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Abstract 
Objectives 
Motor difficulties are often reported in individuals with Attention Deficit Hyperactivity Disorder 
(ADHD). The aims of this study are to detail the motor profile of children with ADHD and to 
determine whether the motor impairment present in a large proportion of children with ADHD 
represents a phenotypic characteristic of ADHD or a co-occurring deficit.  
Methods 
Participants with ADHD (N=51; age 8 to 15 years) and typically developing (TD) motor matched 
control children (N=75; age 4 to 11 years) completed the largest battery of assessments of motor 
function that have been used with this population to-date, as well as a measure of inhibition as a 
behavioural measure of ADHD characteristics. Parents/caregivers also completed questionnaires 
relating to ADHD symptomology and a retrospective report of their child’s motor milestone 
achievement.  
Results 
A motor deficit was observed in 47% of our ADHD sample. Few relationships were observed 
between ADHD core characteristics and motor competence. Furthermore, there was an uneven 
profile of motor performance across different motor tasks, relative to the TD children. Interestingly, 
it appears that motor milestone achievement is not delayed in ADHD. 
Conclusions 
Our findings suggest that the motor deficit observed in ADHD is not inherent to ADHD.  The motor 
deficit observed in some children with ADHD does not represent a simple delay in development, and 
is not observed in infancy with respect to reaching motor milestones.  
 
Keywords: Attention Deficit Hyperactivity Disorder; Motor development; Motor milestones  
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Is the motor impairment in Attention Deficit Hyperactivity Disorder (ADHD) a co-
occurring deficit or a phenotypic characteristic? 

Attention Deficit Hyperactivity disorder (ADHD) is a common neurodevelopmental disorder 
characterised by a persistent pattern of inattention and/or hyperactivity-impulsivity (American 
Psychiatric Association [APA], 2013) which affects approximately 5% of the population (Polanczyk 
et al., 2007). A co-occurring motor impairment is evident in children with ADHD with 
approximately 50% meeting the criteria for Developmental Coordination Disorder (DCD) (Brossard-
Racine et al., 2012; Pitcher et al., 2003), a disorder characterised by motor skills that are significantly 
below age-expected levels, despite opportunities to acquire and develop these skills (APA, 2013).  

Despite the high prevalence of motor impairments in ADHD, few studies have investigated the 
motor system in ADHD (see Kaiser et al., 2015 for a review) and it is currently unclear whether a 
motor deficit is a characteristic of ADHD itself, or whether it reflects a co-occurring motor deficit 
distinct from ADHD symptomology (see Goulardins et al., 2017). Gillberg (2003) categorised those 
with a dual-diagnosis of ADHD and DCD into a distinct disorder, referred to as Deficits in Attention, 
Motor Control and Perception (DAMP). This is useful at a descriptive level, but it does not address 
whether motor difficulties are part of the ADHD phenotype or not. Some progress has been made, 
however, by familial genetic studies. Fliers et al. (2008) suggested from their data of 275 sibling 
pairs, at least one of which had a diagnosis of ADHD, that whilst ADHD and motor difficulties have 
a shared genetic and/or environmental basis, ADHD with a motor impairment appears to represent a 
separate subgroup compared to ADHD alone.  

To address the hypothesis that the motor impairment is part of ADHD symptomology, several 
studies have investigated the relationship between motor skills and the core diagnostic features of 
ADHD. Tseng et al. (2004) found that measures of sustained attention and impulse control were 
good concurrent predictors of fine and gross motor skills in 6-11-year-olds with ADHD. Piek et al. 
(2004) reported strong correlations between motor coordination and inattention, but weaker 
correlations with executive function (EF) tasks in 6-15-year-olds with ADHD. Further, Çak et al. 
(2018) reported an association between two (fine motor integration and fine manual control) out of 
eight subdomains of the Bruininks-Oseretsky Test of Motor Proficiency (BOT: Bruininks, 1978) and 
the Conners rating scales (Conners, 2003), a measure of ADHD severity. However, their sample was 
a mixed group of children with ADHD and TD 8- to 11-year-old children, which makes it difficult to 
identify any ADHD-specific associations. Ziereis and Jansen (2016) found weak evidence that some 
aspects of EF (visuo-spatial working memory), but not others (inhibition), were related to the 
catching and aiming and manual dexterity sub-domains of the Movement Assessment Battery for 
Children second edition (M-ABC 2; Henderson et al., 2007) in 7-11-year-olds with ADHD. Fliers et 
al. (2008) used the Conners rating scales (Conners, 2003). They reported that children who presented 
with ADHD and a motor deficit had equivalent scores compared to those who presented with ADHD 
only, thus also suggesting that motor impairment is not a marker of severity of ADHD. Given the 
lack of consistency across studies, Goulardins at al. (2017) concluded that it is not yet clear whether 
the motor problems in ADHD are a characteristic of ADHD.  

Considering the motor profile in those with ADHD, evidence to-date suggests that the motor 
impairment in ADHD does not simply reflect delayed development, rather that there is an uneven 
profile of impairment across different motor tasks. Standardised motor batteries include the 
Movement Assessment Battery for Children (M-ABC: Henderson & Sugden, 1992) which comprises 
three subdomains (Manual Dexterity, Ball Skills and Static and Dynamic Balance) and the 
Bruininks-Oseretsky Test of Motor Proficiency (BOT: Bruininks, 1978) which comprise eight 
subdomains (Fine Motor Precision, Fine Motor Integration, Manual Dexterity, Bilateral 
Coordination, Balance, Running Speed and Agility, Upper Limb Coordination and Strength) (note 
that both of these tests have been revised, but contain the same sub-domains). Studies that have used 
the M-ABC reported a specific impairment in manual dexterity (Brossard-Racine et al., 2012) or 
both manual dexterity and ball skills (Pitcher et al., 2003), compared to static and dynamic balance. 
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Studies that have used the BOT reported a deficit in balance and fine motor precision (Tseng et al., 
2004) or in balance, fine motor integration, bilateral coordination, running speed and agility and 
strength (Cak et al., 2018). Whilst studies show some consistencies, a deficit in manual dexterity is 
more evident when the M-ABC is employed whilst a deficit in balance is more evident when the 
BOT is employed. This likely reflects differences in task demands; the M-ABC is a tool for 
screening motor difficulties, whereas the BOT is used to characterise motor impairment and has 
more subtests that involve similar skills within each subdomain (Johnston & Watter, 2006) and thus 
might be more sensitive to performance variability.  

Other studies have used batteries of unstandardised tasks. The majority of these assessed fine 
motor ability (e.g. pen and paper tracing, mark making, threading beads, putting items on a 
pegboard, using tweezers) and reported a deficit in children with ADHD relative to TD chronological 
age-matched controls (Lavasani & Stagnitti, 2011; Mokobane et al., 2019; Scharoun et al., 2013). 
This is broadly consistent with reports of impaired manual dexterity (when measured using the M-
ABC) above. Furthermore, Racine et al. (2008) reviewed evidence for impaired handwriting skill, a 
practical impact of impaired fine motor skill, in ADHD. Whilst they reported that further research is 
required, evidence to-date suggests that handwriting is impaired in children with ADHD. In addition 
to fine motor ability, Scharoun et al. (2013) also measured gross motor ability. They demonstrated a 
deficit in a foot tapping task, relative to TD chronological age-matched controls, but not on gross 
motor tasks which involved repeatedly tapping metal plates with a rod or manually rolling a 
matchbox across a table. The authors concluded that the profile of performance reflected task 
complexity (the more complex tasks lead to impairment). The more complex tasks, which were 
typically their fine motor tasks, involved motor coordination or goal-directed movements, thus 
perhaps these tasks drew more heavily on Executive Function (EF), a skill which is known to be 
impaired in ADHD.  

