
Are Teaching Principles Associated
With Improved Motor Performance
in Children With Developmental
Coordination Disorder? A Pilot Study

Background and Purpose. Physical therapists’ teaching skills often are disre-
garded in research studies. We examined whether the use of different
teaching principles during neuromotor task training was associated with
treatment effects. Subjects. Nineteen children (mean age�7 years 5 months,
range�5–10 years) who had developmental coordination disorder and who
performed below the 15th percentile on the age-related Movement Assess-
ment Battery for Children (M-ABC) and 11 physical therapists participated in
the study. Methods. One intervention session for each child was videotaped.
The frequency of the use of principles included in the motor teaching
principles taxonomy (Niemeijer et al, 2003) was correlated with changes in
motor performance on the M-ABC and the second edition of the Test of Gross
Motor Development. Results. Providing clues on how to perform a task, asking
children about a task, and explaining why a movement should be executed in
a certain way were related to better movement performance. Discussion and
Conclusion. Teaching principles may be associated with success in therapeutic
situations. [Niemeijer AS, Schoemaker MM, Smits-Engelsman BCM. Are
teaching principles associated with improved motor performance in children
with developmental coordination disorder? A pilot study. Phys Ther. 2006;86:
1221–1230.]
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E
vidence for positive treatment effects in children
with developmental coordination disorder
(DCD) is becoming available as more task-
oriented training programs are developed.1,2

Children with DCD, also described as clumsy or dys-
praxic, experience difficulties in acquiring adequate
motor skills, such as writing or catching a ball.3 They are
traditionally treated with sensory integration, process-
oriented, and perceptual motor programs. Scientific
evaluation studies have shown few effects of these pro-
grams on the motor performance of children with
DCD.4 In more recently developed programs, which are
very promising, therapists become skill teachers. They
guide the child with DCD in the process of learning
motor skills that children typically learn informally and
perform without close attention.3

Effectiveness studies so far have disregarded the teach-
ing skills of physical therapists, even though these might
be major factors contributing to the success of managing
DCD. A task-oriented treatment program that pays spe-
cial attention to how therapists teach motor skills is
neuromotor task training (NTT).5 Neuromotor task
training is a child-centered treatment program suitable
for children with DCD. It is based on recent scientific
information on variables that affect motor control and
motor learning.6,7 This information is incorporated into
NTT to enhance motor learning in general and to
enhance transfer to activities of daily life in particular.
However, it is unclear whether the knowledge gathered
through research in artificial laboratory experiments,
often with healthy children or adults, applies to motor
teaching in therapeutic situations.6,8,9 This study is a first
attempt to empirically associate therapeutic success with
the teaching principles used by physical therapists who
provide NTT to children with DCD.

Neuromotor task training is a tailor-made program
developed in the Netherlands for children with DCD.5 A
physical therapist treating according to NTT teaches the
motor tasks with which a child experiences problems.
The choice of tasks depends on the individual needs of
the child as well as on the expectations, capabilities, and
motivation of the child and the parents. Physical thera-
pists start by assessing the strengths and weaknesses of a
child’s functional performance. The entrance level of
training of a skill is determined by loading various
aspects of the task performance. For example, in goal-
directed movements, speed or accuracy in relation to
distance and target size can be examined. By varying task
loads during the functional assessment, the therapist can
analyze which aspects of the task performance are most
critical. Moreover, training of tasks with regard to these
critical factors will tap the motor control processes that
are thought to be involved. For instance, when a motor
pattern for throwing an object is not yet developed, the
child is given practice trials. To develop a throwing
pattern, a variety of objects with which to practice are
provided. Alternatively, if a child can catch a ball only
when standing still and warned beforehand, training
focuses on ball catching in complex and attention-
demanding situations. Once the child has discovered a
reasonably effective approach to the desired movement,10 a
demand for parameters gradually is introduced by propel-
ling the object over various distances or by aiming the
object at targets of different sizes. Toward the end of
training, the therapist will examine whether the skill can be
performed automatically by talking about something else
or by combining it with a new task.

