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Aims of this study were to investigate fine motor skills of children with both Attention-Deficit-

Hyperactivity Disorder (ADHD) and Developmental Coordination Disorder (DCD) and of a 

control group, and to examine the effects of methylphenidate on these skills. A group of 12 

children with DCD-ADHD (11 males, 1 female; mean age 9.8, SD 1.7) and 12 age- and sex-

matched controls (mean age 9.7, SD 1.2) participated. The manual dexterity subtests of the 

Movement Assessment Battery for Children (MABC), the concise assessment method for 

children's handwriting (BHK), and a computerised graphomotor task were used. Results 

demonstrated that children with DCD-ADHD performed poorer on the manual dexterity 

subtests, had poorer quality of handwriting, and drew faster, more fluently, but less 

accurately than controls on the graphomotor task. On methylphenidate manual dexterity and 

quality of handwriting improved, and strokes on the graph motor task became less fluent but 

more accurate. 
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Attention-deficit-hyperactivity disorder (ADHD) is characterised by persistent 

symptoms of inattention, impulsivity, and hyperactivity, affecting 3 to 5% of school-age 

children (American Psychiatric Association 1994). Up to 50% of children with ADHD also 

have motor coordination problems, severe enough to meet criteria for Developmental 

Coordination Disorder (DCD; Kadesjö and Gillberg 1998). In DCD, children demonstrate 

functional motor performance deficits not explained by the child’s (chronological) age or 

intellect, or by other neurological or psychiatric disorders (APA 1994).  

Several studies about children with ADHD as a single diagnosis (Whitmont and Clark 1996, 

Piek et al. 1999, Tucha and Lange 2001, Tseng et al. 2004, Schoemaker et al. in press) 

suggest an association of ADHD with poor fine motor skills and impaired handwriting. In 

children with both ADHD and DCD (DCD-ADHD), studies on fine motor function are scarce. 

Pitcher et al. (2003) showed poorer fine motor performance in children with DCD-ADHD than 

in children with ADHD. Christiansen (2000) showed poor manual dexterity in children with 

‘deficits in attention, motor control, and perception’ (DAMP), a term used in Scandinavia for 

children with DCD-ADHD (Kadesjö and Gillberg 1998).  

The first aim of the current study was to investigate the fine motor skills of children with DCD-

ADHD across a range of fine motor tasks. Motor tests are often limited to an evaluation of the 

output of the motor act. However, this does not allow us to get insight into the movement 

production of the children in achieving their optimal performance. For that reason, a 

graphomotor task (the flower trail of the Movement Assessment Battery for Children) 

performed on a digitiser was added to the assessment of fine motor skills. The application of 

electronic digitisers might provide more insight into the kinematic aspects of a graphomotor 

skill, such as the velocity of strokes, fluency, and the axial pen pressure exerted on the 

writing surface. The use of a digitiser as a means to investigate kinematic aspects of 

handwriting or drawing has been applied in studies concerning children with ADHD as a 

single diagnosis. Tucha and Lange (2001) reported no differences in handwriting velocity and 

fluency between children with ADHD and a control group, whereas slower, but more fluent 

handwriting movements, were reported by Schoemaker et al. (in press) in children with 

ADHD, compared to a control group. In children with DCD-ADHD, the movement production 

of graphomotor skills has not been studied and the current study aims to fill this gap. 

The second aim of this study was to investigate the effect of methylphenidate on the fine 

motor performance in children with DCD-ADHD. In ADHD, methylphenidate is the most 

commonly prescribed stimulant drug (Swanson et al. 1998), and has demonstrated positive 

effects on inattention, hyperactivity and (fine) motor skills. In children with ADHD, qualitative 

aspects of handwriting as legibility and accuracy markedly improved after methylphenidate 

(Lerer et al. 1977, Tucha and Lange 2001). In contrast, kinematic aspects of handwriting 
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movements, i.e. fluency, deteriorated in boys with ADHD while on medication (Tucha and 

Lange 2001). The question is whether methylphenidate has the same effects in children with 

both ADHD and DCD. Therefore, the effectiveness of methylphenidate on fine motor skills in 

children with DCD-ADHD will be evaluated in this study.  

