participants with and without DCD aged 8-17 years. Other Go/No-Go
versions used in DCD research differ in the type of response required, e.g., button press, peddle push,
touch screen, as well as the stimuli used.

This can often change the task demands, for example, in Mandich et al. (2003) research where the
stimulus moved around the screen and spatial cues were provided regarding the potential location. In
Querne et al. (2008) research, children were required to respond to letters if they were presented in the
correct order (e.g., ¢ after b) but not respond to the letter X, this potentially placed children with DCD at
a greater disadvantage as they have higher rates of language and reading impairments (Blank et al., 2019).
Sartori et al. (2020) are the only researchers to use a Go/No-Go task which had motor and verbal response
conditions. Using numbers as stimuli for children aged 8-9 years with and without DCD, Sartori et al.
(2020) found that children performed more poorly under both verbal and motor response conditions.

Studies by Leonard et al. (2015) and Bernardi et al. (2016) used a RI task, the Verbal Inhibition Motor
Task (VIMI) (Henry et al,, 2012) that had a verbal and motor response. In their studies of children aged
7-11 years, they found that children with DCD had a higher error rate than those without DCD when
a motor, but not a verbal, response was required. Bernardi et al. (2016) also found that children with
DCD took longer to complete the RI task in motor condition, but not verbal one. The combined findings
across this research may reflect the different response modalities required by the experimental tasks,
which is an important consideration in a population of children with motor difficulty.

In contrast to RI tasks, IC tasks present a stimulus with two conflicting dimensions but only
one is relevant to the task (Laloi et al., 2017). The most commonly used IC task is the Stroop task
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which requires the identification of one characteristic of a stimulus while ignoring another more
prominent one (Killikelly & Sziics, 2010). Performance differences between motor and verbal
response modalities have not been examined using IC tasks in children with DCD. Some studies
have used a verbal response (Alesi et al., 2019; Pratt et al,, 2014), while others used a motor
response only (Koch et al., 2018; Mandich et al., 2002). Alesi et al. (2019) in children aged 3-6
years and Pratt et al. (2014) in children aged 6-14 years found that those with DCD had higher
error rates on a verbal Stroop task. However, Koch et al. (2018) found no difference in error rates
between children aged 8-12 years with and without DCD on a Stroop task when a motor response
was required. These results suggest a potential difference in performance when a motor or verbal
response is required. However, Alesi et al. (2019) and Pratt et al. (2014) used animals as stimuli,
whereas Koch et al. (2018) used numbers, which might have influenced the results. It is therefore
important to study the inhibition performance of children with DCD including both RI and IC
using tasks that require both a motor and verbal response. This is because poorer motor skills in
children with DCD could affect performance when a motor response is required but not when
a verbal response is required.

As a motor skill is learned, elements become automatized (Clark, 2015) allowing for attention to be
directed elsewhere without affecting movement production (Schott et al., 2016). Evidence suggests that
automatization deficits in children with DCD result in greater attentional resources being directed to motor
production compared to those without DCD (Jolly & Gentaz, 2014). The theory of limited attention
suggests that attentional resources are finite (Kahneman, 1973). Therefore, it is possible that children with
DCD completing an inhibition task with a motor response use more attentional resources for motor
production and have less available for the inhibition demand. Furthermore, debate exists regarding whether
the inhibition of motor and verbal responses might be conceptually separate (Messer et al., 2018). This
provides an additional justification to separate the two modalities when investigating EF in children with
DCD and to explore more systematically how inhibition impacts on motor control and co-ordination. In
a systematic review, Lachambre et al. (2021) found that Executive Function difficulties in children with
DCD were more prevalent in tasks with motor response modalities compared to verbal response mod-
alities. The majority of previous research examining Inhibition in children with DCD has used tasks with
motor response modalities. To gain a comprehensive understanding of the Inhibition profile of children
with DCD, it is important to use both motor and verbal response modalities in a sample of children with
DCD. Therefore, the aim of the current study was to examine the inhibition performance of children with
and without DCD using RI and IC tasks with motor and verbal responses. This helps build on previous
research and enhance comparability of results by using adaptations of tasks previously used with children
with DCD. Based on existing evidence, it was predicted that children with DCD would have poorer RI and
IC performance compared to peers without DCD. The automatization deficits and limited attention
capacity hypotheses suggest that greater deficits should be expected when a motor response was required,
compared to a verbal response.