During their training on NTT, physical therapists are
encouraged to motivate children to learn and to provide
specific instructions and feedback to the children. They
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can choose among different learning options, such as
implicit, guided discovery or explicit learning. If explicit
learning is chosen, they know that different stages of
motor learning are involved: the cognitive phase, the
associative phase, and the autonomous phase.11 Neuro-
motor task training emphasizes giving the child some
sort of idea or image of the task to be learned, be it
through verbal instructions or demonstrations. Schmidt
and Lee6 reported that clear instructions about what task
to perform, how to perform it, and what to attempt to
achieve as a score are critical for motor learning. Less
effective are instructions such as “go” or “OK.” There-
fore, NTT therapists are trained to give instructions
(clues) that provide useful and important information
about the movement itself or to stress ways in which
children can recognize their own errors. After a motor
task is performed, providing feedback about what was
done may be essential for skill learning. Physical thera-
pists can talk about the outcome of a movement (results)
or about the nature of the movement pattern (perfor-
mance). In NTT, the provision of adequate feedback on
performance is encouraged because it may enhance
motor learning, especially in children with motor prob-
lems.6–8 Both the motivational and the informational
functions of feedback are emphasized in NTT.

Schoemaker et al2 showed that the use of NTT in the
treatment of children with DCD had positive effects on
handwriting and on fine and gross motor skills. Children
with DCD improved their motor performance after 9
intervention sessions, whereas children in a noninterven-
tion group did not improve spontaneously in 9 weeks.
Niemeijer et al12 described the different therapeutic
teaching principles that physical therapists actually use
while treating children with DCD during 30-minute
sessions of NTT. Although physical therapists aim to
enhance motor learning by using these principles, there
is no empirical clinical evidence that these mechanisms
have positive effects. Niemeijer et al12 showed that the
therapists’ use of principles varied but was not associated
with a child’s initial level of motor performance on the
Movement Assessment Battery for Children13 (M-ABC)
or the second edition of the Test of Gross Motor Develop-
ment14 (TGMD-2). These findings indicated that a child’s
initial motor performance level does not influence a ther-
apist’s verbal actions aimed at improving the child’s motor
performance. In this pilot study, we investigated whether
the frequency of use of particular teaching principles is
associated with an improvement in children’s motor per-
formance on the M-ABC and the TGMD-2.

Method

Sample Selection and Description
Forty therapists, all registered in the Netherlands as
pediatric physical therapists, were willing to participate.

They learned NTT during their 3-year training and 2
extra meetings organized especially for the purpose of
this study. An update on NTT was given during the first
meeting. Next, the therapists recorded an intervention
session on videotape while treating a child with DCD. At
the second meeting, the videotapes were used to stress
the NTT principles in their interventions.

Children could be included in this study if they fulfilled
the 4 criteria for DCD in the Diagnostic and Statistical
Manual of Mental Disorders, 4th ed, text revision
(Tab. 1),15 if they were recently referred for physical
therapy, if they had no history of physical therapy, and if
their parents gave informed consent. They had to be
referred for physical therapy by their general practitio-
ner because of motor coordination problems in school
or at home. This criterion indicated that their poor
motor coordination interfered with activities of daily
living (criterion B15). The therapists examined the chil-
dren with the General Psychomotor Assessment Protocol
for DCD16 to exclude obvious neurological disorders or
other medical conditions that could explain the motor
difficulties (criterion C15). As part of this protocol, the
M-ABC was administered, and a score at or below the
15th percentile confirmed that the child’s motor coor-
dination was substantially below that expected for his or
her age (criterion A15). All children attended main-
stream Dutch schools, a factor that indicates that their
intelligence was within the normal range (criterion D15).
Because this study investigated treatment effects through
measurement of the progression of motor performance
by independent researchers, a child also had to perform
below the age-appropriate 15th percentile of the M-ABC
during the researchers’ pretest assessment to be
included in this study.