Beyond motor test batteries, other studies have drawn on evidence that the cerebellum has 
structural (e.g. reduced inferior posterior vermis: Mostofsky et al., 1998) and functional (e.g. reduced 
resting state activation in both hemispheres of cerebellar cortex; Kim et al., 2002) atypicalities in 
ADHD. Motor tasks that are known to be associated with cerebellar activation include balance tasks 
and finger-thumb tasks (sequentially tapping each finger to the thumb). In contrast to the lack of 
consensus between the balance subtests of the M-ABC and the BOT above, the four studies that have 
measured postural sway, arguably a sensitive measures of balance, showed a consistent finding that 
balance is compromised in both children and adults with ADHD (Bucci et al., 2017; Bucci et al., 
2014; Hove et al., 2015; Shorer., 2012). Hove et al. (2015) also found a positive correlation between 
postural sway and cerebellar volume in adults with ADHD. This supports the theory of balance 
impairments in ADHD being associated with structural differences in the cerebellum. Interestingly, 
however, Hove et al. (2015) did not find an association between postural sway and self-reported 
adult ADHD symptoms. This could suggest that the motor impairment (specifically balance) and 
cerebellar atypicalities are not inherent to ADHD, but represent co-occurring deficits. Further 
research is required to explore this. 

To-date, two studies have used the finger-thumb task (Fawcett et al., 1996) with children with 
ADHD. Both Mostofsky et al. (2006) and Rosch et al. (2013) reported no time difference between 8-
12-year-olds with ADHD and TD chronological age-matched controls on this task (although Rosch 
et al. [2013] noted subtle group differences related to variability in the time taken to complete a 
sequence). This contrasts to the findings of the balance task measures and suggests that the motor 
profile in ADHD is not solely driven by atypicalities in cerebellar function. 

Taken together, the profile of motor impairment in ADHD is yet to be fully established. Evidence 
to-date does not point to a specific deficit in fine or gross motor ability, and impairments extend 
beyond those that can be attributed to atypical cerebellar function. Whilst Scharoun et al. (2013) 
discuss task complexity as an explanatory factor for the motor profile observed on their tasks, 
adopting this explanation cannot explain why postural sway, arguably a task with low cognitive 
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complexity, is impaired in ADHD. Of course, an understanding of the ADHD motor profile is 
dependent on further knowledge regarding the relationship between the motor impairment in ADHD 
and core ADHD symptomology. None of the studies above differentiate between those children with 
ADHD who do and do not have a motor impairment, and thus make an implicit assumption that the 
motor impairment is part of the ADHD phenotype. As such, the findings of the studies above could 
be argued to be diluted by the inclusion of children with ADHD who do not display a motor 
impairment. A methodology of splitting the ADHD group into those with and without a severe motor 
impairment has potential to dramatically increase the precision of our understanding of motor 
competence in ADHD. 

Another factor which is yet to be considered within the ADHD literature is the achievement of 
motor milestones. In typical development, achieving early motor milestones is vital for infants to 
interact with and learn from their surroundings (Clearfield, 2011; Kretch et al., 2014). Research with 
atypical populations highlights that late achievement of motor milestones can lead to downstream 
motor (and other) impairments. For example, children with DCD achieve motor milestones 
(crawling, standing unassisted, walking unassisted) later than TD children (Sumner et al., 2016). Due 
to the high prevalence of motor impairments in ADHD, it may also be the case that children with 
ADHD later identified with a motor impairment, achieve milestones later.  

The aims of the current study were to: 1) determine whether the motor impairment in ADHD 
relates to the core features of ADHD; and 2) determine the ADHD motor profile using the most 
extensive motor battery that has been employed with children with ADHD to-date. To measure 
ADHD core features, we included a behavioural measure of inhibition as well as a number of parent-
report standardised questionnaires. To measure motor competence we used the Bruininks-Oseretsky 
Test of Motor Proficiency Second Edition Short Form (BOT2-SF; Bruininks & Bruininks, 2005), a 
postural sway task and a finger-thumb task. The latter two measures were included because they are 
known to be associated with cerebellar activation, and thus might be impacted by the reported 
atypicalities in the function of the cerebellum (Kim et al., 2002). We also included a parent-report of 
motor milestone achievement.  

Method 
Participants 

Fifty-one children with ADHD (aged 8 to 15 years) were recruited. Three children with ADHD 
were excluded due to having a co-occurring diagnosis of a neurological condition (partial Fetal 
Alcohol syndrome, Tourette’s syndrome, or Microcephaly). Each of these neurological conditions 
are associated with motor problems, which could have affected the results. A further two children 
were excluded because they had taken medication within the 24 hours preceding testing, which can 
impact motor performance (Kaiser et al., 2015). Finally, three children with ADHD scored ≤5th 
percentile on two IQ measures, the British Picture Vocabulary Scale III (BPVS III; Dunn & Dunn, 
2009), and the Matrices subtest from the British Ability Scales III (BAS III) (Elliott & Smith, 2011), 
and so were excluded because we could not rule out additional learning difficulties which might 
impact motor performance. The final sample comprised 43 children with ADHD. The ADHD group 
was recruited by advertising via parent support groups, ADHD publications and newsletters, and 
social media. All children in the ADHD group had received a formal diagnosis of ADHD from a 
clinician, which was supported using questionnaire measures. Participants were recruited regardless 
of their diagnosed ADHD subtype (see Tables 3 and 6 for sub-type information). One child with 
ADHD had a co-occurring diagnosis of DCD. This child was not excluded from the analyses. A 
further eleven children with ADHD with diagnoses of one or more co-occurring disorders were not 
excluded because ADHD was their primary diagnosis. Recent research suggests that ADHD might 
share common early developmental pathways with other disorders, including Autism (see Johnson et 
al., 2015). Excluding participants with co-occurring disorders would both ignore this convergence 
and would not provide a true representation of the ADHD population. Co-occurring disorders in the 
current sample were: Sensory Processing Disorder (N=2), Pervasive Developmental Disorder (N=1), 
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Dyslexia (N=5), Autism (N=3), Asperger syndrome (N=1), Oppositional Defiance Disorder (N=2), 
Social Communication Disorder (N=1) and Obsessive Compulsive Disorder (N=1). All analyses 
were carried out with these eleven participants excluded and included and any differences in the 
patterns of results are reported.  

Data from two TD samples are reported. The main TD group were recruited as part of this study 
and completed the same behavioural measures as the ADHD sample (Table 1). The second TD data 
set (Table 2) were provided by Sumner et al. (2016) and had completed the motor milestone 
questionnaire (other measures were also completed by this group as reported in Sumner et al., 2016). 
The main TD sample comprised 75 children aged 4 to 11 years who were recruited from primary 
schools in London, UK. One TD participant scored below the 5th percentile on both the BPVS and 
BAS Matrices subtest and so was excluded from the group. All TD participants scored in the 
category of “Average” or “Above Average” with respect to motor ability as measured by the BOT2-
SF (Bruininks & Bruininks, 2005), and had normal or corrected to normal vision. The final sample 
size for this group was N=74. The TD children were chosen to span the same range of overall motor 
ability (BOT2-SF) as the ADHD group and so by design were group-matched to the ADHD group by 
motor ability, t(111)=.326, p=.745 (see Table 1). As such, many of the TD group were younger than 
the ADHD group. This methodology of matching by the variable of interest rather than chronological 
age is not uncommon (e.g., Sumner et al., 2018). To account for the broad range of motor ability and 
the fact that motor abilities develop at different rates (Clarke & Metcalfe, 2002) (which would 
change the profile of motor competences with development), for analyses which involved group 
comparisons, we split the TD group into three age ranges (TD 4-6 years, TD 7-8 years, TD 9-11 
years; Table 1). If we had used TD children of the same range in chronological age as the ADHD 
group, the ADHD group would likely demonstrate impairments across the board thus making it 
difficult to ascertain profile information, and second it would fail to take developmental differences 
in profiles into account because the TD group would be developmentally advanced relative to the 
ADHD group with reference to motor competence. By using motor ability as our variable of interest, 
we can determine the profile of motor abilities in children with ADHD relative to the profile of 
motor abilities of a typical child with the same overall level of motor abilities (note that published 
standardised data at the subdomain level is not available for the BOT2-SF)  