 

Method 

 

PARTICIPANTS 

Twelve children with DCD-ADHD (11 males, 1 female; mean age 9 years 8 months, SD 1 

year 7 months) participated in the present study. They were selected from a population of 

children referred by their physician between 2000 and 2003 to the Department of Child 

Rehabilitation of the Centre for Rehabilitation in the city of Haren, The Netherlands. 

Perceptual-motor problems were suspected in 80 children. Selection for the present study 

was made among those who could be diagnosed as having both DCD and ADHD according 

to the DSM-IV criteria (APA 1994). Seventy children had a performance score below the 15th 

centile on the Movement Assessment Battery for Children (MABC; Henderson and Sugden 

1992). Ten children had Pervasive Developmental Disorder and were excluded from this 

study. 

ADHD was diagnosed in 36 children of the remaining 60 children with DCD. The diagnosis 

ADHD was confirmed with a paediatric or psychiatric exam and a parental and teacher 

ADHD-symptom-checklist. To be classified as ADHD, a child had to have at least six out of 

nine symptoms of inattention or hyperactivity/impulsivity at home, and at least four out of nine 

symptoms of inattention or hyperactivity/impulsivity and impairment at school. ADHD-

symptoms were present before the age of 7 years. No child showed evidence of a learning 

disorder, neurological or psychiatric disorder, as confirmed by a paediatric or psychiatric 

assessment, and age, medication, or low intelligence (IQ<70, WISC-Revised, Dutch version; 

Van Haasen 1986) could not explain the symptoms.  

The 36 children with DCD-ADHD were asked to enrol in a double blind, placebo-controlled 

trial (DBPC-trial) to assess the effects of methylphenidate with weekly switches at three 

dosage levels (0.5mg/kg, 0.75.mg/kg, and 1 mg/kg per day) or placebo during four weeks. 

Parents, teachers, children and the paediatrician were kept blind to the child’s drug condition 

and dosage level. Weekly, parents and teachers completed the ADHD-symptom-checklist 

that lists 18 items reflective of DSM-IV criteria for ADHD, to determine changes in ADHD 

symptoms from baseline (before medication). When scores improved more than 25% on 

medication, the child was considered to be methylphenidate-sensitive. Twenty-eight children 
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appeared to be sensitive to methylphenidate. Of these children, 17 children were willing to 

enrol in this study. Twelve were recently diagnosed cases, i.e., they had used 

methylphenidate for a mean time of three months. Five that had used methylphenidate for 

over a year were excluded from the analysis. ADHD-subtypes included the following: 

combined type (n = 4); inattentive (n = 6); and hyperactive/impulsive (n = 2). The mean 

optimal dose per day was 21.25 mg (0.69 mg/kg), given divided over two doses (08.00 and 

12.00 hours). Without medication, the mean item score (range 1- 4) on the ADHD symptom 

checklist completed by the parents was 1.9 (SD 0.6) and by the teachers it was 1.7 (SD 0.7). 

After methylphenidate use, the parental and teachers scores were significantly lower (p < 

.01). The parental score was 1.65 (SD 0.5) and the teacher score was 1.0 (SD 0.4).  

A control group of 12 children from two mainstream schools was matched for sex and age 

(within 6 months of age). Mean age was 9 years 7 months (SD = 1 year 2 months). The 

criteria for inclusion were absence of neurological symptoms, no history of behavioural 

problems and no signs of movement difficulties or handwriting problems according to their 

teachers. Only children who attended age-appropriate classes at mainstream schools were 

included, which implies an IQ-score in the normal range. 