Table 1.
Diagnostic Criteria for Developmental Coordination Disorder15(p58)

Criterion Description

A Performance in daily activities that require motor
coordination is substantially below that expected
given the person’s chronological age and
measured intelligence. This may be manifested
by marked delays in achieving motor milestones
(eg, walking, crawling, sitting), dropping things,
“clumsiness,” poor performance in sports, or
poor handwriting.

B The disturbance in criterion A significantly interferes
with academic achievement or activities of daily
living.

C The disturbance is not due to a general medical
condition (eg, cerebral palsy or muscular
dystrophy) and does not meet the criteria for a
pervasive developmental disorder.

D If mental retardation is present, the motor difficulties
are in excess of those usually associated with it.
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After a recruitment period of 2 years, 19 children and 11
physical therapists participated in this study. The thera-
pists were all female and between 37 and 53 years of age.
The children scored below the 15th percentile on the
M-ABC during the researchers’ pretest assessment. Six-
teen boys (one aged 5 years, six aged 6 years, four aged
7 years, four aged 8 years, and one aged 10 years) and 3
girls (6, 8, and 9 years of age) participated. Their mean
age was 7 years 5 months (SD�1.3 years). None of them
was diagnosed by a psychiatrist as having attention-
deficit/hyperactivity disorder or a pervasive develop-
mental disorder.

Measurement Instruments
The motor teaching principles taxonomy12 (MTPT) was
used to register the type and frequency of therapists’
verbal actions aimed at improving motor learning. The
MTPT is a well-structured observation system developed
to analyze videotaped recordings of NTT intervention
sessions. The development of the MTPT was based on
scientific motor learning information emphasized in
NTT and on the observed (verbal) actions of therapists.
The therapists’ overt actions can be clustered into 3
major categories, covering 20 different teaching princi-

ples (Tab. 2). These categories are
mutually exclusive and exhaustive. The
reliability of categories and their indi-
vidual principles in the MTPT is satis-
factory.12 The verbal actions of thera-
pists are registered only once if the
therapists repeat an action because the
child does not react. Thus, for exam-
ple, the frequency of instructions given
is related directly to the child’s number
of practice trials. The Cohen kappa
values for test-retest reliability were
between .69 and .79 for the “giving
instruction” category, between .73 and
.85 for the “sharing knowledge” cate-
gory, and between .63 and .99 for the
“providing or asking for feedback” cat-
egory. For interrater reliability, they
were between .60 and .77.

The M-ABC provides an indication of a
child’s motor functioning in daily life.13

It was validated for the Dutch popula-
tion by Smits-Engelsman.17 The M-ABC
consists of 4 age-related batteries with
norms. Each battery consists of 8 motor
tasks that measure different aspects of
motor ability; 3 items measure manual
dexterity, 2 items measure ball skills,
and 3 items measure static and dynamic
equilibrium. A lower score represents a
better performance. When a child is

tested with the appropriate age range and norms, a score
at or below the 15th percentile means poor performance
in comparison with that of peers. The standardized
scores make comparisons within a broad age range
possible. The test is product oriented, as it measures
motor competence in outcome terms (eg, speed and
amount of successful attempts). This test often is used to
classify DCD18 and to measure treatment effectiveness.18,19

The reliability and validity studies reported for the
M-ABC are based primarily on its predecessor, the Test
of Motor Impairment.13 The minimum test-retest reli-
ability at any age was .75, and the interrater reliability was
.70. The decision agreements of the total scores were
97% for age 5 years, 91% for age 7 years, and 73% for
age 9 years. Thus, the test has moderate to good validity
and reliability. The standard error of measurement
(SEM) (test-retest) was 3.13 points; the mean total scores
ranged from 13.2 to 15.4, and the standard deviations
ranged from 3.9 to 7.5.19 The least detectable difference
(LDD) between 2 scores thus was 8.68 (1.96��2�SEM).
Retesting within 2 weeks has shown effects of learning.19

Therefore, for monitoring of an individual child, it is
recommended that measurements be obtained twice at

