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 Objective: To assess whether the Movement ABC can be used to 

monitor individual change in motor performance. 
 Design: Motor-impaired children were tested three times in succession 

with the Movement ABC without any intervention. 
 Setting: Two schools for special education and one school for children 

who are chronically ill. 
 Subjects: Three girls and 20 boys aged 6–8 years. 
 Main outcome measures: Scores were measured per item (0 → 5), added 

to cluster scores (0 → 10 or 15), added to form the total scores (0 → 40). 
Mean scores, standard errors of measurement (SEMs) and least 
detectable differences (LDDs) were calculated per item, per cluster and for the 
total scores. A repeated measures analysis of variance was performed to test 
for the effects of time. 

 Results: The total scores improved significantly from the first session 
(mean: 15.4 points) to the second (mean: 13.3), but not from the second to the 
third (mean: 13.2). Average item scores ranged from 0.6 to 2.7 points with 
SEMs of 0.79 → 1.54 and LDDs of 2.20 → 4.27. Average cluster scores 
ranged from 3.4 to 5.3 with SEMs of 1.51 → 1.84 and LDDs of 4.18 → 5.11. 
The SEM of the total scores equalled 3.13 with an LDD of 8.68 

. Conclusions: The total score of the Movement ABC is sufficiently 
sensitive to monitor individual change; the cluster scores have moderate 
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sensitivity and individual items are inappropriate to monitor individual change. 
The significant effect of time is interpreted as an effect of learning.  

 INTRODUCTION  
Standardized tests play an important role in occupational and physical therapy for children 

with  developmental delays. While basic information concerning each individual child will 
always come from parents and teachers, and from medical records, paediatric therapists have 
their own specific contribution to the diagnostic and evaluative process. The clinical 
observations of a paediatric therapist allow for a professional assessment of the functional 
limitations of the individual child.1,2 Standardized paediatric tests were developed to give 
these observations an objective basis. Standardized tests are crucial not only to the diagnostic 
process but also to the planning and evaluation of treatment. A widely used norm-referenced 
test to evaluate motor functioning in children is the Movement ABC. The Movement ABC 
was developed to serve two main purposes. First, the test can have a diagnostic function in 
offering a detailed picture of the child’s motor weaknesses and strengths. Second, the 
movement ABC is reported to be sufficiently reliable and valid to use in evaluating the 
efficacy of treatments for motor impaired children.3 Indeed, several intervention studies4–7 
reported significant effects in groups of motor-impaired children who were tested with the 
Movement ABC or its predecessor, the Test of Motor Impairment – Henderson’s revision.8 
Without denying the importance of the published group studies, we want to emphasize that 
in clinical practice the paediatric therapist focuses on the individual child. In the 
literature, information is lacking as to the usefulness of the Movement ABC in monitoring 
individual change in motor-impaired children. The purpose of this paper is to start obtaining 
such information. Henderson and Sugden3 reported a test–retest agreement from 62% to 
100% for the items of the Movement ABC, when scores were dichotomized into pass or fail. 
Such stability or instability of test scores is usually interpreted as a quality of the 
measurement instrument, while in fact the subjects may have changed between test and 
retest. Although research tends to neglect such fluctuations, it is the common experience of 
paediatric therapists that the degree to which a child suffers from functional limitations may 
vary from day to day.9 Hence it is often difficult to differentiate the variance that is 
caused by the measurement procedure (including the person who takes the measurements) 
from that which is intrinsic to the measured property itself. In our opinion, therapists just 
transcend this problem by focusing on the clinical distinction between meaningful and trivial 
change. In statistical terms meaningful change at least requires systematic variance rather 
than unsystematic variance. Examples of sources of systematic variance are maturation of 
the child, specific learning effects on the test items, or the effects of treatment. Unsystematic 
variance consists of transient fluctuations in the behaviour of the child plus the classical 
unreliability of the test instrument itself. A useful statistic that presents itself for 
differentiating between systematic change and unsystematic variance is the standard error 
of measurement (SEM). The SEM provides an estimate of the unsystematic variance in a 
subject’s score if a test is administered more than once under the same conditions.10–19 
Since children with motor impairment do not form a homogeneous group,20–23 one would 
theoretically want to establish a separate SEM for each individual child by measuring the 
same child many times. Obviously, this would be very impractical, if not impossible. 
Therefore, the SEM is estimated by measuring a group of comparable subjects a few 
times. In the present study, a group of motorimpaired children were measured three 
times with the Movement ABC and the SEM was estimated. Based on the SEM, a ‘least 
detectable difference’ (LDD) was derived, representing the minimal individual change that 
must be observed before the therapist may conclude that systematic change has occurred.  
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 METHODS 