Material and methods
Participants

An a-priori power analysis for t tests found that a sample size of 24 children with DCD and 24 controls
was the minimum needed to find a 1-tailed difference with a large effect size between each group (.8)
with a power of 85% and an a of .05. Fifty children took part in the study, 25 with DCD aged 6-10
years and 25 typically developing (TD) controls matched on age (+ 6 months) and sex. This is
a narrower age range than the majority of previous research and is at the lower end of when
experimental measures of RI and IC can be assessed within a group of children with DCD. At this
age, inhibition emerges as a separate component of EF (Messer et al., 2018) but is still developing
(Leon-Carrion et al., 2004).
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DCD group
Children with DCD were recruited through a University participant database; all had a full
diagnostic assessment in line with the International Guidelines (Blank et al., 2019) and DSM-5
criteria for DCD (American Psychiatric Association APA, 2013): (A) the presence of a significant
motor difficulty was confirmed by a total test score at or below the 16™ percentile on the
Movement ABC-2 (MABC-2) Test (Henderson et al, 2007). This is in line with the
International Guidelines for DCD (Blank et al., 2019)

(B) Motor difficulties were confirmed to have a significant impact on daily life as indicated by
a score in the “significant movement difficultly”’/“indication of DCD” range on parent/carer
questionnaires, the MABC-2 Checklist (Henderson et al., 2007) and the Developmental
Coordination Disorder Questionnaire (DCDQ; B. N. Wilson et al., 2009), respectively. (C)
A parent/carer telephone interview confirmed onset of symptoms in early/middle childhood.
(D) A parent/carer telephone interview confirmed the absence of a neurological or intellectual
impairment or medical condition, which could better explain the motor difficulties, as well as
adequate prior learning opportunities. The British Picture Vocabulary Scale 3™ edition (BPVS-3)
(Dunn et al., 2009), a measure of receptive language, was used to provide a quick measure of
verbal ability. Scores on the BPVS-3 were within two standard deviations from the mean.
Children with co-occurring conditions were not part of the exclusion criteria due to the high
prevalence within clinical samples of children with DCD (Blank et al., 2019) and the recom-
mendation that research samples should be more reflective of this clinical presentation (Astle &
Fletcher-Watson, 2020). In the DCD group, six children were reported by parent/carers to also
have Autism Spectrum Disorder (ASD), one Attention Deficit Hyperactivity Disorder (ADHD),
and one both ASD and ADHD.

Typically developing (TD) group

TD children were recruited through opportunity sampling within the first author’s personal networks,
schools, and recommendations from previous participants. A child was included in the TD group if
they had a total standard score of >7 on the MABC-2 Test (above the 16™ percentile) and a standard
score of 270 on the BPVS-3. Children were excluded from the TD group if they were reported by the
parent/carer to have a clinical diagnosis of intellectual disorder, visual impairment, DCD, ADHD,
ASD, or any neurological condition.

Parents/carers of both the TD and DCD groups also completed the hyperactivity and inatten-
tion section of the Strengths and Difficulties Questionnaire (SDQ) (Goodman & Goodman, 2009)
and a demographic information sheet. The results of these and the BPVS-3 are provided in
Table 1. Taking both groups together, the proportion of White British children (80%) and
Ethnic Minorities (20%) included in the study are in line with the 2011 Census (80.5%; 19.5%)
(Office for National Statistics; National Records of Scotland; Northern Ireland Statistics and
Research Agency, 2016). There were no significant differences between the groups on the BPVS-
3, with both groups scoring very close to the mean (100). Children with DCD had higher rates of
hyperactivity and inattention on the SDQ compared to TD peers. Using the SDQ UK population
survey categories, the mean hyperactivity and inattention score for the TD group fell within the
“average” range, whereas the mean hyperactivity and inattention score for the DCD group fell at
the top boundary of the “slightly elevated” category. Out of the 25 children with DCD, 19 had
“slightly elevated” or higher scores for hyperactivity and inattention, indicating potential difficul-
ties in these areas. This indicates that the children in the DCD group not only had higher
hyperactivity and inattention scores than the TD control group but that they also had higher
scores compared to the wider UK population.
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Table 1. Background Information for Children with DCD and the TD Control group.