Table 2.
Motor Teaching Principles Taxonomy: Three Categories With Principles Covering Verbal
Actions of Physical Therapists Aimed at Improving Motor Learning12

Category Description

Giving instruction Giving information on what to do
Give commands
Draw attention to and demonstrate a movement
Give clues on how to execute a movement
Adjust body position to make a desired action possible

Sharing knowledge Talking about movement tasks and execution (before or during
execution)

Explain why it is better to execute a movement in a certain
way

Revert to earlier trials
Tell what the child is doing
Provide rhythm or timing
Explain the difficulty of a task
Ask the child about the difficulty of a task
Ask the child if he or she understands a task
Ask the child if he or she thinks that he or she can perform

a task (attainability)
Ask the child questions about the movement execution of a

task

Providing or asking
for feedback

Providing comments or asking for comments after the task is
completed

Tell the child what was done right during the execution
Tell the child what was done wrong during the execution
Tell about the results of performance neutrally
Tell about the positive results of movement
Tell about the negative results of movement
Ask the child’s opinion about the movement execution
Ask the child’s opinion about the results of the task
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the beginning of therapy and that the first measurement
be discarded.19 Although the M-ABC is used for evalua-
tion purposes,18,19 specific evidence of its sensitivity to
change or responsiveness has not yet been published. In
the present pilot study, the therapists used the M-ABC as
an identification instrument for children with DCD. In
addition, the researchers used it as an evaluation instru-
ment (pretest and posttest).

The TGMD-2 assesses gross motor functioning with 2
subtests: locomotor and object control.14 A total of 12
gross motor skills that usually are acquired by children in
preschool and early elementary grades are measured.
For each skill, there are 3 to 5 performance criteria, and
their observation leads to a raw score. A higher score
indicates a better quality of movement patterns. The
TGMD-2 provides age-related standardized scores for
each subtest, with a mean of 10 (SD�3). Both standard-
ized scores can be converted into a composite gross
motor quotient (GMQ), with a mean of 100 (SD�15).
The TGMD-2 possesses a high degree of reliability and
little test error.14 Interscorer reliability and stability-over-
time reliability coefficients varied between r �.88 and
r �.98 for both the locomotor and the object control
subtests and the GMQ. The SEM is 5 GMQ points for
children above the age of 5 years.14 In the present pilot
study, the TGMD-2 was added to the protocol because
this test evaluates how a skill is performed or the quality
of movement patterns responsible for the performance
outcome,20 rather than the product evaluated by the
M-ABC.

Protocol
Before treatment started, the researchers tested the
children with the M-ABC and the TGMD-2. The raters
received training to increase the reliability of test exam-
inations. They all recorded a test session on videotape.
The first author decided whether the motor assessments
were in line with the guidelines for test administration as
described in the manuals. The raters did not look into
files to find out whether the child had been tested before
or what the test scores had been. The M-ABC was
administered twice before treatment, first by the thera-
pist identifying the child with DCD and second by the
researchers during the pretest assessment. Through this
procedure, chances that improvement between the pre-
test and posttest M-ABC scores would be attributable to
test-retest effects were reduced.19 After 9 weekly half-
hour sessions of NTT, the researchers tested a child 1 to
2 weeks later (posttest assessment). Because physical
therapists in the Netherlands can apply for payment of
additional sessions after the first 9 sessions, a second
posttest assessment was conducted after 18 sessions if a
child received prolonged treatment.

The researchers videotaped one 30-minute session of
NTT for each child-therapist relationship. They made
the recordings after the child had received at least 6
sessions, so as to intrude as little as possible in the
treatment situation. By now, the child had become
acquainted with the therapist, the room, and the mate-
rial. In addition, the therapist had set goals for the
intervention. The therapists did not know what purpose
the videotape recordings were to serve; they knew only
that the researchers wanted to know more about what
was actually practiced during the sessions. The research-
ers who had developed the MTPT analyzed the video-
tapes. To obtain the most consistent judgment over
different videotapes, we used the MTPT frequencies
from the researcher with the highest test-retest reliability
(Cohen kappa values were .69–.79 for “giving instruc-
tion,” .81–.85 for “sharing knowledge,” and .66–.99 for
“providing or asking for feedback”; the interrater reli-
ability was .60–.77).

