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AIM The aim of this cross-sectional study was to provide normative data for motor
proficiency (motor performance and contralateral associated movements [CAMs]) in typically
developing children between 3 years and 18 years of age using an updated version of the

Zurich Neuromotor Assessment (ZNA-2).

ABBREVIATIONS

CAMs Contralateral associated
movements

DCD Developmental coordination
disorder

/NA-2 Zurich Neuromotor Assessment,
Second Edition
ZNA Zurich Neuromotor Assessment

METHOD Six-hundred and sixteen typically developing children between 3 years and 18 years
of age were enrolled from day-care centres, kindergartens, and schools, and were tested
using the ZNA-2 with improved items of the original battery. Motor proficiency was assessed
on five components (fine motor tasks, pure motor tasks, static balance, dynamic balance, and
CAMs) as a function of age and sex to determine centile curves for each task. Intraobserver,
interobserver, and test-retest reliabilities were evaluated.

RESULTS Most ZNA-2 tasks featured a marked developmental trend and substantial
interindividual variability. Test-retest reliability was generally high (e.g. static balance 0.67;
CAMs 0.81; and total scores 0.84).

INTERPRETATION The ZNA-2 is a reliable and updated test instrument to measure motor
proficiency in children from 3 to 18 years with improved properties for assessing motor
performance. It allows continuous measurement without changing items for the entire age
range; this feature of the ZNA-2 is unique and makes the instrument suitable for clinical
purposes. The reduction of CAMs scoring simplifies the clinical procedure and increases its

reliability.

In 2001, the Zurich Neuromotor Assessment (ZINA) was
presented in this journal to describe the developmental
course and interindividual variation for timed performance
and the quality of movements (intensity of contralateral
associated movements [CAMs]) for a set of motor tasks of
variable complexity in typically developing children
between 5 years and 18 years."> This test battery has since
been successfully used both in clinical and in research set-
tings and to address specific questions related to motor
development in infants and adolescents.’

However, this long experience with the ZNA showed
that there was room for improvement. As in other compa-
rable test batteries, some tasks were changed between age
bands, thus preventing continuous evaluation and compar-
ison between ages.®® This was especially true for static
and dynamic balance; several tasks were used for this over
the entire age range. Furthermore, only a few tasks related
to fine motor abilities as well as static and dynamic balance
were included in the original battery, and these were then
varied to comprehensively assess underlying functions in a
differentiated way. Additionally, the assessment of
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movement quality by scoring CAMs was time-consuming,
and the reliability of such scoring was not proportionate to
the effort that it involved.” Finally, assessment of motor
proficiency in children below the age of 5 years was only
possible with another version of the test battery,'® which
contained substantially different tasks from the original
ZNA.

Thus, we developed a revised version of the ZNA, the
ZNA-2, to address the main shortcomings of the original
test battery. Our aim was to develop a unified test which
reliably describes the variability and evolution of motor
proficiency in typically developing children continuously
from 3 to 18 years. Unlike the previous ZNA and other
test batteries, the ZNA-2 now incorporates tasks whose
definition remains strictly identical throughout the entire
age range. Only the number of repetitions of a task is var-
ied to accommodate increased motor proficiency with age;
the tasks themselves remain unchanged. Moreover, unlike
tests that quantify motor proficiency by comparing the
motor performance of a child with that of peers in the
same age group — thus averaging the performance of
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children of possibly different ages®® — the ZNA-2 models
motor proficiency as a continuous function of age. Such
modelling allows the comparison of the motor perfor-
mance of a child with that of peers of exactly the same
age. Normative data may then be used in the clinical set-
ting to assess motor proficiency of children and identify
those with motor difficulties.