DCD 1D p Cohen’s d
Gender Male 23 23
Female 2 2
Age Mean (SD) 8,8 (1;3) 8;8 (1;2)
(years; months) Range 6;2-10;11 6;4-10;9
Ethnicity White - British 22 18
Asian — Pakistani, Bangladeshi, 2 4
Chinese
Black -Caribbean, 1 -
African, other
Other - 3
BPVS-3 Standard 103.52 101.52 .62 .143
Score
SDQ 7.16 2.56 <.001 1.89

Hyperactivity and Inattention Score

Measures

To measure RI, an adaptation of the Verbal Inhibition Motor Inhibition (VIMI) task (Henry et al,,
2012) was used, which had both motor and verbal response conditions. The VIMI has previously been
used with children with DCD (Bernardi et al., 2016; Leonard et al., 2015).

Adaptions were made to increase the sensitivity by shortening the length of the task,
providing uniformity to the stimuli presentation, and recording timings for individual trials.
Since a well-established IC task including both motor and verbal response conditions was not
available, adaptations of separate verbal IC and motor IC tasks were used. It is important to
note that speech is also a motor process; however, no difficulties with speech and language were
reported for children in either group. Ho and Wilmut (2010), in a study of the motor control of
speech, did not find a difference between children with DCD and TD children in the production
time of single words. Therefore, all verbal tasks required a single-word answer to minimize the
influence of the motor requirements of speech on the results. All four measures are described
below.

Verbal and motor ri inhibition task: AdVIMI

The Verbal Inhibition Motor Inhibition “VIMI” task is an experimental task designed by Henry et al.
(2012) to assess Rl in children aged 6-14 years and has also been used to investigate RI in children with
DCD (Bernardi et al., 2016; Leonard et al., 2015). The VIMI was adapted to increase the sensitivity and
control of potential confounding variables such as attention and presentation style (see supplementary
material). The presentation and scoring format was finalized following extensive trialing and piloting.
The Adapted VIMI (AdVIMI) took approximately 10 min to complete and had one copy (congruent)
and one inhibit (incongruent) block each with 20 trials for both the verbal (target words: “car” and
“doll”) (see Supplementary Figure 1) and the motor (target actions: point finger and make fist) (see
Supplementary Figure 2) tasks. Prior to starting each block, children practiced responding to each
stimulus once to confirm understanding of the instructions. Presentation of the stimuli was via
Microsoft PowerPoint on a 14 inch computer monitor approximately 60 cm distance from the child
with the timing controlled manually by the researcher. In contrast to the original VIMI, the AdVIMI
mode of presentation enabled the children to always respond to a visual stimulus (e.g., picture of
a hand gesture and picture of a doll/car), thus enhancing the comparability of the results from the
verbal and motor tasks. Children were instructed to “say the word” or “move” as quickly as possible for
the verbal and motor tasks, respectively. Children’s performance was audio and video recorded, and
scoring was completed offline. Verbal performance was measured using the mean trial Reaction Time
(RT, in msec) and total error rate. Motor performance was measured using mean trial RT (in msec),
mean trial Movement Time (MT) (in msec), and total error rate. Errors were marked zero for a correct
response, one for a self-corrected response, or two for an incorrect response.
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Motor IC task: AdFlanker

An adaptation of the NIH Toolbox Flanker task (Gershon et al., 2009) was created using the software
PsychoPy. The NIH Toolbox Flanker task has been reported to have excellent test-retest reliability
(ICC=.92) and moderate-to-good correlations with tasks assessing similar constructs. However, it
does not allow access to raw scores and lacks consistency in stimuli presentation. The Adapted Flanker
(AdFlanker) task was presented on a touch screen; children were shown five fish in a line and
instructed to press the arrow which corresponded to the direction of the middle fish as quickly as
they could. In the congruent condition, all the fish pointed the same way, while in the incongruent
condition, the middle fish pointed in the opposite direction. Children had four practice trials (two
congruent and two incongruent) for which they received feedback. Following successful completion of
the practice items, children completed two blocks of 25 trials, each with 16 congruent and nine
incongruent trials. There was a 1-min break between the two blocks. The AdFlanker had one to three
congruent trials preceding each incongruent trial. RT for each trial (measured in msec) and total error
rate were measured for the congruent and incongruent trials as well as RT and later the error rate
difference between the congruent and incongruent conditions was also calculated.