Data Analysis
In this study, t tests were used for M-ABC and TGMD-2
data from all 19 children seen on 2 test occasions, and
repeated-measures analyses of variance were used for
data from 13 children tested 3 times (SPSS version 11*).
To examine the degree to which the applied motor
teaching principles (with often-skewed distributions)
were associated with positive treatment effects, we ana-
lyzed the data in 2 ways: difference scores (children’s
posttest minus pretest scores) were calculated, as this is
the most straightforward method for measuring change,21

and these scores were nonparametrically (Spearman
rank) correlated with MTPT frequencies (SPSS version
11); and the change over time was modeled between and
within children.22 For this latter approach, at least 3
measurement occasions are needed; these were available
for our data from 13 of 19 children. Simple multilevel
regression analyses (MLwiN 1.1†) were performed on all
of the available data (51 measurement occasions for 19
children; the “missing” 6 occasions were not a problem)
to investigate a linear effect of the MTPT variables on
M-ABC or TGMD-2 over time, with the child’s age as a
covariate. We standardized the regression weights:
[SD(x)/SD(y)] � regression weight.23 Motor learning
on the M-ABC was enhanced when a negative association
was found. For the TGMD-2, however, the same was true
when a positive association was found. Because of our
small sample size and multiple tests for significance, the
alpha level was set at .05.

* SPSS Inc, 233 S Wacker Dr, Chicago, IL 60606.
† Centre for Multilevel Modelling, University of Bristol, 35 Berkely Square,
Bristol, BS8 1JA United Kingdom.
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Results
Table 3 shows the children’s mean pretest and posttest
scores on the M-ABC and the TGMD-2. A statistically
significant improvement between pretest and posttest
scores was found. No statistical difference was found
between pretest or first posttest scores for children who
did (n�13) or children who did not (n�6) receive
additional sessions. Post hoc analyses of the group of 13
children tested 3 times showed that improvement was
statistically significant between the first and second
measurement occasions (M-ABC: t12�2.58, P�.02;
TGMD-2: t12� –3.46, P�.05) but not between the second
and third test occasions. At the individual level, we found
that 7 of the 19 children showed changes that exceeded
the LDD (1.96��2�SEM) on the M-ABC and that 9
showed an improvement of 1 LDD or more on the
TGMD-2.

Tables 4, 5, and 6 show means and standard deviations
for individual principles within the 3 MTPT categories
that were provided in 30-minute NTT intervention ses-
sions. These tables show how frequently therapists gave
information on what to do (giving instruction), talked
about movement tasks and execution of motor tasks
before or during the execution of a movement (sharing

knowledge), and provided feedback or asked the child
to give feedback.

Tables 4, 5, and 6 also show the different measures of
association between the categories of teaching principles
within the MTPT and the children’s changes on the
M-ABC and the TGMD-2. The 95% confidence intervals
of the Spearman rank correlations were broad. For
example, “giving clues” was associated with improvement
on the TGMD-2 after 9 sessions (n�19, r �.52, 95%
confidence interval�.10–.79, P�.01).

Discussion and Conclusion
The aim of this pilot study was to examine whether
different types of teaching principles used by physical
therapists were associated with therapeutic effectiveness.
On both motor tests, performance improved more than
1 standard deviation for the treated group as a whole,
and about one third of the children showed an improve-
ment of 1 LDD or more. The mean M-ABC score
improved from a score at the 1st percentile (very poor)
to a score representing the 15th percentile (boundary
with normal range). The mean TGMD-2 score improved
from a score at the 2nd percentile (poor) to a score
representing the 10th percentile (below average).