In fact, motor problems frequently occur during child-
hood. For example, about 5% to 6% of all children are
estimated to suffer from developmental coordination disor-
der (DCD).'"'? The European Academy for Childhood
Disability stresses using a reliable, valid, standardized, and
norm-referenced motor test to determine the extent of the
movement problems of children.”> According to these
guidelines, the acquisition and execution of motor skills
must be substantially below the expected level given the
individual’s chronological age and sufficient opportunities
to acquire motor skills."* A comparison of the ZNA with
the Movement Assessment Battery for Children, Second
Edition (a classic motor instrument for the diagnosis of
DCD) has been provided for children with DCD from 5
to 7 years, indicating that the ZNA can also be used for
the identification of DCD.!* However, unlike the Move-
ment Assessment Battery for Children, Second Edition,
which quantifies motor skills, the ZNA focuses on motor
abilities, a concept that more directly reflects the child’s
neurological development.'%'?

The greatest challenge to provide normative measures
for all ages was to integrate the data of the children who
were not yet able to do the tasks because of their age. To
overcome this disadvantage, a variant of the poor man’s
data augmentation algorithm was used'® which integrates
missing data into the estimation of the outcome model."”
In this way, we were able to take account of the high vari-
ability in motor proficiency in children younger than 6
years and to provide normative measures even for 3-year-
olds.

Furthermore, the ZNA-2 was slightly simplified to
improve its feasibility in clinical practice. Some tasks were
dropped, and new ones were incorporated to increase the
test—retest reliability of components. The aim of the cur-
rent study was to present a new ZNA battery that continu-
ously and reliably describes motor proficiency in typically
developing children and adolescents from 3 to 18 years.

METHOD

Participants

A total of 616 children (304 males, 312 females) between
the ages of 3 years and 18 years participated in this cross-
sectional study (see Table I for sample characteristics).
They were enrolled from day-care centres, kindergartens,
and primary, secondary, and vocational schools in the
greater Zurich area. Children with evident medical or
behavioural conditions (e.g. physically/mentally challenged)
were excluded from the analysis. All the children lived in
the Zurich area and together constituted a representative
sample of the general population of typically developing

What this paper adds

e The Zurich Neuromotor Assessment, Second Edition (ZNA-2) provides new
norms for motor proficiency in children between 3 years and 18 years.

® High reliabilities suggest that the revised test battery is a useful tool for
assessing neuromotor development.

® |ntegration of a ‘not able to perform’ category makes the ZNA-2 suitable for
clinical purposes.

children. In Switzerland, 25% of the population is of for-
eign extraction. Although most of our data sample were
white, we did not identify the racial or ethnic backgrounds
of the children for ethical reasons; neither did we ask
whether they were foreigners or not. Special attention was
given to sampling from districts with low, medium, and
high socio-economic backgrounds. The study was
approved by the institutional review board of the Canton
of Zurich (KEK-ZH-Nr StV-40/07) and performed
according to the Declaration of Helsinki. All families
received a study description and provided written informed
consent.

Test battery

The original ZNA is a standardized procedure that was
specifically designed to describe neuromotor development
in children from § to 18 years of age."*’ Motor profi-
ciency is measured on five components: fine motor tasks,
pure motor tasks, dynamic balance, static balance, and
movement quality (CAMs). The assessment of motor profi-
ciency was later extended to children between 3 years and
5 years of age using a customized version of the test.'?

In the updated version of the ZNA, the ZNA-2, we used
essentially the same items and components as in the origi-
nal.” To take account of improvements with age in perfor-
mance of fine motor tasks, static balance, and dynamic
balance tasks, the original ZNA changed the difficulty of
the tasks over age. These changes made comparisons
between age groups and longitudinal evaluations difficult.
Our aim with the ZNA-2 was to apply essentially the same
motor test for all ages. Weaker performance in younger
children was adjusted for by reducing the number of repe-
titions for children between 3 years and 6 years (Table II).