Verbal IC task: AdAC

To measure verbal IC, the Animal Colors task from the Intelligence and Development Scales for
Children and Adolescents — 2" Edition (IDS-2) (Grob & Hagmann von Arx, 2017) was adapted. The
original Animal Colors task has three conditions: in the first, animals are presented in the correct color
(e.g., a blue dolphin), in the second, animals are presented in gray, and in the third condition, animals
are presented in the incorrect color (e.g., red dolphin). The task is always to say the correct color of the
animal as quickly as possible, irrespective of the presenting color. Each condition involves the
presentation of 36 images, consisting of four animals (dolphin, frog, chick, and ladybird) in a non-
sequential order that is fixed for all participants. Scoring for the Adapted Animal Color (AdAC) task
focused on the first condition (correct colors) as the congruent control condition and the third
condition (incorrect colors) as the incongruent condition, to measure verbal IC. Time taken (in sec)
to complete each condition plus the number of non-self-corrected errors in the incongruent condition
was recorded.

Procedures

The study was approved by the Institutional University Research Ethics Committee. Parents gave
written consent, while children provided verbal assent. A standard script was used to administer each
task. Children were assessed individually and completed all experimental tasks in the same testing
session.

Statistical analysis

This study is part of a PhD project (Joyce, 2021). For the study reported here, all comparisons were
planned a priori, and all conditions and comparisons run on these tasks are reported. The widely cited
work of Althouse’s (2016) (Bingham et al., 2019; Martin-Willett et al., 2020) recommendations for
multiple comparisons are used rather than using statistical corrections. These are to (1) clearly define
the methodology used, (2) report effect sizes, confidence intervals, and p values, and (3) allow the
reader to use their own judgment regarding the weight of the conclusions. Effect sizes, confidence
intervals, and p values are included in supplementary material. There were many significant correla-
tions between the inhibition measures, and it has been recommended that Althouse’s method for
multiple comparisons is used rather than statistical corrections, particularly when variables are highly
related (Armstrong, 2014).

Jamovi version 0.9 was used for statistical analyses. If the data met the assumptions of normality
and equal variance, then parametric tests were conducted, otherwise non-parametric alternatives were
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used. Effect sizes are reported for all analyses, and cutoffs of .10-<.30 for a small effect, .30-<.50 for
a medium effect, and 2.50 for a large effect were used (Cohen, 1988). Group differences were examined
across congruent and incongruent conditions, with incongruent conditions taken as a measure of
inhibition in line with previous research (Bernardi et al., 2016; Sartori et al., 2020). T-tests and the
non-parametric alternative Mann-Whitney U tests were used to examine the differences between
mean values on all measures of inhibition. This facilitates comparison of the results to previous
research.

To reduce the risk of type 1 error when running multiple comparisions, only when significant
group differences were found on both the congruent and incongruent conditions were the difference
between conditions also considered across groups. This was to assess if the additional Inhibition
demand effected children in the DCD group more than those in the TD group. This approach was
taken due to the non-parametric nature of the data. Furthermore, running comparisons only in these
circumstances helped to reduce the overall number of comparisons made and the family-wise error
rate.

Table 1 shows significant group differences in hyperactivity and inattention on the SDQ. This result
is supported by previous research suggesting that higher hyperactivity and inattention scores are not
independent of group membership (Crane et al., 2017). To control for the effect of co-occurring
conditions, the tests were repeated excluding children with co-occurring conditions. This was not
found to substantially change the results, and so these are included as supplementary material.

Results
RI - motor response

Table 2 displays the mean and standard deviations (SD) for each group on the AdVIMI Motor task,
with levels of statistical significance and effect sizes for group differences. Significant group differences
were found for error rate and Movement Time (MT) for both the congruent and incongruent
conditions. Children with DCD made more errors than those without DCD and took longer to
move into position. There were no significant group differences in Reaction Time (RT) for either
condition.

As significant group differences were found for Error Rate and MT across both the congruent and
incongruent conditions, a further analysis was conducted to examine whether the conditions affected
each group in the same manner. Mann-Whitney U tests highlighted a significant group difference for
error rate, representing a large effect (d=.60) in the increase in error between congruent and
incongruent conditions (U=208, p=.043). Children with DCD had a larger increase across the
conditions (M =7.80, SD =6.83) than the TD control group (M =4.52, SD =3.55). There was also
a significant difference between the groups for the increase in MT between the congruent and
incongruent conditions (U =204, p =.035) representing a large effect size (d =.66). Children with
DCD had a larger increase in MT across the conditions (M = .31, SD =.17) compared to TD controls
(M =22, SD =.12).