Tables 1 and 2 about here 
Procedure 

Ethical approval was obtained from UCL Institute of Education.  The children were tested 
individually either in a quiet room at their school, in their home or in the research lab. The order of 
tests was randomised for each child. For the ADHD participants the session lasted between 1 hour 15 
minutes and 2 hours with frequent breaks. For the TD children, testing was completed over four 30-
minute sessions for children aged 4 to 7 years, and in two one-hour sessions for children aged 8 to 11 
years. Children were given breaks when needed, and for some 4- and 5-year-olds some sessions were 
split further into 15-minute sessions in order to maintain motivation and minimise fatigue. 
Measures 

Bruininks-Oseretsky Test of Motor Proficiency Second Edition Short Form (BOT2-SF; 
Bruininks & Bruininks, 2005). The BOT2-SF is a measure of motor skill proficiency for 
individuals from 4 to 21 years, with strong test–retest reliability (80 to .87) and inter-rater reliability 
(.98). The test includes 14 items that make up eight subtests: three for fine motor control (Fine Motor 
Precision; Fine Motor Integration; Manual Dexterity) and five for gross motor control (Bilateral 
Coordination; Balance; Running Speed and Agility; Upper Limb Coordination; Strength). The test 
yields a Motor Composite standard score (mean of 50, standard deviation of 10), in addition to a Fine 
Motor and a Gross Motor raw score. The total testing time for the Short Form is 15-20 minutes.  

Finger-Thumb Task. This motor task (based on: Fawcett et al., 1996) involves the experimenter 
instructing the participant to place both of their hands palm side up on a table, before moving the 
fingers of their writing hand; touching their thumb to their index finger, then along all their fingers to 
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their little finger, before returning their thumb back along to the index finger. The experimenter 
demonstrates the task first, before allowing the participant time to practice (until they can complete 
it). The participant is then instructed to complete two trials of the task, each with six rounds of 
tapping, as quickly as possible. They are not told how many rounds to complete; only when to stop. 
Between trials, participants are given a short break and told to “shake their hands” before starting the 
second trial. The second to the sixth round of tapping for each trial is coded for accuracy. One or 
more errors in a round would count as one error, with a maximum of five errors per trial and ten 
errors in total. The task was video recorded and coded offline. Total errors across ten sequences, as 
well as the summed time to complete ten sequences, were recorded. These variables were used to 
calculate an Inverse Efficiency Score (IES: Response Time / [1 – proportion of errors]). 

Wii Balance board (WBB). The WBB is a valid and reliable tool for measuring postural control 
(Clark et al., 2010). This was used as our measure of balance. Participants stood with their feet 
together, without shoes, in the middle of the board. They were instructed to stand as still as possible 
for four 20 second sessions, either with their eyes open or closed (the order of which was interleaved 
and counterbalanced). The WBB was connected to a laptop over Bluetooth. Postural sway was 
quantified as the path length (in cm) of the centre of pressure (CoP; defined as “the location on the 
supporting surface where the resultant vertical force vector would act if it could be considered to 
have a single point of application” [p. 3, Benda et al., 1994). The CoP path length was calculated 
using formulae from Leach et al. (2014). To account for the anticipated noisier data from the WBB 
due to the low weight of the younger participants, a wavelet filter was applied. The filter and the 
threshold used are as described in Flatters et al. (2014). 

Inhibition (Go/No Go task). The Go/No Go task (see Purser et al., 2015) provided an empirical 
measure of ADHD characteristics. The task was programmed in Matlab. Participants viewed a 
pseudo-random series of red, green, blue and yellow solid 5cm diameter circles, presented on a 
laptop and were instructed to press the space bar as quickly as possible when they saw each circle. If 
the circle was red, the participant was told to refrain from pressing the space bar. If the space bar was 
pressed on viewing a red circle, a buzzing ‘error’ noise was heard (via headphones) and the circle 
disappeared. Each circle disappeared after two seconds if the space bar was not pressed. Red trials 
constituted 1/4 of trials. There were two blocks of 64 experimental trials, preceded by eight practice 
trials, with a break between blocks. The total number of commission errors (i.e., the number of times 
they pressed the space bar for a red circle) was measured. Response Time (RT) variability was 
measured as the Standard Deviation of RT for correct hits (see Epstein et al., 2011).  

Conners’ Parent Rating Scale – Revised Long Form  (CPRS-R:L: Conners, 1997). CPRS-
R:L can be used for children from 3 to 17 years. Parents rate their children’s behaviours over the last 
month on 80 items, on a four point scale from “Not True At All (Never)” to “Very Much True (Very 
Often)”. It provides 14 subscales, including an ADHD Index (comprised of questions on both 
Inhibition and Hyperactivity). This contains the best-suited items for distinguishing ADHD children 
from children without ADHD and is presented in the current study. Scores on subscales that are one 
standard deviation above the mean of 50 (i.e., scores above 60) are considered to be in the clinical 
range. The questionnaire has strong internal reliability (.75–.94; Conners et al., 1998) and the ADHD 
Index test–retest reliability is .72. The ADHD Index also provides an indication of ADHD subtype 
according to DSM IV criteria in the following categories: ADHD Inattentive, ADHD Hyperactive-
Impulsive, ADHD Combined. Given that the response items used to determine subtype only partially 
overlap with those which comprise the ADHD Index score, it is also possible to score in the clinical 
range for the ADHD Index, but not meet criteria for either the categories listed above. 

Child Behavior Checklist (CBCL: Achenbach & Rescorla, 2001). The CBCL is a widely-used 
instrument for children between 6 and 18 years. Parents rate their child’s behavior now and within 
the past 6 months on 113 items. The behaviour is scored on a 3-point Likert scale from 0 (not true) to 
2 (true/ often true). Items are organised into a number of scales. The Attention Deficit/ Hyperactivity 
Scale is based on the DSM (Diagnostic and Statistical Manual of Mental Disorders) criteria for 
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ADHD and was used in the present study. T-scores above 65 are in the clinical range. The Attention 
Deficit/Hyperactivity Scale has a strong internal reliability (.84) and test–retest reliability (.93). 

Strengths and Difficulties Questionnaire (SDQ: Goodman, 1997). The parent-report version of 
the SDQ comprises 25 items. Items are rated as: “Not True”, “Somewhat True”, or “Certainly True”. 
Items are organised into five subscales; given the focus of the present study (on ADHD), the 
Hyperactivity subscale scores were used. A Hyperactivity score higher than 5 is considered to be 
“Raised”, with a score of 8 or more considered to be “High”. The measure has a good internal 
consistency (.73), and test-retest reliability (0.62, Goodman, 2001).  

Motor milestones questionnaire (developed by Sumner et al., 2016, and based on Brouwer et 
al., 2006). Parents were presented with a list of 12 motor milestones (e.g., stand without assistance) 
and were asked to report the child’s age (in months) that these milestones were reached, plus any 
further comments about the motor milestone.  