 Movement ABC and procedure 
 The Movement ABC was specifically developed for children with motor impairment 

without mental retardation or any known physical disorder such as cerebral palsy. To date, 
such children are said to suffer from ‘developmental coordination disorder’ (DCD).24 DCD 
is found about three times more often in boys than in girls.25 In the literature, children 
scoring at or below the 5-centile of the Movement ABC are regarded as children with 
‘definite’ motor problems. 3 In the present study, we defined as ‘mild to moderate motor 
impairment’ scores below the 30-centile, that is, scores of children who do 
experience themselves to be clumsy in comparison to many of their peers without necessarily 
having a definite motor problem. The Movement ABC has two parts: a battery of eight 
different performance tests for the individual child, and a checklist to be filled in by an adult 
who is familiar with the child’s day-to-day motor functioning.3 The checklist is more 
informal and is not taken into account in the scores on the performance tests. The present 
study focused on the performance tests only. While these tests are slightly different per age-
band, the tasks to be performed are very comparable.3 Score distributions and variability of 
scores are similar for different age groups (6–12 years), and gender differences are small and 
nonsignificant.3 The present study was performed with children from 6 to 8 years old, and 
only the first two agebands of the performance tests had to be used (Table 1). Items are 
scored in seconds or number of correct trials. The manual gives a strict protocol to translate 
these raw scores into point scores (between 0 and 5). For most items only integers are used 
but for items 1 and 6, half points can be given also. For all items, higher scores indicate 
a more serious level of impairment. The point scores for the individual items are added to 
form three clusters: manual dexterity (items 1–3), ball skills (items 4 and 5) and balance (6–
8). Finally, the cluster scores are added to form the total scores. It may be important to note 
that the item scores are at least ordinal but not necessarily interval, while the total scores can 
be treated as interval data.3 A large sample of norm-reference children has been studied,3 
which allows item, cluster and total scores of the Movement ABC to be translated into 
centiles (Table 2) 

[TABLE 1] 

[TABLE 2] 
. In our study, the Movement ABC was used in accordance with the directions specified in 

the manual.3 The measurements were performed by two experienced occupational therapists 
who had been specifically trained in the administration of the Movement ABC. Each child 
was tested by the same examiner all three times. Time intervals were planned that were long 
enough to minimize temporary practice effects and short enough to render systematic effects 
of maturation implausible. For practical reasons, the planned time interval between testing 
sessions varied unsystematically from two (31% of the cases) to three (65% of the cases) 
weeks. Two children could not make the planned interval. For one of them, the second 
session was four weeks after the first; for the other, the third session was four weeks after the 
second. Tests were performed on the same weekday and at the same time during 
school hours, unless illness of the child precluded this. The same quiet test room was used 
for all sessions.  

 Subjects  
Children were selected from three primary schools in The Netherlands: two schools for 

children with learning disorders and one school for chronically ill children. In such schools 
for special education, there is usually a high percentage of children with motor difficulties. 
Teachers, and at one school the physical therapist of the school, were asked to select pupils 
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between 6 and 8 years old who had poor motor co-ordination for their age, which interfered 
with their school performance. This age range was chosen because it is usually the range in 
which co-ordination problems are first ‘officially’ recognized, that is, by teachers or school 
medical staff. Children with a marked physical disability (such as visual impairments or 
orthopaedic abnormalities) and/or known neurological disorders (such as cerebral palsy or 
epilepsy) were not considered for participation in the study. Furthermore, children had to 
master the Dutch language. Parents of those children who fulfilled the above criteria were 
asked to fill in an informed consent. All children for whom consent was obtained were then 
tested with the Movement ABC. Children who scored above the 30-centile at this first test 
session were excluded from the second and third sessions.  