Table 4.
Mean Number of Times That Teaching Principles of the Motor Teaching Principles Taxonomy (MTPT) Category of “Giving Instruction” Were Used
and Data Analysesa

Principle X (SD)

M-ABC TGMD-2

rs for 2�1
(n�19)

rs for 3�1
(n�13) ML

rs for 2�1
(n�19)

rs for 3�1
(n�13) ML

Total instructions given 37.7 (11.0) �.17 �.08 �.04 .16 .27 .17b

Give commands 18.8 (8.2) �.03 �.18 �.13 .13 .24 .19
Demonstrate 3.4 (3.9) �.11 �.02 �.18 �.17 .04 .05
Give clues 12.7 (5.6) .34 .46 .10 .52b .46b .37b

Adjust body position 2.8 (5.1) �.09 �.48b �.34b �.15 �.02 �.12

a M-ABC�Movement Assessment Battery for Children, TGMD-2�Second Edition of the Test of Gross Motor Development, ML�multilevel regression weight,
2�1�posttest score minus pretest score, 3�1�second posttest score minus pretest score.
b Significantly associated with improvement (P�.05).

Table 3.
Scores on the Movement Assessment Battery for Children (M-ABC) and the Second Edition of the Test of Gross Motor Development (TGMD-2) for
the Entire Group (n�19) and for the Subgroup (n�13) That Received 18 Sessions of Neuromotor Task Training (NTT)

Test

X�SD Score Paired-Samples
t-Test Value or
Repeated Measures
F Value (P)

Pretest
Before NTT
(Test 1)

Test 2�
Test 1

Posttest After
9 Sessions
(Test 2)

Test 3�
Test 1

Posttest After
18 Sessions
(Test 3)

M-ABC
Entire group 16.4�5.3 �5.3�7.7 11.0�7.8 t18�3.0 (.007)
NTT subgroup 16.6�6.1 �5.5�7.6 11.1�8.8 �6.7�4.0 10.0�6.2 F2,11�18.4 (.001)

TGMD-2
Entire group 73.5�11.9 9.6�10.7 83.1�8.9 t18��3.9 (.001)
NTT group 70.2�12.2 10.1�10.6 80.4�7.5 10.4�10.3 80.6�7.7 F2,11�6.4 (.014)
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Although we detected statistically significant differences
in response to treatment, we have no data to assist with
the interpretation of the clinical meaningfulness of
these changes. Nonetheless, 2 methods of investigating
the relationship between teaching principles and
changes with intervention determined that 4 principles
were associated with improved performance on the
TGMD-2 (giving clues, explaining why, providing
rhythm, and asking about understanding) and that 2
principles were associated with improved performance
on the M-ABC (adjusting body position and explaining
why).

Two principles associated with treatment effects were
categorized as “giving instruction” in the MTPT: giving
clues and adjusting body position. Therapists gave clues,
that is, instructions that provided useful and important
information about the motor task. Most of the instruc-

tional clues were aimed at improving the quality of
motor patterns, such as “can you try to bend your knees
when you jump?” This factor makes the TGMD-2 sensi-
tive to therapeutic success by using the teaching princi-
ple of giving clues. The M-ABC assesses motor compe-
tence through the time a child needs to execute a
movement or the accuracy of the child’s movements.
These outcome aspects of movement execution are not
necessarily improved when children have to focus on the
quality of their movement performance.24 The present
findings indicate that motor patterns improve if children
receive clues about how to perform a movement.
Schmidt and Lee6 reported that giving clues is one of the
best ways to instruct a skill, as opposed to commands
such as “do your best” (instructions with a general goal),
because giving clues focuses an individual’s activities and
serves as a reference against which achievement can be
compared. However, Wulf and Weigelt24 showed that

Table 5.
Mean Number of Times That Teaching Principles of the Motor Teaching Principles Taxonomy (MTPT) Category of “Sharing Knowledge” Were
Used and Data Analysesa

Principle X (SD)