IQ measures. Participants completed the British Picture Vocabulary Scale III (BPVS; Dunn & 
Dunn, 2009), a measure of receptive vocabulary, and the Matrices subtest of the British Ability 
Scales III (BAS) (Elliott & Smith, 2011), a measure of visuo-spatial reasoning.  
Data Analyses 

To assess ADHD core characteristics, parent report measures of ADHD characteristics were 
scored and coded categorically to determine whether participants with ADHD met the cut-off for 
ADHD or not. Performance on the Go/NoGo task, our behavioural measure of ADHD 
characteristics, was analysed using one factor ANOVAs with Group (TD 4-6y, TD 7-8 y, TD 9-11y, 
ADHD) as the between-participant factor. The two dependent variables for the Go/NoGo task were 
commission errors and RT variability. We predicted that the ADHD group would all meet the cut-off 
for ADHD and would demonstrate a relatively high number of commission errors and higher RT 
variability compared to at least the TD 9-11y group. 

To determine whether the motor impairment in ADHD relates to the core features of ADHD (aim 
1), first associations between motor performance and ADHD core characteristics were analysed 
using correlational analyses. Correlations were carried out for the ADHD group and TD group 
(treated as one group) separately. In light of the implications of relying on associational designs (an 
association does not imply causation), this approach was coupled with our second approach. That is, 
we categorically divided our ADHD group using the zones of the BOT2-SF (Bruininks & Bruininks, 
2005) into those with a motor ability score which indicates impairment (<16th percentile ADHD-L), 
and those with motor performance within the normal range (≥16th percentile: ADHD-H). We 
compared the ADHD core characteristics and motor scores between the ADHD-L and ADHD-H 
groups using independent samples t-tests. On account of the lack of consistency in the literature 
regarding whether or not a motor impairment is part of the ADHD phenotype (Goulardins et al., 
2017), we cannot make predictions for aim 1. If a motor impairment is inherent to ADHD, this 
predicts an association between ADHD core characteristics and motor performance, as well as group 
differences (ADHD-L >ADHD-H) for both motor impairment and ADHD characteristics. If a motor 
impairment in ADHD instead represents a subgroup of children, this predicts no such association and 
that the ADHD-L group will differentiate from the ADHD-H group with respect to motor skills, but 
not ADHD core characteristics. 

To determine the ADHD motor profile (aim 2), MANOVA was carried out on the eight 
subdomains of the BOT2-SF (Fine Motor Precision, Fine Motor Integration, Manual Dexterity, 
Bilateral Coordination, Balance, Running Speed and Agility, Upper Limb Coordination, Strength) 
with Group as a between-participant variable (TD 4-6, TD 7-8, TD 9-11, ADHD-L, ADHD-H). For 
the motor milestone and finger-thumb IES dependent variables, one-factor ANOVAs were carried 
out with Group as a between-participant variable (TD 4-6, TD 7-8, TD 9-11, ADHD-L, ADHD-H), 
whilst a two-factor ANOVA with an additional factor of eyes open vs. eyes closed was carried out 
for postural sway. Postural sway had a dependent variable of path length (in cm) of the centre of 
pressure (CoP). Our method of categorising the participants with ADHD into two groups for these 
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analyses, represents a significant departure from the methodologies used in the literature to-date, 
which risked diluting findings by the inclusion of children with ADHD who did not display a motor 
impairment. We predicted an uneven profile of impairments and delayed motor milestone 
achievement in at least the ADHD-L group, with stronger impairment on balance measures and 
possibly manual dexterity, relative to other motor tasks and finger-thumb performance. Furthermore, 
if the motor profile of the ADHD-L group is specific to this group, this supports a hypothesis that the 
two ADHD groups are categorically different with respect to motor competence and that children 
with ADHD and a severe motor impairment represent a subgroup of ADHD. In contrast, if the two 
ADHD groups present with similar, atypical motor profiles, this supports the hypothesis that the two 
ADHD groups fall on a continuum of motor performance and that there is a disorder-specific motor 
profile for ADHD.  

 
 

Results 
ADHD core characteristics 

Parental questionnaires. Parental questionnaire data for the ADHD group are reported in Table 
3. One parent did not complete the SDQ and four parents did not complete the CBCL. All ADHD 
participants met the criterion of having a CPRS-R:L ADHD Index score above 60. Thirty-two out of 
39 (82%) ADHD participants met the criterion of having a CBCL Attention Deficit/Hyperactivity 
Problem T-score at or above 65. Forty-one out of 42 (99%) ADHD participants met the criterion of 
having SDQ Hyperactivity scores at or above 5. In summary, all participants met criteria for ADHD 
on at least one of the questionnaire measures. This supports their clinical diagnosis of ADHD. 

Table 3 about here 
Go/No Go. Commission errors on the Go/No Go task and RT variability represent a behavioural 

measure of the core ADHD deficit of inhibition (Nigg, 1999; although see Nigg et al., 2005) and a 
key marker of risk for ADHD symptoms (Tye et al., 2016) respectively. The data from three TD 
participants are missing, due to technical failure, whilst a further three TD participants did not 
attempt the task. ANOVA was carried out on each of these two dependent variables with Group (TD 
4-6y, TD 7-8 y, TD 9-11y, ADHD) as a between participant factor. This demonstrated a main effect 
of group for each DV (commission errors: F(3, 107=3.79, p=.013, ηp2 =.096; RT variability: F(3, 
107)=3.91, p=.011, ηp2 =.99). Tukey paired comparisons demonstrated that this was due to poorer 
performance (mean [SD]: 5.98 [5.37]) and higher RT variability (mean [SD]: 0.21 [ 0.09]) in the 
ADHD group than the TD 9-11 group (commission errors mean [SD]: 2.73 [3.34]; RT variability 
mean [SD]: 0.16[0.05]) (commission errors: p=.008; RT variability: p=.014), but similar 
performance to the TD 4-6 (commission errors mean [SD]: 3.88 [3.67]; RT variability mean [SD]: 
0.22[0.07] ) and TD 7-8 (commission errors mean [SD]: 3.91 [2.57]; RT variability mean [SD]: 
0.19[0.06] ) groups (p>.05 for all) (see Figures 1 and 2). The TD 9-11 group did not differ 
significantly in cognitive ability from the ADHD group (BPVS raw score: p=.75, BAS matrices 
ability score: p=.06), and thus represent an approximate cognitive ability match. Thus, this again 
supports the clinical diagnosis of ADHD for this group.  
 
 Figures 1 and 2 about here 
Associations between motor performance and ADHD core characteristics 
On account of high correlations between the CPRS-R:L ADHD Index and the CBCL Attention 
Deficit/Hyperactivity (r=.57, p<.001, N=39), CBCL Attention Deficit/Hyperactivity was not entered 
into correlation matrices. Correlational analyses were carried out for the ADHD group between four 
measures of ADHD core characteristics (two behavioural and two parent report) and eight motor 
measures (five concurrent and three retrospective). For the TD group (treated as one group), 
correlational analyses were carried out between the two behavioural measures of ADHD core 
characteristics and the five concurrent motor measures.  
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The two behavioural measures of ADHD core characteristics were Go/No Go commission errors 
and RT variability, whilst the two parent report measures were CPRS-R:L ADHD Index and SDQ 
Hyperactivity index. The five concurrent motor measures were: two measures from the BOT2-SF 
(fine motor score and gross motor score) and three cerebellum measures (postural sway eyes open, 
postural sway eyes closed, finger-thumb IES). For the concurrent motor measures, partial 
correlations were carried out, controlling for variance associated with chronological age. The 
retrospective motor measures were three motor milestone measures (sitting without support, hands 
and knees crawling, walking without support). These motor milestone measures were chosen because 
they all signified unsupported motor competences and thus would not be impacted by variation in 
parental scaffolding. This constitutes 32 correlations for the ADHD group, and thus the bonferroni 
corrected critical alpha is p≤.00156 and ten correlations for the TD group, and thus a bonferroni 
corrected critical alpha of p≤.005. The TD group demonstrated no significant correlations 
(controlling for chronological age) between the behavioural measures of ADHD characteristics 
(derived from the Go/No GO task) and the concurrent motor measures: p>.00625 for all; range: 
p=.046 to p=.90). Correlations for the ADHD group are also largely non-significant. These are 
reported according to concurrent and retrospective motor measures in Tables 4 and 5 respectively. 