Items were added to the test for all children. For fine
motor tasks,'’ a turning bolt and stringing beads (biman-
ual) task were added. The static balance component now
consists of a one-leg stand with eyes open and another
with eyes closed for all age groups. In the dynamic balance

Table I: Study population and median age at testing

Median age
Age range (y:mo) at testing Females Males All
(y:mo) (interquartile range) (n) (n) (n)
All ages 7:9 (6:7) 312 304 616
3:0-5:11 4:4 (1:3) 113 103 216
6:0-8:11 7:1(1:1) 59 61 120
9:0-11:11 10:2 (1:3) 72 64 136
12:0-14:11 13:6 (1:11) 26 26 52
15:0-17:11 16:0 (1:3) 42 50 92
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Table II: The Zurich Neuromotor Assessment, Second Edition

36y 6-18y
Fine motor tasks Pegboard (+CAMs) 1try (s), D, ND 1try (s), D, ND
Bolts (+CAMs) 1 try (s), D, ND 1try (s), D, ND
Beads 1try (s) 1try (s)

Pure motor tasks

Static balance

Dynamic balance

Repetitive movements

Alternating movements

Sequential movements

Standing on one leg (eyes open)
Standing on one leg (eyes closed)
Jumping sidewards

Chair-rise

Standing long jump

Fingers
Hand
Foot

Hand (pro-/supination)

(+CAMs)

Foot (heel-toe alternation)

(+CAMs)
Fingers (+CAMs)

10 times (s), D, ND
10 times (s), D, ND
10 times (s), D, ND
5 times (s), D, ND

5 times (s), D, ND

2 times (s), D, ND
2 tries (s), D, ND

2 tries (s), D, ND

10 times (s)

5 times (s)

2 tries, distance (m)

20 times (s), D, ND
20 times (s), D, ND
20 times (s), D, ND
10 times (s), D, ND

10 times (s), D, ND

5 times (s), D, ND
2 tries (s), D, ND

2 tries(s), D, ND

20 times (s)

10 times (s)

2 tries, distance (m)

New items are set in bold type; differences in the number of repetitions are indicated in the table. CAMs, contralateral associated move-
ments; s, seconds; D, dominant hand; ND, non-dominant hand; m, metres.

component, the two sideward jumping tasks are reduced to
one, but they are adapted to all ages and supplemented by
a chair-rise task and a standing long-jump task.

An overview of all items and the times in which the chil-
dren had to perform the exercise is provided in Table II.
Items newly added to the previous version of the ZNA are
indicated in bold type. For an exact description of the
items, see Appendix S1 (online supporting information).
Time and distance are always measured to an accuracy of
one decimal place. Total time allowed to perform the test
is between 20 minutes and 30 minutes, depending on the
motor proficiency of the child. Components in the ZNA-2
were defined as they had been in the original ZNA. Fur-
thermore, two total scores summarizing the motor perfor-
mance across all components are calculated (with and

without CAMs) in the ZNA-2.

Socio-economic status

Socio-economic status is calculated by coding the occupa-
tional status of both parents and transforming this into an
International Socio-Economic Index value.'” The maximal
socio-economic status is then determined by the selection
of the highest of the maternal and paternal International
Socio-Economic Index values. In our trials, the mean Index
value of the mothers was 55 (SD 20.7; range 16-89) and of
the fathers 57 (SD 19.9; range 10-89), comparable to the
earlier cohort'” and to the general population of Switzer-
land, which has a mean score of 55 and standard deviation

of 17.18

Procedure

Participants were tested in their own day-care centre,
kindergarten, or school and recorded individually on digi-
tal video. Examiners were experienced ZNA testers who
had all been trained by THK and JC. In total, five people
were trained for the ZNA-2 assessment; all testing and
scoring were supervised by THK and JC. Tests always
took place individually in a separate room. Before testing
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began, children were measured for height and weight. All
tasks were performed in the same order by all children.
First, the child performed all exercises on the table (fine
motor tasks), then the child sat on a height-adjustable chair
for the repetitive, alternating, and sequential movements
(pure motor tasks). Then, static balance and dynamic bal-
ance were tested (Fig. 1). The examiner explained verbally
and demonstrated how to perform the tasks. If the child
did not understand the task and did something different, a
repeat demonstration was provided. If they failed again,
the examiner scored the task as ‘failed’ and continued with
another item. Total administraton time of the test
was about 25 minutes. CAMs during pure motor and
fine motor tasks were scored subsequently from video
recordings.