 Statistical analysis  
In order for an LDD (least detectable difference) to be meaningfully interpretable, the 

frequency distribution in question should be sufficiently close to normal. We 
operationalized this ‘closeness’ in terms of skewness and kurtosis. Skewness and kurtosis of 
all item scores, the cluster scores and total scores were determined, first per session, then for 
the three sessions taken together. It was decided to accept only variables with skewness as 
well as kurtosis between –3 and +3 in all cases. Note that some skewness had to be expected 
since some of the children were bound to do well in some of the sessions on some of the 
items. In order to see how strong this effect would be in our sample, we also calculated 
the percentage of zeros for each item, the cluster scores and the total scores. For every test 
session, mean scores, SDs and score ranges were calculated per item, per cluster and of the 
total score. Analysis of variance (ANOVA) for repeated measures was performed on the 
total score, the cluster scores and each item separately. Such a repeated measures ANOVA 
allows for removing the between-subjects variance in order to focus on the within-
subjects variance,26 which is the variance of interest in the present study. This within-subjects 
variance is further partitioned into between-trials variance and residual variance.10 The 
betweentrials variance contains the systematic differences over time and can be used to 
pinpoint learning or maturation. In the present study, Helmert contrasts26 were calculated for 
the first measurement versus the average of the second and the third, and for the second 
measurement versus the third. The residual variance is what is left after removing both the 
between-subjects variance and the systematic effects of time.26 This residual variance is used 
to calculate the SEM. It is important to note that the residual variance, and thus the SEM, 
combines unsystematic variance in the behaviour of the subjects with classical 
measurement errors, including the unsystematic contributions to the variance of both 
examiners. Thus, for the clinician who wants to monitor individual change, the SEM takes 
together all unsystematic factors one wants to contrast with ‘real’ change. The SEM is 
estimated by taking the square root of the residual variance18:  

 
SEM = √ MSresidual 

 
 Since the SEM is expressed in the same units as the measurement itself, it can be 

interpreted as a standard deviation.10–19 If the scores of an individual can be assumed to 
have a Normal distribution, the 95% confidence interval of any single score X equals: X ± 
1.96 X SEM. The SEM of the difference between two subsequent scores of the same 
individual is calculated as: SEMdifference = √2 X SEM. Taking 5% as the significance 
level, the minimum difference that allows one to conclude for a ‘real’, that is significant 
change, thus equals11–18:  

 
 1.96 X√2 XSEM  
 
This quantity, 1.96 X√2 XSEM, defines the least detectable difference (LDD) between 

two subsequent scores. If the actual difference between two subsequent scores exceeds 
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the LDD, statistically significant change has occurred (p <0.05). With respect to our focusing 
on the LDD, it may be important to note that the notions of discriminative and evaluative 
validity are different in principle. In order for the Movement ABC to be valid in diagnosis, it 
should validly discriminate between children. This is why the Movement ABC is a norm-
referenced test.3 On the other hand, the evaluative decision if an individual child has ‘really’ 
improved, depends on the choice of a criterion. In the present study, we focused on the 
criterion that the change should be statistically significant, i.e. exceed the LDD. The LDD 
was computed for each item, each cluster, and the total score. In terms of the LDD, children 
can improve significantly between two subsequent scores only if their initial score exceeds 
one LDD. We determined per item, for the clusters and for the total scores how many of the 
children started with scores below one LDD and for whom improvement by at least one 
LDD would thus have been impossible. Furthermore, if the score range is only slightly larger 
than the LDD, significant improvement between subsequent scores is not possible more than 
once. We therefore also expressed the LDD as fraction of the score range. Finally, in the 
Discussion we give a more clinical interpretation of the LDD. Throughout the analysis, SPSS 
7.5 for Windows was used. All statistical tests were performed with a significance level of 
0.05.  