Parents or guardians gave written informed consent. The procedures were in accordance 

with the ethical standards of the Faculty of Medical Sciences, University of Groningen. 

 

MEASURES 

Movement Assessment Battery for Children  

The MABC (Henderson and Sugden 1992) consists of eight items measuring different 

aspects of motor ability; three for manual dexterity, two for ball skills and three for static and 

dynamic balance. In the present study, the MABC-total score was used as one of the means 

to diagnose DCD, and the manual dexterity items were used as a measure of fine motor 

skills. Higher scores reflect poorer performance. The scores can be translated to percentile 

scores that show the child’s level of performance in comparison with the child’s peers (in the 

age group of this study a manual dexterity score above 6.5 corresponds to the 5th centile, 

indicating definite fine motor problem). The overall reliability of the MABC is acceptable 

(Henderson and Sugden 1992).  

 

The concise assessment method for children’s handwriting  

The concise assessment method for children’s handwriting, or BHK, is a measure of quality 

and speed of handwriting in a standard text written in 5 minutes on unruled paper (Hamstra-
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Bletz et al. 1987). Handwriting quality is rated according to 13 dysgraphic features, i.e. 

deviations from the standard handwriting model. The first two items evaluate the entire 

written work on an ordinal scale of six categories, resulting in a score from 0 to 5. For the 

remaining 11 items, the first five sentences are scored as to whether or not a particular 

feature is present in that sentence. A score of 0 is given if the feature is absent. The 

maximum score for a feature is 5. A total score on all 13 items is calculated. Scores of 0 to 

20 are normal, while scores of 21 to 28 indicate poor handwriting and scores above 29 are 

interpreted as dysgraphic. 

Copying speed is determined by counting the number of letters written by the child in 5 

minutes. This score can be translated to a decile score scaled to the norm for the child’s 

grade. Hamstra-Bletz (1993) reported satisfactory results regarding inter-rater reliability on 

the items (r = 0.71–0.89). 

 

Flower trail drawing item of MABC 

The flower trail is a manual dexterity item of the MABC. The flower trail item for 7- and 8-

year-old children was used for analysis of kinematic aspects of handwriting. The children 

were instructed to draw a line between two solid lines of the flower trail as accurately as 

possible without lifting the pen. There was no speed instruction. Each child had to complete 9 

flower trails. For the registration of the movements, a digitising tablet with a wireless inking 

pen was used. The position of the pen on the tablet (x and y coordinates), and the force 

exerted along the axis of the pen, was recorded with a sampling frequency of 170 Hz. Data 

processing was performed using OASIS software (De Jong et al. 1996).  

For each dependent variable, the median and range of 9 repeated flowers were taken for 

further analysis. The following kinematic variables were used as dependent variables: 

Movement time in seconds: total time in seconds taken to complete the flower; Dysfluency: 

the number of zero-crossings within the acceleration signal; Velocity in cm/seconds: average 

of absolute velocity of the pen tip; Pen Pressure in milliNewtons: average pressure of the pen 

perpendicular to the digitizer in milliNewtons. Accuracy: number of times that the line, made 

by the pen tip, crossed the border of the flower trail. 

 

PROCEDURE 

Two individual testing sessions took place at the Centre for Rehabilitation for the children 

with DCD-ADHD, and at school for the children in the control group. Testing sessions took 

between 25 and 45 minutes depending on the age and performance level of the individual 
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child. The manual dexterity subtests of the MABC were administered first, followed by the 

BHK and subsequently by the computerized drawing task. 

The children with DCD-ADHD were tested without methylphenidate and after 4 to 5 weeks on 

methylphenidate. The examiner was kept blind to the children’s treatment condition (off vs. 

on methylphenidate). No other interventions were offered during the study period. Motor 

performance in the control group was tested twice, within an interval of 4 to 5 weeks. 