Tables 4 and 5 about here 
Observation of Tables 4 and 5 demonstrate that statistically significant associations were observed 

between the two behavioral indexes of ADHD characteristics (errors on the Go/No Go task, RT 
variability) and the BOT2-SF fine motor measure only. This limited number of associations broadly 
suggests that the motor impairment in ADHD is not related to the core ADHD phenotype. The 
remaining analyses, as planned, were conducted by splitting the ADHD group into a low motor 
ability group (ADHD-L) and a high motor ability (ADHD-H) group using the zones of the BOT2-SF 
(Bruininks & Bruininks, 2005) standard scores. The ADHD-L group had BOT2-SF standard scores 
within the below average and well below average zones, which indicate that performance was at least 
1 SD below the mean (i.e., <16th percentile) (N = 20), which corresponds to the cut-off often used to 
indicate Developmental Coordination Disorder (e.g. Sumner et al., 2016). The ADHD-H group had 
scores within the average and above average zones (N = 23). The details of each group are shown in 
Table 6. Independent t-tests (bonferroni corrected critical alpha: p≤.007) revealed that the groups had 
similar IQ, chronological age and ADHD symptomatology, and by design differed in motor ability. 
Chi-squared analysis indicated that the distribution of ADHD subtypes was similar between the two 
groups.  

Table 6 about here 
The ADHD motor profile 

BOT2-SF. MANOVA was conducted on the eight subdomains of the BOT2-SF (Fine Motor 
Precision, Fine Motor Integration, Manual Dexterity, Bilateral Coordination, Balance, Running 
Speed and Agility, Upper Limb Coordination, Strength) with Group as a between-participant 
variable (TD 4-6, TD 7-8, TD 9-11, ADHD-L, ADHD-H). This demonstrated a significant effect of 
group, F(32, 388.816)=6.219, p<.001; Wilk’s Λ=.218, ηp2 =.317. Univariate ANOVAs (bonferroni 
corrected critical alpha: p≤.00625) demonstrated main effects of group for all subdomains 
(p<.00625) with the exception of Fine Motor Integration (p=.014). Tukey posthoc comparisons were 
conducted to determine the profile of performance for the ADHD-L and ADHD-H groups. For 
completeness regarding profile information, this was conducted for all subdomains (including Fine 
Motor Integration). The TD 9-11 group did not differ significantly in cognitive ability from either of 
the ADHD groups (BPVS raw score: p=.85, BAS matrices ability score: p=.12), and thus represent 
an approximate cognitive ability match.  
Posthoc Tukey comparisons are reported here with reference to comparisons between the ADHD-H 
group and all other groups and between the ADHD-L group and all other groups. Significant 
differences across all groups are indicated on Figure 3. Across all subdomains, the ADHD-H group 
was consistently at the level of the TD 9-11 group (p>.05 for all subdomains). They also showed no 
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difference to the TD 7-8 group for Fine Motor Precision, Upper Limb Coordination, Manual 
Dexterity and Strength (p>.05 for all; although note that when the participants with comorbid 
diagnoses were excluded [N=6 ADHD-H excluded], the ADHD-H group were stronger than the TD 
7-8 for Manual Dexterity), and no different from any TD group for Fine motor Integration, Bilateral 
Coordination, Balance and Running Speed and Agility.   

In contrast to the ADHD-H group, the ADHD-L group showed an uneven pattern of performance. 
They performed below the level of the ADHD-H group on all subdomains (p<.05) with the exception 
of Fine Motor Integration, Balance and Manual Dexterity (p>.05). Running Speed and Agility was 
the poorest subdomain for the ADHD-L group (below the level of all TD groups; p<.05 for all; 
although when the participants with a comorbid diagnosis were excluded [N=5 ADHD-L excluded], 
the ADHD-L group did not differ from the TD 4-6 group for this subdomain), followed by Fine 
Motor Integration, Bilateral Coordination and Strength (all were at the level of the TD 4-6 group 
only; p>.05; although when the participants with a comorbid diagnosis were excluded [N=5 ADHD-
L excluded], the ADHD-L group did not differ from any other group for Fine Motor Integration), 
then Fine Motor Precision (at the level of the TD 4-6 and TD 7-8 group only; p>.05 for both) and 
Upper Limb Coordination (at the level of the TD 7-8 group only; p>.05; although when the 
participants with a comorbid diagnosis were excluded, the ADHD-L were only marginally poorer 
than the ADHD-H group, p=.09). Performance of the ADHD-L group on the Manual Dexterity 
subdomain was at the level of the TD 7-8 group and also no different from the ADHD-H group 
(p>.05 for both), despite being below the level of the TD 9-11 group; p<.05 (although the difference 
between the ADHD-L group and the TD 9-11 group was not apparent when the participants with a 
comorbid diagnosis were excluded). Finally, for Balance, the ADHD-L group did not differ from any 
of the TD groups or the ADHD-H group (p>.05 for all). Plots for each subdomain are shown in 
Figure 3.  
  Figure 3 about here 

Motor Milestones. Motor milestone data were collected from the ADHD group only. Due to the 
retrospective nature of this questionnaire, if parents were unsure, cells were left blank, which lead to 
missing data. The mean age of milestone achievement is presented in Table 7, along with the N for 
each milestone. Six of the milestones can be compared to World Health Organisation (WHO) 
guidelines for child motor milestone achievement (WHO Multicentre Growth Reference Study 
Group & de Onis, 2006). For these milestones, we calculated percentiles for each group (higher 
percentiles represent later achievement of a milestone). Table 7 includes TD data from Sumner et al. 
(2016); this data were used for statistical comparison. Three ANOVAs were carried out on the month 
of achievement of the three milestones that were used in the correlational analyses above (sitting 
without support, hands and knees crawling, walking without support), each with Group (TD, ADHD-
L, ADHD-H) as the between-participant factor (Bonferroni correct alpha: p≤ .017). This showed no 
effect of Group for any of the milestones (sitting without support: F<1; hands and knees crawling: 
F(2, 58)=2.12, p=.13, ηp2 =.071; walking without support: F(2, 66)=3.90, p=.025, ηp2 =.11). On 
account of the marginal p-value for walking without support, Tukey paired comparisons were 
conducted. This demonstrated later walking in the ADHD-L group than the ADHD-H group (p<.05), 
but that neither ADHD group differed from the TD group (p>.05 for both). 

We were also interested in the predictive value of the age of motor milestone achievement on 
current motor ability. Correlational analyses were carried out between each motor milestone and total 
BOT2-SF score, for each group (TD, ADHD-L, ADHD-H). This constituted 12 correlations per 
group (bonferroni corrected critical alpha: p≤.0042) and revealed no significant associations 
(p>.0042 for all; range: p=.017 to p=.94). 

Table 7 about here 
Finger-Thumb Tapping. Five TD participants did not complete this task. ANOVA with a 

between-participant factor of Group (TD4-6. TD7-8, TD9-11, ADHD-L, ADHD-H) was carried out 
on finger-thumb IES score. The effect of Group was significant, F(4,107) = 3.38, p < .012, ηp2 = .11, 
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as shown in Figure 4. Tukey comparisons revealed that the ADHD-H group and the TD 9-11 group 
had lower IES scores than the TD 4-6 group (p <.05; all other comparisons: p>.05), whilst the 
ADHD-L group did not differ from any of the other groups (p>.05 for all; although when the 
participants with a comorbid diagnosis were excluded, the ADHD-L group had lower IES scores 
than the TD 4-6 group; p=.046).  