Table 2. Mean (SD) AdVIMI Motor Scores for the DCD and TD groups.

DCD (n = 25) TD (n = 25)
Measure Mean (SD) Mean (SD) p Cohen’s d
Congruent Error rate’ 6.24 (2.13) 4.88 (3.26) ** 49
Congruent RT" (msec) 350 (120) 330 (110) ns 7
Congruent MT (msec) 640 (110) 560 (90) ** 73
Incongruent Error rate 14.00 (6.21) 9.40 (4.97) ** .83
Incongruent RT (msec) 470 (200) 430 (180) ns 21
Incongruent MT' (msec) 950 (190) 780 (170) wxR .96

Note: ***<.001; ** <.01; *< .05 RT - mean trial RT.
MT — mean trial MT.
1 Mann-Whitney U.
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Table 3. A Comparison of Mean (SD) AdVIMI Verbal scores for the DCD and TD groups.

DCD (n = 25) TD (n = 25)
Measure Mean (SD) Mean (SD) p Cohen’s d
Congruent Error 1.28 (1.57) .96 (1.06) 24
Congruent RT (msec) 730 (140) 660 (80) .59
Incongruent Error rate 4.76 (8.54) .20 (.50) il 75
Incongruent RT (msec) 850 (230) 770 (160) 43

Note: ***<,001 RT — Mean trial RT.

RI - verbal response

Table 3 displays the means and SD for each group on the AdVIMI verbal task, with levels of statistical
significance and effect sizes for group differences also shown. A significant difference, representing
a medium effect size, was found for the error rate for the incongruent condition. Children with DCD
made more errors compared to their TD peers. There were no significant group differences in error
rate for the congruent condition or in RT for either condition.

IC - motor response

Table 4 displays the means and SD for each group on the AdFlanker task, together with the results of
Mann-Whitney U tests to investigate group differences. Significant group differences representing
large effects were found for RT for both the congruent and incongruent conditions, with children with
DCD reacting more slowly than their TD peers in both conditions. There were no significant group
differences in error rate for either condition. Mean error rate scores for both groups in each condition
fell below one indicating a low rate for both groups. There was no significant difference between the
groups for the increase in RT between the congruent and incongruent conditions (U = 260, p = .316).

IC - verbal response

Table 5 displays the means and SD for each group on the AdAC task for completion time for the
congruent and incongruent conditions and error rate for the incongruent condition. Table 5 also shows
the statistical significance and effect sizes of group differences. A significant group difference, represent-
ing a large effect size, was found for completion time in the incongruent and congruent conditions.
Children with DCD performed more slowly than their TD peers. There were no significant group

Table 4. A Comparison of mean (SD) AdFlanker Scores for the DCD and TD groups.

DCD (n = 25) TD (n = 25)
Measure Mean (SD) Mean (SD) p Cohen’s d
AdFlanker Congruent Error rate .76 (2.01) 12 (.33) ns 45
AdFlanker Congruent RT (sec) 2.74 (.54) 2.31(.15) ** 1.07
AdFlanker Incongruent .56 (1.04) .20 (.05) ns 44
Error rate
AdFlanker Incongruent 2.54 (.46) 2.26 (.18) * .82
RT (sec)

Note*** <.001; ** <.01; *< .05 RT — mean trial RT.

Table 5. Mean (SD) AdAC Scores for the DCD and TD groups.

DCD (n =25) TD (n = 25)
Measure Mean (SD) Mean (SD) p Cohen’s d
AdAC Congruent Completion Time 43.80 (13.60) 38.10 (10.20) * 51
AdAC Incongruent Error Rate 1.20 (2.23) .24 (.66) ns .56
AdAC Incongruent Completion Time (sec) 82.30 (26.10) 63.80 (21.70) ** 76

Note: **<.01.
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differences for error rate in the incongruent condition. Data were not collected on the error rate for the
congruent condition. The mean error rates for both groups were low (DCD M =1.20; TD M = .24),
indicating that neither group made many errors.