 

DATA ANALYSIS 

All statistics were calculated with SPSS (version 10.0) and statistical significance was set at 

p< .05 for all analyses. Comparisons between the children with DCD-ADHD and the control 

group were made using the Mann-Whitney-U-Test. The effects of methylphenidate in 

children with DCD-ADHD were analysed with the Wilcoxon-Signed-Rank Test comparing the 

performance off and on methylphenidate. This test was also used to examine whether or not 

the performance of the control group was different on both test sessions. Non-parametric 

tests were chosen because parametric tests require normally distributed data.  

 

Results 

Comparison DCD-ADHD children with control children 

The children with DCD-ADHD performed worse (p = 0.001) on manual dexterity than the 

control children (Table I).  

  Table I 

 DCD-ADHD  

Median          Range 

Control group  

Median          Range  

 

Z 

 

p 

Manual Dexterity 9.8 5.0-15.0 3.5 1.0-8.0 -3.38 .001* 

Handwriting quality 41.0 20.0-50.0 22.0 14.0-29.0 -3.09 .002* 

Handwriting speed 118.0 54.0-233.0 163.5 43.0-252.0 -1.32 .186 

 

Based on their performance, the children were categorised as having ‘definite fine 

motor problems’ (score ≥ 6.5), ‘borderline fine motor problems’ (score between 6.5 and 5.0) 

or ‘no fine motor problems’ (score ≤ 5.0). Of the twelve children with DCD-ADHD, nine had 

definite fine motor problems, and three fell in the category borderline fine motor problems. 
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Two out of twelve controls had definite fine motor problems, and two children had borderline 

fine motor problems, but none had an abnormal total score on the MABC indicating DCD. 

Eight controls had no fine motor problems. 

  Table II 

 DCD-ADHD  

Median     Range 

Control group  

Median         Range  

 

Z 

 

p 

Movement time (sec) 26.7 16.4-43.2 30.6 18.6-53.5 -1.44 .149 

Movement velocity (cm/sec) 1.8 1.4-2.5 1.5 1.2-2.3 -2.08 .038* 

Dysfluency 7.4 5.3-8.6.0 8.3 7.5-8.9 -2.94 .003* 

Pen pressure (mN)              180.3 106.0-331.3 210.2 134.5-337.1 -1.10 .273 

Trajectory length (cm)           30.2 27.8-31.2 30.0 24.6-31.3 - .57 .453 

Accuracy   4.2 0.3-10.2 0.3 0.0-4.7 -3.13 .002* 

 

On the BHK, the children with DCD-ADHD obtained a higher score, representing 

poorer performance, on handwriting quality than the control group (p = .002). Nine children 

with DCD-ADHD were classified as dysgraphic, compared to 3 control children. Although 

children with DCD-ADHD wrote fewer letters in five minutes than the control group, this 

difference was not significant. 

  

Results of the flower-trail showed that the children with DCD-ADHD drew faster (p = .038), 

more fluently (p = .003), but less accurately (p = .002) than controls (Table II). 

 

Effect of methylphenidate 

Statistical comparison of manual dexterity of the children with DCD-ADHD off and on 

methylphenidate revealed that the medication resulted in an improvement (Table III). Off 

methylphenidate, scores on manual dexterity were significantly poorer than on 

methylphenidate (p = .003). Of the twelve children with DCD-ADHD, eleven improved their 

performance on the manual dexterity items. An improvement is a change in score of at least 

1 point. The performance of one child stayed the same.  
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  Table III 

 Off Methylphenidate 

Median          Range 
On Methylphenidate 

Median          Range  
 

Z 

 

p 

Manual Dexterity 9.8 5.0-15.0 8.3 0.0-12.0 -2.66 .003* 

Handwriting quality 41.0 20.0-50.0 34.5 19.0-46.0 -2.76 .042* 

Handwriting speed 118.0 54.0-233.0 115.0 53.0-220.0 - .17 .533 

 

On methylphenidate, the handwriting quality of the children (writing quality score 34.5) 

improved (p = .042) in comparison to the handwriting quality without medication (writing 

quality score 41). Of the eleven children with DCD-ADHD, six improved their handwriting 

quality on the BHK, four did not improve, and one child deteriorated. For one child, the BHK 

was not administered at one test moment. When assessed off methylphenidate, the children 

wrote 118 letters in 5 minutes compared to 115 letters in 5 minutes during methylphenidate 

treatment (p = .533).  