Postural Sway. Fourteen TD datasets and one ADHD-H dataset were missing due to technical 
failure, whilst three TD participants did not complete the task. The final N for each group were as 
follows: TD4-6, N=15; TD7-8, N=15; TD 9-11, N=27; ADHD-L, N=20; ADHD-H, N=22. ANOVA 
on the path length (in cm) of the centre of pressure (CoP) was carried out, with a within-participant 
factor of condition (eyes open, eyes closed) and a between-participant factor of Group (TD4-6, TD7-
8, TD 9-11, ADHD-L, ADHD-H) was conducted. There was a main effect of Condition, F(1, 
94)=63.75, p<.001, ηp2 = .40 due to lower postural sway (shorter CoP path length) in the eyes open 
condition than the eyes closed condition. There was also a main effect of Group, F(4, 94)=3.09, 
p=.02, ηp2 = .12. Tukey comparisons revealed that this was due to higher postural sway in the TD 4-6 
year olds, than the TD 9-11 year olds (p=.03) only (all other comparisons, p>.05). There was no 
Group by Condition interaction, F(4, 94)=1.53, p=.20, ηp2 = .06 (Figure 5). 

Figures 4 and 5 about here 
 

Discussion 
The current study had two aims. First, to investigate whether the presence of a motor deficit in 

ADHD is part of the ADHD phenotype or an additional impairment. Second, to determine the motor 
profile of children with ADHD with reference to: standardised motor tasks and tasks that have been 
related to cerebellum activation; and how this is related to the achievement of motor milestones in 
early life. Our data demonstrated that twenty (47%) out of forty-three children with ADHD had a 
severe motor impairment when measured using the BOT2-SF (Bruininks & Bruininks, 2005). This is 
in line with other studies (e.g., Pitcher et al., 2003). In addition, we determined that variation in 
motor ability as measured by both standardised tasks (BOT2-SF) and cerebellar related tasks 
(postural sway and finger-thumb task performance) was not related to variation in parent-report of 
ADHD symptoms (whilst we note limitations of parent-report, this is somewhat countered by the 
high levels reliability of the questionnaire measures employed). However, motor performance on the 
BOT2-SF fine motor measure, but not BOT2-SF Gross motor, postural sway or finger-thumb task 
performance, was related to a behavioural measure of inhibition and response time variability. That 
is, those with ADHD who made more errors (weaker inhibition) and had more variable response 
times for their correct responses on the Go/No Go task, had lower motor scores on the BOT2-SF fine 
motor composite.  

The relationship between fine motor ability and inhibition merits consideration of Executive 
Function (EF) (which includes inhibition; Miyake et al., 2000). EFs are impaired across many 
neurodevelopmental disorders such as ADHD, ASD and Tourette’s syndrome (Johnson, 2012). 
Johnson (2012) suggests that those with neurodevelopmental disorders who have stronger EF are 
more able to compensate for atypical functioning in other domains. The hypothesis that EF is acting 
as a protective factor, however, is not supported by our data on account of the lack of correlations 
between inhibition and the remaining motor measures. On a similar vein, the relatively high fine 
motor output demands of the Go/No Go task could be put forward to explain the relationship 
between RT variability (thought to measure motor output difficulties among other mechanisms; 
Karalunas et al., 2014) and fine motor performance on the BOT2-SF, but as above, the association 
does not extend to other motor tasks in our battery and so this explanation cannot be supported. 
Taken together, whilst our data suggest some relationship between ADHD characteristics and motor 
deficits, the relationship is not clear cut, and data from the majority of our measures suggest that a 
motor impairment is not part of the ADHD phenotype and that the presence of a clinical motor 
impairment is not indicative of ADHD severity.  
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The typical achievement of motor milestones in both ADHD-L and ADHD-H groups provides 
further evidence to suggest that the motor impairment is not inherent to ADHD. Furthermore, this 
suggests that the motor deficit present in a subset of individuals with ADHD is not the result of a 
primary motor deficit from infancy. Whilst we do not have information on more fine-grained motor 
variables, such as motor quality in infancy in our ADHD sample, our findings suggest that the motor 
deficit observed in some children with ADHD becomes apparent over time and thus we hypothesise 
that this represents a cascading effect of initially more subtle impairments. Gurevitz et al. (2014) 
studied retrospective records of children who later obtained a diagnosis of ADHD. In line with the 
current study, most of the ADHD group achieved motor milestones within the typical range, 
although in contrast to our findings, motor development at 9 months was delayed relative to a control 
group and predicted subsequent diagnosis of ADHD. Furthermore, Jaspers et al. (2013) report that 
good gross motor ability (a high score as assessed via the Van Wiechen Scheme; Jacobusse et al. 
2006) in infancy is a risk factor for ADHD symptoms. Thus, it appears that motor milestones in 
children with ADHD emerge within a (wide) typical timeframe (also see Athanasiadou et al., 2019 
for a review).  

Friedman et al. (2005) demonstrated that the relationship between attention and motor activity 
when looking at an object at 1-3 months is related to parent-reported attention problems at 8 years 
(also see Johnson et al., 2015). Similarly, D’Souza et al. (2017) reported an association between 
motor specialisation and selective attention in 9- and 12-month-old infants. These studies 
demonstrate an early relationship between attention and motor domains. Thus, it is feasible that the 
motor deficit observed in some children with ADHD develops over time, as a product of an atypical 
early relationship between the attention and motor domains (Friedman et al., 2005). Equally, it is 
possible that the children with ADHD who do not present a motor deficit might be more resilient to 
overcoming these early atypicalities or that protective factors (genetic, environmental) serve to 
prevent or attenuate the downstream impacts of subtle early attention or motor deficits in these 
children. These hypotheses could be assessed by investigating the early developmental associations 
between attention and motor domains in children who later receive a diagnosis of ADHD.  

The finding of typical motor milestone achievement in ADHD is additionally interesting, as it 
suggests that the motor impairment detected in a subset of children with ADHD is not DCD (for 
whom delayed motor milestone achievement would be predicted). This is supported by Langevin et 
al. (2015) who demonstrated that the cortical thinning observed in children with ADHD and DCD 
was not simply an additive effect of that observed in children with ADHD or children with DCD, 
thus demonstrating that those with co-occurring ADHD and DCD are unique, relative to their single 
disorder counterparts, thus lending some support to a separate DAMP disorder group (see Sonuga-
Barke, 2003). Typical motor milestone achievement in ADHD has strong implications for 
intervention with respect to the motor deficit in ADHD. Intervention with children at risk of ADHD 
could be designed to prevent or attenuate the development of a motor deficit.  

For motor profile analyses we made an a priori decision to split our ADHD group into those with 
a motor deficit and those without a motor deficit. Consistent with Fliers et al. (2008), these groups 
did not differ significantly on the questionnaire measures of ADHD characteristics, thus further 
supporting the conclusion above that the motor deficit is not inherent to ADHD or a marker of 
ADHD severity. We were then able to document the profile of motor abilities of the two groups. The 
ADHD-H group scored as average or above average for their age for their overall motor 
performance. Across the eight subdomains, they consistently performed at the level of the 9-11 TD 
group (who were a cognitive ability match to both ADHD groups), thus demonstrating a typical 
profile of motor performance. In contrast, the ADHD-L group performed in the below average and 
well below average range for overall motor ability for their age and presented with an uneven profile 
of impairment across the BOT2-SF subdomains. A particular weakness was observed for Running 
Speed and Agility, which was below the level of all three of the TD groups, followed by the 
subdomains of Bilateral Coordination and Strength, which were both only at the level of TD 4- to 6-
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year-olds. Fine motor precision and Upper Limb Coordination were slightly stronger, at the level of 
TD 7- to 8-year-olds, whilst Fine motor integration, Manual Dexterity and Balance did not differ 
from the ADHD-H group. For the two tasks that are reported to activate the cerebellum, the ADHD-
L and ADHD-H group did not differentiate from one another, and did not show impaired 
performance, thus representing a relative strength within the ADHD-L motor profile.  