As significant group differences were found for completion time across both the congruent
and incongruent conditions, a further analysis was conducted to examine whether the conditions
affected each group in the same manner. Mann-Whitney U tests highlighted a significant group
difference, representing a large effect (d=.75) in the increase in time between congruent and
incongruent conditions (U =106, p =.003). Children with DCD had a larger increase across the
conditions (M =38.58, SD =17.39) than the TD control group (M =25.76, SD = 16.85).

Discussion

EF has been highlighted as an area of difficulty which impacts everyday life for those with DCD (O’Dea
& Connell, 2016). Inhibition is a fundamental component of EF, and inhibition-specific difficulties
have been reported in individuals with DCD (Subara-Zukic et al., 2022). However, the results have
been inconsistent and previous studies have not fully examined the two sub-components of inhibition,
IC and RI, using tasks that require verbal and motor responses. Response modality is an important
consideration in a population of children with motor difficulties. As IC and RI are conceptually
separate (Nigg, 2000), different intervention approaches are likely to be needed for each. It is, there-
fore, important to understand the inhibition skills of children with DCD more fully to gain a complete
understanding of their difficulties and because of the impact inhibition may have on motor
performance.

The current study built on and extended previous work by examining the inhibition skills of
children with and without DCD using IC and RI tasks requiring both motor and verbal response
modalities. It was predicted that children with DCD would perform more poorly on tasks which
required a motor response compared to typically developing (TD) children. Children with DCD were
found to make significantly more errors on the incongruent condition of the motor RI task and have
slower movement time as well as slower RT on the incongruent condition of the motor IC task.
Children with DCD were also found to make more errors compared to TD peers on the incongruent
condition of the verbal RI task and take longer time to complete the incongruent condition of the
verbal IC task. This has shown that inhibition difficulties in children with DCD are present both when
a motor and verbal response are required.

RI - Motor response

Children with DCD were found to have a higher Movement Time (MT) and error rate in both the
congruent condition (not involving a RI demand) and in the incongruent condition (which did have
a RI demand). These results suggest that children with DCD perform more slowly and less accurately
in tasks that require a motor response (in this case, a hand gesture) than TD peers. This is not
surprising as children with DCD are widely known to show slow and inaccurate movement, and this is
often a difficulty which impacts their ability to effectively perform everyday motor tasks (Blank et al.,
2019). Using the original VIMI task, Leonard et al. (2015) also found that children with DCD made
more RI errors compared to TD peers. However, unlike the current study, which reported congruent
and incongruent error rates separately, Leonard et al. (2015) used the total number of errors made
across conditions as their measurement of RI, thus affecting the ability to isolate the inhibition
demand.

Leonard et al. (2015) also did not consider MT. However, Bernardi et al. (2016) did consider
completion time on the VIMI with the same sample of children and found no difference between
children with and without DCD in the motor condition. However, completion time for a whole block
is a less sensitive measure than mean trial MT.



10 (&) T.JOYCEETAL

Further analysis in the current study showed that children with DCD had a greater increase in error
rate and MT between the congruent and the incongruent conditions compared to TD controls. This
suggests that the higher error rate and slower MT of children with DCD in the incongruent condition
relates not just to their motor difficulties but also to the RI demand. No significant group difference
was found for RT in the motor condition of the AdVIMI. RT has not previously been examined using
the VIMI task, and results considering RT across other RI tasks requiring a motor response have been
inconsistent (Ruddock et al., 2015; Thornton et al.,, 2018). This inconsistency across the literature
could relate to the range of motor responses used (e.g., key press, touch screen, and foot pedal).

RI - verbal response

The DCD group had significantly higher error rates than TD controls in the AdVIMI verbal incon-
gruent condition, but not in the congruent condition. This result contrasts with Leonard et al. (2015)
who found that children with DCD and TD controls did not differ in error rate on the VIMI verbal
task. However, as stated above, there were substantial differences in how the error rate was calculated
in Leonard et al. (2015) research compared to the current study.

Furthermore, Leonard et al. (2015) considered only correct and incorrect responses, while the
present study included “corrected” responses where a child may initially respond incorrectly and then
self-correct to provide the accurate response. This increased sensitivity in measurement in the present
study could explain the difference in findings. No significant group differences were found for RT in
the verbal condition of the AdVIMI. No previous research has considered RT in a verbal RI task.