Interobserver reliability was assessed on 20 children
tested by two examiners (THK and SE). Intraobserver reli-
ability was assessed by SE, who retested 20 video record-
ings 1 vyear after their first assessment. Test—retest
reliability was assessed by EK and SE, who together tested
105 children twice with exactly 1 week between tests. For
example, a child who was tested on a Monday was retested
1 week later, also on a Monday, at approximately the same
time of day. No individual child participated in more than
one reliability measurement. The video recordings used to
estimate interobserver and intraobserver reliability were
chosen randomly. For the testretest reliability, we
approached three schools and two child-care centres.

Statistical analysis

Data from the dominant and non-dominant hands were
modelled separately. Age was treated as a continuous vari-
able as it covered the whole interval between 3 years and
18 years (Fig. 2 and Table I). For a given task j, the motor
performance y; of child 7 was measured as the duration (in
seconds) needed for that child to complete the task, with
the exception of standing long jump; in this case, y;
referred to the distance in centimetres over which the child



Sequential finger
movements

Pegboard

Standing on one leg
(with eyes opened)

Contralateral
associated movements

Jumping
sidewards

Figure 1: Example of starting positions for one task of every component. From left to right: pegboard task, sequential finger movements, one-leg stand

with eyes open, jumping sidewards, and contralateral associated movements (in dashed single circle) during the pegboard and sequential movements

tasks. [Colour figure can be viewed at wileyonlinelibrary.com].

was able to jump. The duration d;€{0; 1; 2; ...; 10} and
extent e;c{0; 1; 2; 3} of CAMs measured on the opposite
hand from that used to perform task j were combined into
an index w;; = [4171»]-(3,7—0.5)]1/2 called the intensity of CAMs."”
This index contains 24 values ranging from 0 (no CAMs)
to 5 (maximum number of CAMs), with the square root
being used to make w;; approximately normal. The motor
performance y; and the intensity of CAMs w;; were mod-
elled as a function of age and sex using the LMS method,*®
implemented in the framework of generalized additive
models for location, scale, and shape.”' This framework
allows the flexible modelling of the mean, variance, and
possible skewness of the outcomes y; and wj;; as smooth
functions of covariates, which in turn allows the calculation
of centile curves.

Floor and ceiling effects induced by those children
achieving the minimal value of 0 or the maximal value of 5
for the intensity of CAMs were treated as left-censored or
right-censored observations respectively, as done when
modelling ZNA.'? Similarly, children younger than 6 years
who were not able to perform a given task — a situation
that mostly occurred during alternating and sequential
movements and jumping sidewards — were treated as right-
censored observations for tmed performance (see
Appendix S2 for more details [online supporting informa-
tion]) and as missing observations for intensity of CAMs.
To fit such models, an approach equivalent to the poor
man’s data augmentation algorithm was used.'®

For any given task, the model for centile curves was used
to convert the motor performance or intensity of CAMs of
a child into a standard deviation (SD) score. An SD score
(also called z-score) is a continuous and standardized mea-
sure of motor performance (adjusted for age and sex) that
is normally distributed in the population of typically devel-
oping children with a mean of 0 and an SD of 1. An SD
score of 0 refers to average performance, and positive and

negative values refer to above-average and below-average
performances respectively. For a given child, the SD scores
calculated on individual items belonging to the same com-
ponent were then summed (and standardized to have an
SD of 1) to calculate an SD score for that component.
The two total scores were calculated in a similar fashion
using a standardized sum of SD score values from the indi-
vidual components after either including or excluding
CAMs.