[TABLE 3] 

 RESULTS 
 Parental consent was obtained for 28 children. Five of them had initial scores on the 

Movement ABC above the 30-centile. These children were removed from the study. Of the 
remaining 23 subjects (Table 3), 18 scored below the 15-centile, 13 of them below the 5-
centile. Thus, 13 of the 23 children in the present study had ‘definite’ motor problems.3 
There were 20 boys and 3 girls in our sample. This 20:3 ratio exceeds the 3:1 ratio given in 
the literature.25 Since the Movement ABC is reported to be robust for gender differences,3 
this over-representation of boys was not treated as a confounding factor. There was no 
experimental attrition. For every test session, mean scores, SDs and score ranges were 
calculated (Table 4). Note that the whole range of possible scores was covered 19 out of 24 
times in the item scores, 2 out of 9 times in the clusters (both in ball skills), but never in the 
total scores. In item 7, the kurtosis was larger than +3 in the first session and in the total 
distribution of scores. Thus, the LDD of item 7 is not meaningfully interpretable. For item 7, 
81% of all scores equalled 0. On average, 36% of all item scores equalled 0, 10% of 
cluster scores and 1% of the total scores. Apart from item 7, skewness and kurtosis were 
always between –3 and +3. Repeated measures ANOVA (Table 5) revealed a significant 
effect of time on the total scores (F2,44 = 3.62; p = 0.035), the cluster score for ball skills 
(F2,44 = 8.09; p = 0.001) and the scores on item 4 (F2,44 = 6.59; p = 0.003). On Helmert 
contrasts, the average scores of the second and third session were significantly better than 
those of the first session (total scores F1,22 = 6.49, p = 0.041; ball skills F1,22 = 13.73, p = 
0.001; item 4 F1,22 = 10.96, p = 0.003). There were no significant differences between 
the scores of the second and those of the third session. The SEM was calculated as the square 
root of the residual variance in the above repeated measures ANOVA (Table 5). For the item 
scores SEMs ranged from 0.79 to 1.54, for the cluster scores from 1.51 to 1.84. The SEM for 
the total score equalled 3.13. The LDDs (Table 5) were calculated from the SEMs (cf. 
Statistical analysis). LDDs for the items ranged from 2.19 to 4.27, for the clusters from 4.19 
to 5.10. The LDD of the total score equalled 8.68. Of the initial item scores in our sample, 
86% fell below one LDD. This also occurred in 46% of the initial cluster scores and in 13% 
(three children) of the initial total scores. In all these cases, significant improvement of the 
individual child would, per definition, be impossible. Expressed as a fraction of the whole 
score range, LDDs of the item scores ranged from 0.44 (item 1) to 0.85 (item 5), LDDs of 
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the cluster scores from 0.28 (manual dexterity) to 0.48 (ball skills). The LDD of the total 
scores equalled 0.22 of the total score range, showing that the total score is potentially 
much more responsive than the cluster scores or the item scores.  

[TABLE 4] 

[TABLE 5] 

DISCUSSION 
 In the present sample of children with mild to moderate motor impairment, we found an 

SEM of 3.13 points for the total score of the Movement ABC (scale range 0 → 40). Of 
course, it has to be realized that the number of children in our study was relatively small, and 
the generalizability of our results per se is limited. In 1990, Riggen et al.27 reported an SEM 
of 0.86 points in healthy preschoolers measured with the predecessor of the Movement ABC, 
the TOMI-H (scale range 0 → 16). Expressed as percentage of the total scale range, the SEM 
in our study is somewhat larger (8%) than that in the study of Riggen et al. (5%). A 
plausible explanation of this difference is that the performance of children with mild to 
moderate motor impairment is more variable than that of unimpaired children of the same 
age. It has to be noted that the scoring possibilities of the TOMIH per item (0 → 2 points) are 
fewer than those of the Movement ABC (0 → 5 points). Thus, the TOMI-H is probably less 
sensitive to differences in motor performance. In order to be sufficiently sensitive to 
monitor individual change, the Movement ABC should have LDDs that are much smaller 
than the score range. For the total score, this is clearly the case: an LDD of 8.68 points 
within a range of 0 → 40. In the cluster scores, the LDDs form a larger fraction of the score 
range, but still remain below 50%. Thus, the cluster scores appear to be moderately sensitive 
to individual change. At the level of the individual items, the situation is very different. The 
LDDs of the individual items cover 44% to 85% of the score range. The therapists in the 
present study were specifically trained to use the Movement ABC and large 
measurement errors were thus not to be expected. Hence, the only plausible explanation of 
the relative insensitivity of the individual items is that the actual performance of the children 
varies strongly from measurement to measurement at the level of the items. We recalculated 
our results for the 18 children whose initial total scores were below the 15- centile. The 
general pattern remained the same. Even children below the 15th percentile often score very 
well on some individual items. The essence of the Movement ABC is to take item scores 
together. A child who now fails on this and then on another item, still can have stable 
scores at the level of the clusters and that of the total scores. Given the above, it turns out to 
be undesirable to use the individual items of the Movement ABC to monitor individual 
change in children with mild to moderate motor impairment. Moreover, most initial item 
scores in our sample fell below one LDD, rendering significant improvement theoretically 
impossible. This again shows that the variability at the item level precludes the use of single 
scores in monitoring individual change. Nevertheless, the item scores can still be useful in 
comparing averages. In our sample, significant between-subject differences were found for 
all averages over the three sessions, even at the level of the individual items. Schoemaker 
et al.5 reported significant differences between an experimental and a control group not only 
in the total scores but also in items 2, 4 and 6. And Smits-Engelsman et al.6 found significant 
differences between groups in the balance score and in items 7 and 8 of the Movement 
ABC.  