The majority of the tasks for the weakest subdomains of the ADHD-L group involved high 
physical effort (e.g. hopping, jumping, push-ups). Differences in motor familiarity have also been 
shown to relate to variation in brain activation (Plata Bello et al., 2015). We ruled out both variation 
in motor familiarity and / or poor physical fitness (as a result of low motivation to be physically 
active) as an explanation for the motor profile; these explanations cannot account for the whole 
motor profile, neither do they offer a syndrome-specific explanation for the motor profile observed. 

As noted in the introduction, the few previous studies that have documented the motor profile in 
ADHD, do not report consistent findings. Previous studies are also hard to interpret as we do not 
know how many of their sample had a general motor impairment; our findings suggest that the 
inclusion of children without a general motor impairment dilutes the profiles reported in previous 
studies. Manual dexterity has been reported as a specific deficit by Pitcher et al. (2003) and 
Brossard-Racine et al. (2012), but not by Tseng et al. (2004) or Cak et al. (2018). Our manual 
dexterity data align with Tseng et al. (2004) and Cak et al. (2018) who also used the BOT, and thus 
suggest that differences across studies might be task related. Tseng et al. (2004) and Cak et al. (2018) 
report deficits in balance, whilst Pitcher et al. (2003) and Brossard-Rancine et al. (2012) did not 
detect any specific impairments in balance in ADHD; our data show that balance was not impaired 
on the subtest of the BOT2-SF or on our postural sway task. Observation of Figure 3 suggests that 
any group differences in the Balance subdomain of the BOT2-SF might be masked by the high 
proportion of ceiling scores across groups for this subdomain. This is surprising because the BOT2 is 
purported to be suitable up to the level of a 21-year-old. The postural sway task is arguably a more 
sensitive measure of balance. The four previous studies that have employed measures of postural 
sway, in contrast to our findings, consistently report deficits in performance in children and adults 
with ADHD (Bucci et al., 2014; 2017; Hove et al., 2015; Shorer et al., 2012). The differentiation 
between eyes open and eyes closed conditions in our task demonstrate that the task is sensitive. 
However, technical failure accounted for a lot of missing data in our sample and so we cannot rule 
out a lack of power as an explanation for out null finding with respect to group.   
Limitations and Future Research 

Our study is limited by the sample size of our ADHD group, which restricts the power of 
analyses, particularly the associational analyses. This is also a consideration on the few occasions 
when the results differ when the participants with co-morbid diagnoses are excluded; one cannot 
determine whether these differences are due to reduced power or sample characteristics. Observation 
of Figure 3 also demonstrates the large intra-group variability for many of the motor measures of the 
BOT2-SF. Even within the ADHD-L group, for most subdomains the scores range from the ceiling 
score for the subdomain to below even the youngest TD children. This also highlights intra-
participant variability. These participants met the criteria of falling below the 16th percentile overall, 
thus their high scores on one subdomain are necessarily countered by low scores in other 
subdomains. This emphasises the uneven profile, but also highlights that whilst we (and others) 
report a group level ADHD motor profile, this profile is subject to wide intra-group variability, and 
that the differences across studies might be explained by the large heterogeneity in the (small) 
samples. A larger sample would give more confidence in the ADHD motor profile at the group level.  

Our data are also cross-sectional. Whilst this is an ideal design for determining the ADHD motor 
profile for the age-range employed, the use of cross-sectional data alone to determine the association 
with ADHD core characteristics is a limitation. The inclusion of motor milestone data provides some 
developmental insight, but to-date there are no longitudinal developmental studies that have 
addressed this question. Familial data is also pertinent to this question; as discussed, Fliers et al. 
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(2008) used familial data to also conclude that a motor impairment is not part of the ADHD 
phenotype. Future studies could include longitudinal data and familial data in the same study.  

Our data suggest that the motor deficit observed in a large proportion of children with ADHD is 
not part of the ADHD phenotype. This is based on the lack of significant correlations between the 
parent-report questionnaires of ADHD phenotypic characteristics, and empirical measures of motor 
performance and no difference in ADHD symptom scores between the ADHD-H and ADHD-L 
group. Of strong interest to future research is the typical achievement of motor milestones in the 
ADHD-L group. Whilst this was evaluated using retrospective parent-report, comparison with 
Sumner et al. (2016) – who used the same measure with children with DCD – adds validity to the 
approach. We hypothesise that the motor deficit observed in some children with ADHD is a result of 
subtle impairments (perhaps in the attention or motor domain) in infancy, which impact motor 
development. Future research is required to address this hypothesis.  
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Figure captions 
Figure 1: Go/No Go Commission errors reported by group. Means, SE bars and individual data 

points are plotted. Identical scores are jittered. 
Figure 2: Go/No Go Response Time variability reported by group. Means, SE bars and individual 

data points are plotted. Identical scores are jittered. 
Figure 3: BOT2-SF subdomain raw scores reported by group. Means, SE bars and individual data 

points are plotted. Identical scores are jittered. 
Figure 4: Finger-Thumb Inverse Efficiency Scores reported by group. Means, SE bars and individual 

data points are plotted. Identical scores are jittered. 
Figure 5: Cumming estimation plot of Postural Sway Centre of Pressure (CoP) path length (in cm). 

The raw data are plotted on the upper axes; each paired set of observations, reported by group is 
connected by a line. On the lower axes, each paired mean difference is plotted as a bootstrap 
sampling distribution. Mean differences are depicted as dots; 95% confidence intervals are 
indicated by the ends of the vertical error bars. O=Eyes Open. C= Eyes Closed. 
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Table 1 

TD and ADHD participant information and standardised assessment scores 

 TD 4-6 (N=23) TD 7-8 (N=21) TD 9-11 (N=30) ADHD (N=43) 

 M (SD) Range M (SD) Range M (SD) Range M (SD) Range 

Age in years 5.94 
(0.76) 

4.33-
6.96 

8.17 
(0.58) 

7.09-
8.94 

10.08 
(0.72) 

9.09-
11.46 

11.40 
(1.89) 

8.01-
15.63 

Gender (m/f) 13/10  11/10  14/16  35/8  

BPVS-III 
standard score 

106.00 
(11.70) 85-127 105.76 

(14.67) 74-128 100.07 
(11.22) 70-121 98.30 

(11.91) 
80 - 
123 

BAS-III T-
score 

43.61 
(9.099) 29-59 47.81 

(10.18) 21-73 54.00 
(13.67) 33-79 45.07 

(12.88) 20 – 74 

BOT2-SF 
standard score 

58.70 
(6.31) 48-69 58.19 

(8.17) 46-70 56.13 
(7.66) 41-69 43.02 

(8.25) 28 – 65 

BOT2-SF raw 
score 

55.17 
(9.24) 35-70 70.38 

(70.00) 60-80 74.33 
(5.28) 62-82 62.42 

(10.11) 38 – 80 

Note. BPVS-III = British Picture Vocabulary Scale, Third Edition (M = 100, SD = 15), BAS- III = 
British Ability Scale, third Edition, Non-Verbal subscale (M = 50, SD = 10), BOT2-SF = Bruininks-
Oseretsky Test of Motor Proficiency Second Edition - Short Form, Standard total motor score (M = 
50, SD = 10). 
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Table 2 
TD sample from Sumner et al. (2016) 
 TD (N=34) 

M (SD) Range 

Age 9.08 (0.94) 7.70 – 10.74 

Gender (m/f) 25/9  

BOT2-SF Standard score 56.18 (7.25) 43 -80 
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Table 3 
Parental Questionnaire scores: ADHD group 
 M (SD) Range Subtype 