The interobserver, intraobserver, and test-retest reliabil-
ities for individual tasks and components were estimated
using the intraclass correlation coefficient.”” As when
assessing the reliability of ZNA,'* and as recommended,*’
the systematic error (i.e. bias) between two SD score values
measured on the same child was penalized when quantify-
ing interobserver and intraobserver reliability, but it was
not penalized when investigating test—retest reliability.
More details on the statistical procedure are given in
Appendix S2 (online supporting information).

RESULTS

Developmental course and interindividual variation
Centile curves for motor performance and CAMs for a
selection of tasks are presented in Figures 2 to 5. A strong
increase in speed could be observed for the pegboard task
until about age 10, with females remaining slightly faster
than males at all ages (Fig. 2a). However, the decrease in
CAMs seemed more continuous and spread over a longer
age period, with fewer CAMs seen in females than in males
of the same age (Fig. 2b). We observed a moderate but
continuous increase in speed of alternating movements of
the hands over age, with a shift after 6 years resulting from
children being required to perform twice the number of
movements (Fig. 3a). The intensity of CAMs seemed stable
up to the age of 10 years, after which it quickly decreased,
with females consistently showing fewer CAMs than males

Updated Zurich Neuromotor Assessment Tanja H Kakebeeke et al. 813
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Figure 2: Centile curves (a) of timed performance for the pegboard task for the dominant hand (b) for the intensity of the contralateral associated
movements of the non-dominant hand occurring at the same time. CAMs, contralateral associated movements.

(Fig. 3b). The time over which a child could stand on one
leg with eyes opened (Fig. 4a) increased quickly; half of
the females reached the upper threshold of 30 seconds at
6-years-old, while half of the males required approximately
an additional year to reach the same threshold. This task
differentiates well between younger children but appears to
be too easy for older children. Therefore, the same test
performed with eyes closed was introduced to allow better
differentiation of older children and adolescents (Fig. 4b).
With the new, eyes-closed test, the improvement over age
was less marked, but the variability was clearly apparent up
to the age of 18, with females performing better than
males of the same age. The combination of these two tasks
is therefore a very useful addition to the ZNA-2. When
the curves for the standing long jump were examined
(Fig. 5a), a stagnation of the distances jumped by females
became clearly apparent after age 10 to 11 years. The 10%
weakest males jumped just as far as 50% of the females.
Finally, the time required to jump sidewards (Fig. 5b)

814  Developmental Medicine & Child Neurology 2018, 60: 810-819

decreased with age before flattening out around age 13,
with no difference seen between males and females. Note
that large proportions of children below 6-years-old were
not able to perform this task (99%, 90%, and 43% of fail-
ure at ages 3 years, 4 years, and 5 years respectively). Con-
sequently, centile curves are plotted only up to the right-
censoring threshold, above which the time of those chil-
dren unable to perform is expected to lie.

Reliability

Intraobserver, interobserver, and test-retest reliability of all
tasks are provided in Table III. Interobserver and intraob-
server reliabilities were estimated from the data on 20 chil-
dren while test—retest reliability was estimated from the
data on 105 children (from 3-18y). For the individual
tasks, test-retest reliability varied considerably, from 0.33
to 0.73, while interobserver reliability varied from 0.72 to
1.00 and intraobserver reliability was at least 0.96. Results
on components were much better; test—retest reliability
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Figure 3: Centile curves (a) of timed performance for the alternating movements of the dominant hand and (b) for the intensity of the contralateral

associated movements of the non-dominant hand occurring at the same time. Because some young children are not able to perform alternating hand

movements, centile curves in (a) are plotted only for times falling below the right-censoring threshold (above which the time of those children unable

to perform is supposed to lie). CAMs, contralateral associated movements.

ranged between 0.67 and 0.84, interobserver reliability was
equal to or greater than 0.92, and intraobserver reliability
was consistently estimated at 1.00. In particular, the test-
retest reliability of the two total scores was remarkably

high at 0.84.