IC - Motor response

No significant group difference was found for the error rate on the AdFlanker, the IC task with
a motor response. This finding contrasts with Michel et al. (2018) who found that children with motor
difficulties made more errors on a Flanker task compared to TD peers. There are several possible
explanations for this discrepancy in findings. Participants in Michel et al. (2018) study were younger
(4-6 years) than those in the current study (6-10 years). Therefore, it is possible that accuracy on the
AdFlanker is impaired for younger children with motor difficulties but not for older children with
DCD. Another possibility is that the two versions of the task have different cognitive demands. The
Flanker task used by Michel et al. (2018) had both a “standard” condition and a “switch” condition
where the rules were switched and children responded to the direction of the flanking fish. Michel
et al. (2018) error rate in the standard flanker conditions was much higher than in the AdFlanker used
in the present research. However, the addition of the “switch” condition could have affected perfor-
mance on the standard condition of Michel et al. (2018) task due to the increased working memory
load of the rule change.

Children with DCD were found to have a longer RT in both the congruent and incongruent
conditions of the AdFlanker in the present study. However, no significant group difference was found
in the increase in RT between the congruent and incongruent conditions. This demonstrates that
children with DCD were slower at reacting to this task regardless of the IC demand. Children with
DCD have been found to have poorer visual perception skills (Subara-Zukic et al., 2022). Therefore, it
is possible that the slower RT of children with DCD in the AdFlanker task is the result of poorer visual
perception, which is required to quickly locate the target fish and interpret its direction, rather than
poorer IC skills when a motor response is required.

IC - Verbal response

No significant group differences were found for the error rate on the AdAC, the IC task with a verbal
response. Similarly, to the AdFlanker task, there was a low error rate across both groups, so it is
possible that it was too easy to elicit differences between the groups. This finding is in line with Alesi
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etal. (2019) and Pratt et al. (2014) who did not find a group difference in error rate, but it is in contrast
to Michel et al. (2011) who did report a difference between children with and without motor
difficulties. While there was no difference in error rate in the present study, children with DCD
were found to take significantly longer to complete the task in both the congruent and incongruent
conditions compared to the TD peers. Further analysis showed that children with DCD had
a significantly greater increase in completion time between the congruent and incongruent conditions
compared to TD controls. This suggests that the Inhibition demand added in the incongruent
condition slowed down children with DCD more than TD peers. This suggests that children with
DCD took longer to complete the task when they were required to inhibit distracting information and
produce a correct response. Similarly, to the AdFlanker task, the poorer visual perception skills of
children with DCD could contribute to the differences found in both conditions (Subara-Zukic et al.,
2022).

Theoretical implications, limitations, and directions for future research

The results from the current study suggest that skill automation deficits and limited attention capacity
hypotheses cannot singularly account for the motor difficulties central to DCD, as inhibition problems
may also negatively impact performance. These results are in line with a recent meta-analysis which
found that individuals with DCD had poorer inhibition skills (Subara-Zukic et al., 2022). Inhibition is
required to focus on task relevant stimuli and inhibit automatic responses, thus enabling people to
respond appropriately to task and environmental cues which are necessary for completing or master-
ing many motor activities. Navigating a busy environment, for example, requires the ability to
maintain focus on task relevant information and adapt actions (such as stopping or moving out of
the way) based on changing environmental conditions. Inhibition is also important in adapting actions
in sports and playground games based on continually changing environmental circumstances (e.g.,
a moving football), and therefore, inhibition difficulties could contribute to reduced mastery of and
participation in these activities, limiting socializing and physical activity opportunities.

Therefore, inhibition difficulties could underpin or exacerbate the motor difficulties experienced in
DCD. Children with DCD are reported to participate in fewer sporting activities and have higher rates
of sedentary behavior in comparison to TD peers (Steenbergen et al., 2020). While this could be due to
motor difficulties, this avoidance of activities that use and develop inhibition skills could also explain
why such skills in children with DCD are poorer than in their TD peers.

In line with Lachambre et al. (2021) systematic review, this research found that children with DCD
had poorer Inhibition skills in tasks that required both motor and verbal responses. Currently, little is
known about the mechanisms of verbal and motor inhibition and whether these are conceptually
different or the same. Future research could use functional brain imaging to consider if motor and
verbal inhibition use similar neural networks.