Clinical relevance 
 For the paediatric therapist in daily clinic, LDDs allow for a straightforward 

statistical interpretation of change scores: An individual Houtenchild has significantly 
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improved (p <0.05) between two consecutive measurements if the child has improved by at 
least one LDD. However, the clinical interpretation of SEMs and LDDs is far from 
straightforward. No single score makes it possible to differentiate measurement error 
from actual performance. In our study, significant improvement was found between the first 
and the second measurement session. Since there was only a short time interval between 
measurements and no intervention was given, these differences were interpreted as a learning 
effect. If a child is to be monitored with the Movement ABC, we recommend measuring the 
child twice at the beginning of therapy and discarding the first measurement. If the above 
precaution is taken, however, there remains the problem of relating the 
statistical interpretation of change scores to their clinical interpretation. In group studies, it is 
possible to find significant differences that are too small to be clinically meaningful. We do 
not believe that the same problem exists if an individual child improves one LDD or more on 
the Movement ABC. Such an improvement of 9 points in the total score would be larger than 
from the 1-centile (18.5 points) to the 15-centile (10 points).3 Children with mild to 
moderate motor impairment suffer from the fact that they are less competent in motor skills 
than their peers.28 Although there is no absolute standard for clinical relevance, we would 
not doubt the meaningfulness of an improvement from the first to the 15th percentile. 
Accordingly, we propose to regard a significant improvement on the Movement ABC as a 
clinically meaningful improvement. 29 On the other hand, assessing the clinical relevance of 
nonsignificant improvement is notoriously difficult. The LDD is a conservative measure and 
rather large improvement is needed for statistical significance. Thus, 
nonsignificant improvement is likely to occur frequently. If an individual child were to 
improve, for instance, by just over one SEM, 3.5 points on the total score, the change would 
be equal to that from the 5- centile to the 15-centile. Such nonsignificant improvement thus 
has the potential to be clinically meaningful. The challenge then becomes to decide if the 
improvement in question is of a sys tematic nature, that is, not just deriving from 
random fluctuations in the child’s behaviour or measurement error. Skilled therapists make 
such decisions every day, often without consciously using any formal quantitative 
models. No therapist ever relies on one source of information only. Parents and teachers 
continue to provide information; the therapist observes the child and interacts with him or 
her, not relying on single measures but observing the overall development over time; 
colleagues offer relevant information; there may be new results from medical tests, etc. In 
order to differentiate meaningful from trivial change, paediatric therapists take many sources 
of information into account. It is a well-known statistical fact that information from several 
independent sources taken together is more reliable than information from single sources.30 
Accordingly, we believe that skilled therapists regard potentially meaningful 
nonsignificant improvement as ‘real’ improvement when changes in other dependent 
variables point in the same direction.  

 CONCLUSION 
 Clinicians are increasingly being expected to use reliable, standardized and validated 

measures in their daily practice. Monitoring individual children with such measures may 
encourage the clinician to base their interventions on objective change. Objective 
improvement can offer a motive to continue or even intensify the intervention, while 
objective deterioration may lead to choosing a different therapeutic strategy. The present 
study shows that the total scores of the Movement ABC can be used to validly 
monitor change in children with mild to moderate motor impairment. The individual items of 
the Movement ABC are insufficiently sensitive for that purpose, while the cluster scores may 
offer some useful information but are less sensitive than the total scores.  
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