CPRS-R:L ADHD Index  
(N = 43) 77.81 (7.86) 61 – 90 

Inattentive: N=10 
Hyperactive-Impulsive: N=5 
Combined: N=13 
Meets neither subtype criteria: N=15 

SDQ Hyperactivity (N=42) 8.69 (1.44) 3 – 10 NA 

CBCL Attention 
Deficit/Hyperactivity (N=39) 74.92 (11.31) 57 – 

100 NA 

Note: CPRS-R:L = Conners Parent Rating Scale-Revised Long version, SDQ = Strengths and 
Difficulties Questionnaire, CBCL = Child Behaviour Checklist. Note that the response items used to 
determine CPRS-R:L subtype only partially overlap with those which comprise the ADHD Index 
score. As such, it is possible to score in the clinical range for the ADHD Index, but not meet criteria 
for either subtype. 
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Table 4 
Associations between ADHD core characteristics and BOT2-SF scores for the ADHD group (partial 
correlations controlling for chronological age) 
 CPRS-R:L 

ADHD Index 
SDQ 

Hyperactivity Go/No Go Errors RT variability 

BOT2-SF Gross r =-.19, p =.24,  
df =40 

r =.26, p =.10,  
df =39 

r =-.46, p =.002, 
df =40 

r =-.32, p =.04,  
df =40 

BOT2-SF Fine r =-.07, p =.68,  
df =40 

r =.05, p =.75,  
df =39 

r =-.49, p =.001*, 
df =40 

r =-.57, p <. 001*+, 
df =40 

Finger-thumb 
IES 

r =-.03, p =.87,  
df =40 

r =.11, p =.49,  
df =39 

r =.002, p =.99,  
df =40 

r =.31, p =.04,  
df =40 

Postural sway 
CoP path length 
(eyes open) 

r =.07, p =.65,  
df =39 

r =-.07, p =.66,  
df =38 

r =.33, p =.04,  
df =39 

r =-.06, p =.69,  
df =39 

Postural sway 
CoP path length 
(eyes closed) 

r =.14, p =.39,  
df =39 

r =.13, p =.44,  
df =38 

r =.24, p =.14,  
df =39 

r =.06, p =.70,  
df =39 

*denotes significance at a familywise alpha of 0.05 (p ≤.00156); +Note that this becomes p =.006 
(non-significant) when the participants with comorbid diagnoses are excluded. 
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Table 5 
Associations between ADHD core characteristics and motor milestone month of acquisition for the 
ADHD group 

 CPRS-R:L 
ADHD Index 

SDQ 
Hyperactivity Go/No Go Errors RT variability 

Unsupported 
sitting 

r =-.51, p =.01, 
N=30 

r =.05, p =.81, 
N=29 

r =-.03, p =.88, 
N=30 

r =.21, p =.27, 
N=30 

Crawling r =-.26, p =.19, 
N=28 

r =.19, p =.34, 
N=27 

r =.24, p =.23, 
N=28 

r =.38, p =.05, 
N=28 

Unsupported 
walking 

r =.02, p =.90, 
N=36 

r =.07, p =.70, 
N=35 

r =.39, p =.02, 
N=36 

r =.45, p =.01, 
N=36 

*denotes significance at a familywise alpha of 0.05 (p ≤.00179) 
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Table 6 
Participant characteristics: ADHD-L and ADHD-H subgroups 
 ADHD-L (N=20) ADHD-H (N=23) Group 

comparison M (SD) Range M (SD) Range 

Age 11.74 (2.25) 8.01 – 15.63 11.12 (1.51) 8.45-13.50 p =.28 

Gender (m/f) 17/3  18/5   

BPVS-III standard 
score 97.55 (13.04) 80-119 98.96(11.09) 82-123 p =.70 

BAS-III T-score 43.45(15.01) 20-74 46.48 (10.84) 29-71 p =.45 

CPRS-R:L ADHD 
Index 79.10 (6.21) 67 - 90 76.70 (8.84) 61 – 90 p =.32 

CPRS-R:L Subtype 

Inattentive: N=4 
Hyperactive-Impulsive: N=3 
Combined: N=7 
Meets neither subtype 
criteria: N=6 

Inattentive: N=6 
Hyperactive-Impulsive: N=2 
Combined: N=6 
Meets neither subtype 
criteria: N=9 

p =.78 

SDQ Hyperactivity 8.45 (1.82) 3 - 10 8.91 (0.97), 
(N=22) 7 – 10 p =.31 

CBCL Attention 73.10 (9.02) 57-95 76.84 (13.28) 
(N=19) 57 - 100 p =.31 

BOT2-SF Standard 
score 36.30 (3.59) 28-40 48.87 (6.48) 41-65 p <.001 

BOT-SF Raw scores 58.85(10.32) 38-72 71.35(5.21) 59-80 p <.001 

Note: The response items used to determine CPRS-R:L subtype only partially overlap with those 
which comprise the ADHD Index score. As such, it is possible to score in the clinical range for the 
ADHD Index, but not meet criteria for either subtype. 
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Table 7 
Motor milestone month of achievement 

Note: WHO = World Health Organisation. WHO Average Milestones data from the Who Multicentre Growth Reference Study, Group & de 
Onis (2006). Percentiles data are derived from WHO norms.

 

WHO 
Age in months at which 

Milestone achieved 
TD group (from Sumner et al, (2016) ADHD-L ADHD-H 

M (SD) Range N M (SD) 
Perc
entil

e 
Range N M (SD) 

Perc
entil

e 
Range N M (SD) 

Perc
entil

e 
Range 

Lift head   27 2.06 (1.30)  0.2 - 5 13 1.62 (1.67)  0 - 6 16 2.12 (1.48)  0 - 6 

Turn back to belly   27 4.29 (1.74)  0.8 - 9 13 4.42 (1.61)  2.5 - 8 15 4.60 (1.96)  1 - 8 

Sit without support 6 (1.1) 3.8 - 9.2 30 5.65 (1.58) 50th 2 - 9.5 14 6.07 (1.21) 50th 4 - 9 16 6.13 (1.90) 50th 3 -10 

Crawl  hands and knee 8.5 (1.7) 5.2 - 11.4 30 7.85 (1.99) 25th 5- 12 15 9.17 (2.17) 75th 5.5 - 13 13 7.96 (2.26) 50th 3 -12 

Stand with assistance 7.6 (1.4) 4.8 - 11.4 29 8.60 (1.75) 75th 4 - 11 15 8.97 (3.79) 90th 3 - 18 16 9.03 (1.35) 90th 7 - 12 

Stand without support 11.0 (1.9) 6.9 - 16.9 32 10.73 (1.28) 50th 7- 14 16 11.66 (2.73) 75th 8 - 19 17 10.65 (1.90) 50th 7 - 16 

Walk with assistance 9.2 (1.5) 6 - 13.7 32 11.17 (2.06) 90th 6 - 16 16 11.53 (3.14) 95th 6 - 19 17 11.06 (1.52) 90th 9 - 14 

Walk without support 12.1 (1.8) 8.2 - 17.6 33 13.03 (1.91) 75th 9.5 - 18 17 14.27 (3.28) 90th 10 - 24 19 12.11 (1.76) 50th 9 - 16 

Climb stairs   31 12.76 (4.22)  6 - 24 11 13.36 (4.78)  9 - 24 15 12.83 (4.08)  7 - 19 
Walk up/down stairs 
without support   30 20.77 (9.55)  10 - 60 15 24.00 (10.82)  10 - 48 13 17.85 (5.01)  12 - 24 

Ride a bike with 
stabilisers   32 33.56 (10.74)  18 - 60 17 41.82 (21.98)  10 - 

108 15 36.87 
(20.70)  14 - 96 

Ride a bike without 
stabilisers   30 57.23 (14.49)  30 - 96 16 59.88 (24.86)  14 - 

108 18 61.67 
(25.50)  24 - 120 
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