The results of this study need to be considered in light of their limitations. In the RI motor task,
children with DCD were found to make significantly more errors in the incongruent condition than in
the congruent condition. However, in the IC motor task, children with DCD were not found to make
significantly more errors in the incongruent condition compared to the congruent condition. While
this could be because the tasks assessed different inhibition components, the difference in results could
also be explained by differences in the complexity of the motor demand required for the two tasks. The
motor response of pressing a button in IC tasks is arguably less complex than making a fist and
pointing a finger which was the required response in the motor RI task. Future research should aim to
explore this further by examining the effect of motor complexity on inhibition performance for
children with DCD in both RI and IC tasks using comparable response modalities.

All of the experimental tasks used in this study were specifically designed or chosen to be
entertaining to children and to limit the influence of other variables on performance, such as a lack
of attention to the task. However, balancing the engagement of the child and the sensitivity of the task
is challenging and may have resulted in a low error rate in some of the tasks. While using fewer trials in
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tasks, compared to adult versions, helps reduce the impact of confounding variables, Rouder et al.
(2019) suggest that having fewer trials affects the reliability of results. They highlight that performance
on inhibition measures is subject to large measurement error and variance across trials and advocate
for the use of a large number of trials to minimize this error. However, this is not practical with young
children.

Another challenge of this field of work is the number of potential confounding variables such as
levels of hyperactivity and inattention and co-occurring conditions. In line with findings from
Lachambre et al. (2021) systematic review, excluding children with co-occurring conditions from
the current study, was not found to impact the results.

Unfortunately, as the majority of the data in the current study were non-parametric, it was not
possible to control for higher levels of hyperactivity and inattention. Therefore, it is possible that the
higher levels of hyperactivity and inattention for children with DCD could explain the group
differences.

Children with DCD have previously been found to have higher levels of hyperactivity and inatten-
tion (Crane et al., 2017). In the current study, 76% of children in the DCD group had “slightly raised”
or higher scores on the SDQ. This suggests that higher levels of hyperactivity and inattention are not
independent of a DCD diagnosis, and therefore, it may not be appropriate to partial out the effect.
A fundamental difficulty when measuring EF is the issue of task impurity (Burgess, 1997). EF tasks,
even when aiming to isolate individual components, rely on a range of other processes not directly
under investigations such as the motor or language skills needed to respond to or understand task
instructions. In comparison to the original VIMI, the AdVIMI limited the demands of working
memory by including practice trials and limited attentional demands by reducing the number of
trials by 75%. However, it is not possible to completely isolate Inhibition from all other cognitive
processes, and this must be considered when interpreting the effect sizes of the results. Furthermore,
whilst building on the range of tasks used in previous research, this study still used only one measure
for each inhibition construct (RI and IC) separated by a response modality (verbal and motor).
Therefore, it was not possible to consider in detail the potential influence of task impurity on the
results. Future research could consider using several tasks for each construct (e.g., the RI tasks with
a motor response), and latent variable analysis could be applied to account for task impurity
difficulties.

Finally, the strength of the current work compared to some previous studies is the combination of
a larger sample size (Alesi et al., 2019; Rahimi-Golkhandan et al., 2016) and full diagnostic assessment
of DCD participants. The present study sample reflects the commonly reported increased incidence of
DCD in males compared to females (Kadesjo & Gillberg, 1998; Lingam et al., 2009). As explanations
for this gender imbalance are lacking, it may be appropriate to attempt to achieve more balanced
samples in the future work on EFs in DCD.

Conclusion

Inhibition difficulties are reported to impact the daily life of individuals with DCD (O’Dea &
Connell, 2016) and have been highlighted as an area of difficulty in a recent meta-analysis (Subara-
Zukic et al., 2022). The present study added to our understanding by examining inhibition using
specially adapted RI and IC tasks requiring motor and verbal responses in a group of children with
a narrower age range than previous research. In line with previous investigations, this study found
that, overall, children with DCD experience greater difficulties with inhibition. While these were
not found across all measures, poorer performance was found across measures of both RI and IC
when a motor and verbal response was required. This suggests that skill automatization deficits
and limited attention capacity hypotheses cannot singularly account for the motor difficulties
central to DCD and that EF limitations could partly contribute to the motor difficulties
experienced.
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