 Table IV 

 Off methylphenidate 

Median     Range 
Off methylphenidate 

Median         Range  
 

Z 

 

p 

Movement time (sec) 26.7 16.4-43.2 26.0 17.6-55.9 - .24 .814 

Movement velocity (cm/sec) 1.8 1.4-2.5 1.7 1.1-2.6 -1.57 .117 

Dysfluency 7.4 5.3-8.6.0 8.4 5.4-9.9 -2.20 .028* 

Pen pressure (mN)              180.3 106.0-331.3 225.6 91.7-357.1 -1.26 .209 

Trajectory length (cm)           30.2 27.8-31.2 29.6 21.7-31.3 - .71 .480 

Accuracy   4.2 0.3-10.2 3.2 0.0-6.4 -2.59 .010* 

 

Kinematic analysis of drawing movements on the flower-trail off and on methylphenidate 

indicated that the use of methylphenidate resulted in less fluent (p = .028), but more accurate 

movements (p = .010) in comparison to more fluent and less accurate movements without 
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medication (see Table IV). The performance of the control children did not differ significantly 

between both test sessions for all test items (p >.10).  

 

Discussion 

Fine motor ability of children who suffer from both ADHD and DCD was severely 

impaired. In comparison to their peers, children with DCD-ADHD made more errors and 

needed more time to complete the manual dexterity items, had poorer handwriting quality, 

and drew faster, more fluently, but less accurately on the graphomotor task.  

Christiansen (2000) and Pitcher et al. (2003) also reported poor manual dexterity in children 

with DCD-ADHD. The poor handwriting quality found in the present study was in line with the 

results found by Lerer et al. (1977). Regarding the results on the flower trail task, children 

with DCD-ADHD seem to use a different movement strategy than controls to complete this 

task. The flower trail is a closed-loop task that requires the use of visual feedback to correct 

movements into accurate strokes within the lines. The control group applied this closed-loop 

strategy, resulting in relatively slow and less fluent, but accurate movements. The children 

with DCD-ADHD, however, performed the task faster and more fluently, but made more 

drawing errors resulting in less accurate performance. Smits-Engelsman et al. (2001) found 

similar results using the flower trail task in children with DCD only. Smits-Engelsman and 

colleagues suggested that children with DCD use a ballistic movement strategy that is less 

dependent upon visual correction. The similarity between the results of our and their study 

implies that children with DCD-ADHD may use a ballistic movement strategy similar to 

children with DCD.  

In contrast to the fast and fluent movements of children with DCD-ADHD in the current study, 

slower but fluent handwriting movements were found for children with ADHD as a single 

diagnosis by Schoemaker et al. (in press). It is not clear whether the difference in findings 

between the studies might result from the difference between populations, i.e. DCD-ADHD 
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versus ADHD, or from differences between tasks, i.e. a closed-loop flower trail task versus a 

task in which figures had to be copied between lines. 

A possible limitation to interpretation of the findings in the present study is the composition of 

the control group. Despite our attempts to obtain a control group without motor problems, an 

unexpectedly high proportion of children (17%) scored below the 5th centile on the manual 

dexterity subtests, and also a high proportion (25%) was classified as dysgraphic on the 

BHK. One possible explanation is that, in spite of our instructions, some teachers actually 

selected children with motor problems. Another explanation is that the high occurrence of 

non-optimal writing occurred by chance. The prevalence of handwriting problems among 

Dutch school-age children has been found to be 35% (Smits-Engelsman et al. 2001). Despite 

handwriting problems in the control group of our study, differences with the DCD-ADHD 

group remained demonstrable. 