M-ABC TGMD-2

rs for 2�1
(n�19)

rs for 3�1
(n�13) ML

rs for 2�1
(n�19)

rs for 3�1
(n�13) ML

Total shared knowledge 22.4 (10.6) .16 �.16 .02 �.34 .18 .21
Explain why 3.2 (3.5) �.21 �.46b �.26b .02 .46b .23b

Revert to earlier trials 2.7 (2.9) �.09 �.51b �.05 �.23 �.02 �.10
Tell what is being done 2.3 (2.3) �.01 �.25 �.11 �.25 .10 �.14
Provide rhythm or timing 0.16 (0.4) .03 .08 .20 .16 .46b .30b

Explain difficulty 2.8 (2.6) .21 �.01 .06 �.13 .30 .016
Ask about difficulty 1.5 (2.0) .19 .10 .10 �.25 �.01 �.08
Ask about understanding 0.4 (0.7) .05 �.04 .07 �.15 .59b .23b

Ask about attainability 3.3 (3.1) .41 .30 .23 .12 .52b .16
Ask about movement execution of a task 6.0 (5.6) .29 .006 .08 �.21 �.23 �.21

a M-ABC�Movement Assessment Battery for Children, TGMD-2�Second Edition of the Test of Gross Motor Development, ML�multilevel regression weight,
2�1�posttest score minus pretest score, 3�1�second posttest score minus pretest score.
b Significantly associated with improvement (P�.05).

Table 6.
Mean Number of Times That Teaching Principles of the Motor Teaching Principles Taxonomy (MTPT) Category of “Providing or Asking for
Feedback” Were Used and Data Analysesa

Principle X (SD)

M-ABC TGMD-2

rs for 2�1
(n�19)

rs for 3�1
(n�13) ML

rs for 2�1
(n�19)

rs for 3�1
(n�13) ML

Total amount of feedback 23.1 (10.1) �.07 �.04 �.11 �.26 �.01 �.05
Tell what was done right 2.5 (2.3) �.22 .08 �.25 �.21 �.07 .23
Tell what was done wrong 2.2 (2.9) �.16 .13 .03 .17 .34 .18
Tell results neutrally 3.2 (3.3) �.34 .09 �.28b �.26 �.03 �.10
Tell positive results 7.6 (3.8) �.11 �.26 �.16 �.15 .14 �.01
Tell negative results 1.9 (1.5) .18 �.02 .02 �.23 �.33 �.15
Ask opinion of performance 3.4 (3.8) .16 .11 �.02 �.29 �.28 �.27
Ask opinion of results 2.4 (2.4) .24 �.51b �.17 �.51 �.46 �.15

a M-ABC�Movement Assessment Battery for Children, TGMD-2�Second Edition of the Test of Gross Motor Development, ML�multilevel regression weight,
2�1�posttest score minus pretest score, 3�1�second posttest score minus pretest score.
b Significantly associated with improvement (P�.05).
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giving body-related instructions to adults degraded their
learning of a ski simulation task compared to giving no
instructions. For motor learning in adults, providing an
external focus of attention, such as a cue, is thought to
be beneficial in terms of both outcome of movement
performance and movement patterns.25,26 Shea and
Wulf26 theorized that it is probably better to perform a
movement without being too concerned about the body
movements, as conscious control may interfere with
control processes that would otherwise regulate the
movement automatically. It is unclear whether the chil-
dren with DCD in this study needed clues as cues
because their motor learning processes were not auto-
matically regulated or whether they needed cues to help
them focus on a specific aspect of the task instead of on
all aspects at the same time (eg, internal or external,
visual, or kinesthetic). Nevertheless, the present findings
may confirm the idea that children with DCD need
formal instruction on how to perform a task. The quality
of their movement patterns was higher when they
received more verbal clues about how to perform a task.