DISCUSSION

In this paper, we provide new norms for the updated ver-
sion of the ZNA, the ZNA-2. New normative data for
motor proficiency in typically developing children were
required, and 20 years’ experience had highlighted some
problematic test items that needed to be replaced. In line
with other updated versions of motor tests,"® we also
adapted our test to the most recent requirements for reli-
able motor testing. The norms that we present here enable
us to show that interindividual variation is still a major fea-
ture among typically developing young children. The new

norms now include children between 3 years and 5 years,
an age range known for its fluctuations in motor beha-
viour. In addition, we had to deal with the fact that not all
young children are able to perform some of the more com-
plex coordinative tasks, such as sequential finger move-
ments. Our statistical modelling approach allows the
integration into the normative data of those items that
could not be performed by all children.'® Now, nearly all
test items remain the same from 3 years up to 18 years;
this unique feature of the ZNA-2 allows the comparison of
younger and older children on the same test and, thus,
makes the instrument ideal for research purposes. It also
enables us to distinguish children with delayed or aberrant
motor development from those whose motor development
is typical.

In fact, early identification of children with motor disor-
ders is recommended by the clinical community, because

Updated Zurich Neuromotor Assessment Tanja H Kakebeeke et al. 815
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Figure 4: Centile curves of timed performance for static balance for the dominant leg, eyes (a) open and (b) closed.

aberrant motor development is considered to have a major
impact on psychological, emotional, and cognitive develop-
ment.”* As the ZNA-2 focuses on the general traits or
capacities of the child that underlie its motor proficiency,
it may be most suitable for identifying motor disorders
such as DCD (although validity studies still need to be
done). In the ZNA-2, most of the tasks are not influenced
by practice beforehand. The test is close to a ‘neurological’
test (and therefore called neuromotor) because the neuro-
logical prerequisites of the typically developing motor sys-
tem are assessed. Unlike the Movement Assessment Battery
for Children, Second Edition, the ZNA-2 does not mea-
sure proficiencies in motor skills that may be, for example,
practised during sports.

The validity of the data is demonstrated by the strong
link between motor proficiency and age on nearly all
items, which also highlights the test’s suitability for
describing typical neuromotor development. Although it
is generally known that children younger than 5 years
are less competitive, the ZNA-2 and its continuous items

816 Developmental Medicine & Child Neurology 2018, 60: 810-819

allow observation of improvement over age from as
young as 3-years-old. Preschool children are more vari-
able in their performance because of their emotional
immaturity. A small change in their daily routine may
have a strong impact on their current mood,” and these
mood changes clearly influence their motor performance.
However, we have been able to demonstrate the continu-
ity of data and improvement of motor performance from
3 to 18 years.

Although the previous version of the ZNA was used in
clinical populations such as children born preterm, children
with congenital heart disease or children with DCD,*!*%¢
the ZNA-2 has not yet been applied in these populations,
although it offers appropriate psychometric properties as a
motor test. We hope that others will examine test validity
for the identification of children with motor problems in
the future.

The ability of the instrument to provide an SD score for
children even when they are unable to perform the task is
a new feature of the ZNA-2 that can be valuable in the
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Figure 5: Centile curves (a) of distances jumped on the standing long jump (mean of two values) and (b) time required to jump sidewards. Because a

significant proportion of young children are not able to jump sidewards, centile curves in (b) are plotted only for times falling below the right-censoring
threshold (above which the time of those children unable to perform is supposed to lie).

clinical setting. This new feature of the ZNA-2 enables
practitioners to identify young children with motor prob-
lems so long as the proportion of task failures at any given
age remains reasonable. Indeed, when that proportion
grows too large (e.g. >50%), it becomes ‘normal’ for a
child to be unable to perform. Consequently, the ability of
the test to detect young children with motor disorders is
reduced, as for any other test. However, we note that,
except for the tasks ‘jumping sidewards and sequential fin-
ger movements’, the probability of failures at age 4 years
was always below 30%. Moreover, because of a moderate
test-retest reliability at the individual task level, motor dis-
orders are best detected at the component level, with a
component encompassing several tasks that the child is
capable of achieving.