The second aim of this study was to investigate the effectiveness of methylphenidate in 

improving fine motor performance of children with DCD-ADHD. To prevent confounding by 

fluctuations in ADHD-symptoms, these had to be reduced by selecting methylphenidate-

sensitive children. In accordance with previous findings regarding children with ADHD (Lerer 

et al. 1977, Tucha and Lange 2001), a substantial improvement in the fine motor output was 

found. On methylphenidate, children with DCD-ADHD had better manual dexterity scores 

and handwriting accuracy and legibility improved.  

Results regarding the effectiveness of methylphenidate on the movement kinematics 

revealed more accurate, but less fluent movements during use of the drug. These results 

corroborate the deterioration in fluency reported by Tucha and Lange (2001) in children with 

ADHD during treatment with methylphenidate. The question is whether the kinematic data 

really reflect deterioration of task performance. Without medication, children with DCD-ADHD 

may have difficulty focussing their attention on the task or inhibiting motor responses, 

resulting in fast and fluent movements that do not meet the accuracy demands required by 

the flower trail. As a result, children cross the lines of the flower trail too often. Fast 
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movements generally are more fluent as they are characterized by fewer inversions in the 

acceleration profile. When children with DCD-ADHD are treated with methylphenidate, their 

ability to focus attention on the demands required for the task may improve as their 

distractibility diminishes, resulting in slower, less fluent, but more accurate movements. It is 

well known from studies on motor learning that people tend to achieve accuracy of a motor 

task first, after which they progress to velocity and fluency (Magill 2004). The finding that 

children with DCD-ADHD on methylphenidate first focus on accuracy of movements during 

the flower trail at the cost of their velocity and fluency is in line with the results of motor 

learning studies. Only after children with DCD-ADHD have learned to concentrate on the 

spatial features (accuracy) of the flower trail task (thanks to methylphenidate) will they be 

able to focus on the temporal features (velocity and fluency), which will result in faster and 

more fluent movements.  

It could be argued that the changes in performance might have been due to other 

interventions or to learning effects. However, during the study period no other therapies were 

offered and no change in school service was applied. All children with DCD-ADHD were first 

examined off methylphenidate and after four weeks on methylphenidate. Accordingly, the 

improvement in fine motor performance at the second test moment might have been the 

result of familiarity with the test items. However, the controls showed no improvement 

between both test moments, which makes it unlikely that the improved performance for the 

group with DCD-ADHD at the second test moment merely reflects a learning effect. 

Nevertheless, replication of this study using a crossover design seems warranted.  

In the DSM-IV, the co morbidity between DCD and ADHD is poorly identified (Piek and Dyck 

2004). Poor motor performance in children with ADHD is directly attributed to the inattention 

and hyperactivity. However, the present data demonstrate that once the symptoms of 

inattention and hyperactivity have been ameliorated by medication, some fine motor 

problems still remain requiring motor treatment. Thus, part of the fine motor problems may be 

the result of inattention or hyperactivity, but another part is mediated by other mechanisms 
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related tot the DCD problems. Therefore, we agree with Piek and Dyck that ADHD and DCD 

need to be identified as co-morbid conditions with distinct problems requiring complementary 

forms of intervention. 

 

Conclusion 

In this study fine motor performance in children with DCD-ADHD was poorer before than 

after methylphenidate use. Impairment in manual dexterity, and poor quality of handwriting 

and drawing improved after methylphenidate use, but performance remained poorer than in 

the control group. In most cases clinical improvement of manual dexterity was attained and 

legibility of handwriting improved in fifty percent. Nevertheless, children with DCD-ADHD are 

still affected by substantial fine motor problems that warrant further treatment and support in 

school to overcome functional problems for handwriting and drawing. 
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