Another instructional principle found to be significantly
associated with improvement was adjusting body posi-
tion to make a desired action possible. For example,
when the child prepares for a writing task, the therapist
puts the child’s arm in a “correct” position without
explanation. With this action, the therapist physically
guides the child. Theoretically, there are opposing views
as to whether or not guidance should be effective in
producing learning of the main task.6 Guidance can
prevent making errors and can have positive effects on
the task learned. However, it also can prevent the learner
from learning from errors; therefore, transfer of learn-
ing may not be as effective when practicing with guid-
ance as when practicing without guidance. In the
present pilot study, physical therapists guided the chil-
dren through tasks other than those assessed during the
posttest assessments. Therefore, the results indicate that
guidance in the form of correcting posture may have
positive effects on children with DCD.

Three principles in the category of “sharing knowledge”
were found to be statistically significant: explaining why
it is better to execute a movement in a certain way,
providing rhythm or timing, and asking whether the
child understands the movement task. In another prom-
ising treatment approach, the cognitive orientation to
daily occupational performance (CO-OP), emphasis is
placed on teaching children to plan and evaluate their
own movements.3,27 Mandich et al,28 who performed
in-depth videotape analyses of CO-OP, found that many
children with DCD lacked an understanding of the
motor requirements of a task. They interpreted the
therapists’ provision of this knowledge as a prerequisite
for the use of the cognitive strategies of CO-OP. Their

observations and the results of the present pilot study
indicate that talking (sharing knowledge) about motor
tasks or movement execution with a child with DCD
enhances the child’s motor performance.

Although this study was a pilot study, we were able to
detect some statistically significant associations. How-
ever, it is important to realize that the power to find
significant correlations with a clinically relevant medium
effect size (�.30) was only .36 with 19 participants and
only .26 with 13 participants.29 To detect a medium
effect size with a power of .80 (one-tailed alpha level set
at .05), information would be needed on treatment
effects and teaching principles used in 68 children.29

Therefore, the present results only show that children
who were taught through the teaching principles iden-
tified in this study were more likely to improve their
motor performance, that is, to show more treatment
success, than others.

Two methods were used to analyze our data. Although
the use of difference scores has been debated,22 they
were used in the present study because they are the most
straightforward measures of change. The disadvantage
of using difference scores is the unreliability of the
measured scores, as these are never the true scores, and
the measurement error is compounded. This unreliabil-
ity makes it difficult to detect effects statistically. Another
disadvantage is their relationship to initial status. As is
often seen, people with the poorest performance
improve the most.21 This tendency also was found in the
present study, although 2 children who performed very
poorly did not benefit more from treatment than others.
Nevertheless, the same pattern of results was found with
separate multilevel analyses used to model the change
over time between and within children on each of the
performance tests. Although we restricted ourselves to
possibly too simple multilevel analyses, without exploit-
ing other possibilities, such as random effects or model
selection, for which we believed the data were insuffi-
cient, we were encouraged by the similarity of the results
obtained by the 2 different methods.

Further research with more participants is necessary to
determine whether the nonsignificant findings resulted
from low power. Because participation takes time that
some children and parents lack, multiple measurement
occasions are needed for more children to model the
change over time in a more powerful way. Because it is of
clinical importance, more insight also should be gained
with regard to how the change in motor abilities influ-
ences the participation of children with DCD in, for
example, activities at recess in the school yard. In
addition, more research is needed to obtain information
on how physical therapists use teaching principles dur-
ing subsequent sessions. A limitation of the present study
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design is that it does not provide evidence for a causal
role of teaching principles in therapeutic success. The
teaching principles used in this study were not randomly
assigned to the children; therefore, we cannot rule out
the possibility that certain child characteristics, such as
hyperactivity or introversion, influenced the tutoring
style of the therapists. In future studies, we would like to
assign children randomly to a few different therapists to
determine to what extent the use of teaching principles
is therapist related or results from the interaction with
the child.

Although this pilot study has limitations, physical thera-
pists may benefit from the results, as the results may raise
their awareness and provide insight on how to influence
motor learning in children with DCD. Still, caution is
warranted because the study was based on a small sample
size (resulting in low power to find significant associa-
tions), broad age ranges, and information on physical
therapists’ teaching principles during middle practice
sessions only. The results suggest what many people
already knew intuitively: children with DCD need formal
instruction.
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