Test-retest values in the ZNA were always the lowest
(interobserver and intraobserver values were always higher),
reflecting not only differences within observers but also

changes in the state of the participant.”> This instability in
mood may explain the lower values. However, the creation
of composite scores for our items, in which test parts are
grouped according to their nature, improved the reliability
of our test considerably.* Test-retest values for the five
components (fine motor tasks, pure motor tasks, static bal-
ance, dynamic balance, CAMs) varied between 0.67 and
0.84, while the test—retest reliability of the two total scores
was 0.84.

We replaced forward jumping in the dynamic balance
category by two new items that have proved to be more
reliable in other tests; they are used for tests in sports
(standing long jump)?” and in the elderly (chair-rise task).*®
The standing long jump, an Olympic discipline until 1912,
is used to test the muscular strength and power of the
lower body.”” The chair-rise task is designed to quantify
lower-extremity muscle strength too, but it is also suitable
for those participants who cannot hop.”® For children

Updated Zurich Neuromotor Assessment Tanja H Kakebeeke et al. 817



Table IlI: Intraobserver, interobserver, and test-retest reliabilities for the different tasks and components of the Zurich Neuromotor Assessment,

Second Edition

Reliability

Intraobserver (n=20)

Interobserver (n=20)

Test-retest (n=105)

Individual tasks
Pegboard (D)
CAMs (ND)
Pegboard (ND)
CAMs (D)
Bolts (D)
CAMs (ND)
Bolts (ND)
CAMs (D)
Beads
Repetitive foot movements (D)
Repetitive foot movements (ND)
Alternating foot movements (D)
CAMs (ND)
Alternating foot movements (ND)
CAMs (D)
Repetitive hand movements (D)
Repetitive hand movements (ND)
Alternating hand movements (D)
CAMs (ND)
Alternating hand movements (ND)
CAMs (D)
Repetitive finger movements (D)
Repetitive finger movements (ND)
Sequential finger movements (D)
CAMs (ND)
Sequential finger movements (ND)
CAMs (D)
Standing on one leg (eyes open) (D)
Standing on one leg (eyes open) (ND)
Standing on one leg (eyes closed) (D)
Standing on one leg (eyes closed) (ND)
Jumping sidewards
Chair-rise
Standing long jump
Components
Fine motor
Pure motor
Static balance
Dynamic balance
CAMs
Total score (excluding CAMs)
Total score (including CAMs)

1.00 (1.00; 1.00)
1.00 (0.99; 1.00)
1.00 (1.00; 1.00)
0.99 (0.99; 1.00)
1.00 (1.00; 1.00)
1.00 (0.99; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
0.99 (0.96; 0.99)
1.00 (1.00; 1.00)
1.00 (0.99; 1.00)
1.00 (1.00; 1.00)
1.00 (0.99; 1.00)
1.00 (1.00; 1.00)
0.99 (0.97; 0.99)
0.98 (0.95; 0.99)
1.00 (0.99; 1.00)
1.00 (0.99; 1.00)
0.99 (0.98; 1.00)
0.98 (0.95; 0.99)
0.96 (0.91; 0.99)
0.99 (0.97; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
0.99 (0.97; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
0.99 (0.99; 1.00)
1.00 (1.00; 1.00)
N/A

1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)

1.00 (1.00; 1.00)
0.94 (0.86; 0.98)
1.00 (1.00; 1.00)
0.91 (0.79; 0.96)
1.00 (0.99; 1.00)
0.92 (0.81; 0.97)
1.00 (0.99; 1.00)
0.91 (0.79; 0.96)
0.99 (0.97; 1.00)
0.84 (0.64; 0.93)
0.91 (0.79; 0.96)
0.98 (0.96; 0.99)
0.92 (0.81; 0.97)
0.99 (0.98; 1.00)
0.91 (0.79; 0.97)
0.74 (0.46; 0.89)
0.80 (0.56; 0.91)
0.98 (0.96; 0.99)
0.94 (0.84; 0.98)
0.98 (0.94; 0.99)
0.92 (0.79; 0.97)
0.74 (0.46; 0.89)
0.72 (0.42; 0.88)
0.99 (0.97; 1.00)
0.92 (0.79; 0.97)
1.00 (0.99; 1.00)
0.82 (0.58; 0.93)
0.99 (0.98; 1.00)
1.00 (0.99; 1.00)
0.96 (0.90; 0.98)
1.00 (1.00; 1.00)
0.99 (0.98; 1.00)
0.99 (0.97; 0.99)
N/A

1.00 (0.99; 1.00)
0.93 (0.83; 0.97)
0.99 (0.98; 1.00)
0.99 (0.99; 1.00)
0.92 (0.82; 0.97)
0.98 (0.94; 0.99)
0.97 (0.92; 0.99)

0.47 (0.31; 0.61)
0.63 (0.49; 0.73)
0.47 (0.30; 0.60)
0.63 (0.50; 0.73)
0.66 (0.54; 0.76)
0.68 (0.56; 0.77)
0.64 (0.51; 0.74)
0.68 (0.56; 0.77)
0.57 (0.43; 0.69)
0.49 (0.33; 0.62)
0.64 (0.51; 0.74)
0.63 (0.49; 0.73)
0.52 (0.36; 0.64)
0.63 (0.50; 0.73)
0.37 (0.19; 0.52)
0.54 (0.38; 0.66)
0.60 (0.47; 0.71)
0.61 (0.47; 0.71)
0.53 (0.38; 0.65)
0.67 (0.54; 0.76)
0.53 (0.37; 0.65)
0.59 (0.45; 0.70)
0.65 (0.52; 0.75)
0.68 (0.55; 0.77)
0.45 (0.28; 0.59)
0.67 (0.56; 0.77)
0.54 (0.38; 0.66)
0.48 (0.30; 0.60)
0.44 (0.27; 0.58)
0.33 (0.15; 0.49)
0.47 (0.31; 0.61)
0.68 (0.56; 0.77)
0.59 (0.44; 0.70)
0.73 (0.61; 0.80)

0.78 (0.70; 0.85)
0.84 (0.77; 0.89)
0.67 (0.54; 0.76)
0.78 (0.70; 0.85)
0.81 (0.73; 0.86)
0.84 (0.77; 0.89)
0.84 (0.78; 0.89)

The reliability is quantified using the intraclass correlation (with 95% confidence intervals in brackets). D, dominant hand; CAMs, contralat-
eral associated movements; ND, non-dominant hand; N/A, not applicable.

younger than 5 years, new tasks (turning bolts and thread-
ing beads) were added, and these are now integrated in the
ZNA-2 for all children. Through these additions, we
achieved a more challenging and reliable group of fine
motor tasks.

The quantification of the duration and extent of CAMs,
and therefore their intensity, is less objective than a time
or distance measurement. Further, the decrease in CAMs
with age is not the same for all items. Finally, CAMs are
nearly non-existent in older children, thus creating a floor
effect and causing unreliable test-retest measures. The
CAMs component to be scored during some fine motor
and pure motor tasks improved considerably on the earlier
version of this component in the ZNA: test—retest reliabil-
ity went from 0.66 to 0.81.* Additionally, when the CAMs
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are integrated in a summary score, test-retest reliability
remains stable, with an intraclass correlation coefficient of
0.84.

In conclusion, the ZNA-2 provides new norm data for
neuromotor development in children from 3 to 18 years of
age. The ZNA-2 is able to grasp the large interindividual
variation in motor proficiency. Children with superior
motor performance and those with motor problems such
as DCD may be detected. However, future studies should
now be performed to examine its validity in clinical popu-
lations.
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